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Transferring Storage Devices Wthin Storage Device
Testing Systens TECHNI CAL FI ELD [ 0001] This disclosure

wo edoatizss1 o transferring storage devi ces w thi PCHUSI08Q@10795

device testing systens. BACKGROUND [ 0002] Di sk drive
manuf acturers typically test manufactured di sk drives
for corrpl iance with a collection of requirenents. Test
j t t
R p ol AT ALES WA S bBlaclI3EHLE Tap 3 S ystems

l\/anuf acturers tend to test Iar&% nunbers of di sk
drives simultaneous! yTEGHBKAWEELDD sk drive testing
YR ETS U YPhiCakdiYsubdielaltd e QREr RS GKS VAR 6r
%ﬁ?p l e teslt s% ostus tﬁat receleveng r%eéﬁl ves for i8e
tdewed tegfing[SPOOB] The testing environment i mediately
around the disk drive is closely regulated. M ni mum
tenperature fluctuations in the testing environment
are critical for accur BOEKERQUEBNdIi tions and for
g@(f(ﬁ iy of phe dg{fesllﬁargﬁ“éc‘t’lﬁ&s tyHE%llj!/ Rl ERInuBRRRIAE QNS cOfor
i sk™drives, whi have hi gher capacities, faster
rcemahanéﬁmthw@lwgora@fdemmle@tﬁ Frshelludrinesat anddechnignes axist e
$6N8ith RIS Y i@l VG AR
tﬁggéruell;yaa%et it R ?htseg{wgés 5 rﬁ{c? tl?erl}dnt egc?l{r‘%s&%?to
@se@tgelrmmlber@ @ﬁdnelc direen SImullllmb@rlsly elsi:tathagm dPitk dins, testing

été’rﬁsstﬁl@ﬁ[? LGS on%%PmBFeOrQ @L\‘ﬁn%hlﬁftf% ¢ 95%10{5%?9& ve

ppor ng s ructures or fixtures to adjacent
'ﬂl‘rsikslrlvestfpattea;tmlg "cross-talking," together with exter naI

RS R R BB R LA 08
regildtdd. Minimowatempestureyflvetudsoramidthe mstigaae@tonment are critical
nufact ri ng ,costs 004 rive testin
TaeuRee B RO ot o Qditdrigin il vy o
kal@Jktdntz@s w?ﬂh M?@lﬁéﬁeycafp@ﬁdesﬂﬁsﬂér @taitiveS spcRdankirsaaBéricad
cation for loading i.nto the testing systemfor
¢ Bt re AN MBS QRO %C%Ség@rﬁlgn SiiEnh hfriabity
o etk vk bhd/thE Btdori@y ereldchRaliofifectbsY @ mdbr tedcbditions, the
transfer |ocation and |oads themin test slots for

tdE¥es thymse BMVAARRIOPEHO BIPrAtANHHE VSR PHIEPTHNG SHRS{HRPT Sictures

td AOKERI NN OTIRE FHAYSEN d&éfésgﬁ@n?ﬂ' t et Saea s@l@yésvo%
testlng systen1|ncludes act ua g an aut onat ed
A

tiREREDB oFnE DS IQbUMRASESI. Seadrsiap agd Ret-{EPStEE éwg-oW(NRRO),
@Hhéh' gscultj ih REAE te@f:}tléi% 'erd)mérQas5@ﬁlﬁﬁ1§é’cﬁlr[ﬁglc&t§l e

st orag evi ces
[0004] Current disk drive testing systems use an operator, a robotic arm, or a

conveyer belt to individually feed disk drives to a transfer location for loading into the
testing system for testing. A robotic arm of the testing system individually retrieves

the disk drives from the transfer location and loads them in test slots for testing.

SUMMARY
[0005] In one aspect, a method of transferring storage devices within a storage
device testing system includes actuating an automated transporter (e.g. robotic arm,
gantry system, or multi-axis linear actuator) to retrieve multiple storage devices

presented for testing, and actuating the automated transporter to deliver each retrieved
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presented for testing, and actuating the automated
transporter to deliver each retrievedstorage device to

W@20008p882 i ve test slot of the storage devi ce PEBURI999/040795

system and to insert each storage device in the
respective test slot. [0006] Inplenentations of this
aspect of the disclosure nmay include one or nore of

ts’ra)@agfe QALY iOWoRGedpBalvE i@ Bslotl If (1R QMBade MR iBFR M2t A8S and ©3€
met hod i ncl udes actuating the automated transporter to

AEET ceshetaigerdepreingboicarsetivwdest et t r ansporters,
3600681 | NG fr{fe A BORE §Ghil 5@@&%@%%&0&& lay '1&Kﬁ1e*oﬁ@or

stora e devices presented for testing by carrying each
afore plthe fablpwine fektwics g soie hnnlg‘smlonméhesﬁ@h@gecld i ce

A G A Bl R SR N VE SRR ER!
@auuat}ngrt@e omenaéd trdnepateoage cdethe slerge dovideh Bresmefmt ive
e%%l;l%@y ?atrrir IGQC ngqﬁe S%Ofgrg)(ie%i% S \%ﬁlﬁ retigfctll:’ehS?OI% %g

ers Is nser |ve t est
slapdportengad lactgathllgehmtdnnﬁfﬁﬂ tsmqroalgeto dielrver dle\Mdretgeaiewce

t t t h . t
RRBA VAT RRTR 8o Bhe G HRIRRS PRI ERRbEILO% m
rsmmr e;dmlprtésp@uh ef thé stbhgé devﬁcesmegiomne idiesdited Indd Srespe@B:/ ]
ons, t he storage devices ar

LSO sk R B0 L GRe e i e s st Lt e

tsRrigh@ewb Ol AR spk@dth CEhd i@Sdr el Gom¥s H&Me trhigonrkis PRRIRA
transporter retrieves each of the storage devices from
clnsurgof fhei ggspestixe Bl e device tote with the

G607 ¢S PONdinREms tRFIBEEn &R, G didrBdtSROIcEEIre Pisent in at least one
positioning the stor aﬁg device transporter below the

Stogres geviereipteducsentpd 1oj thesteaee dovise igengievickle Toe putgmated
HaRREE FIEW & RaGUHIRY store delResStRh ARGt REY biEstbREEdevRRT

carrying the storage device in the storage device
tiotamsth dirctcorrempading stoiret dryiostignwgecrde\pogigoniag tie sPOEO8]

-Ellaﬁc@llﬂefng e?gelg %SSPO% e%rew% %ff ngqpé Morja élle %%ffaa storage

nanlpu at or con |gure to trans rt nu tiple stora
deviccepporFofthestanpd égvidertott.rad cagengthe storagbdevies imthn as

J&%@;&E&?@tﬁﬁg é{e@‘%%,%gn&}‘ h’{% Stolg%r e Iffpt% |ator is secured

some exanpl es,
o8 rani pullataoroniangll ttadms)rtén prslkrah}ydndmctes Adhaopohect or s

SPo a_ nan e

SEBEERy Srgo RO RS B R F R AT Pe BeBr » oposic
eaahs Ot hetmafth eanpoine cthe manipiletot BREdugddrted diseal end of the

easa attach to a storage. devic sporter
FOBST L S bE OIS BEER DA B TR B, P PES Fiageor
sﬁs@ss@g @n d@MinpRBtIMbLA dhdareh R age sﬂ)@Mhtﬁ‘eﬂ’lyt\Bgiapétg syst em
i ncl udes actuati 9 an aut omat ed transport (?vr nlg
configuration with respect to each other. The connectors are con 1gure to relcasably
attach to a storage device transporter.
[0009] In another aspect, a method of transferring storage devices within a
storage device testing system includes actuating an automated transporter having a
manipulator to retrieve an untested storage device presented for testing. The

manipulator is configured to transport multiple storage devices. The method includes

actuating the automated transporter to deliver the retrieved untested storage device to
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wo eoovnze38port nul ti pl e storage devices.

mani pul ator to retrieve an untested storage device
presented for testing. The mani pulator is configured

i ncl udes actuating the automated transporter to
deliver the retrieved untested storage device toa
respective test slot of the storage device testing
&pevandt Jine e s¥0|i‘§ge lae\h@e%{eﬁﬂlg%w&ﬁ@@d M B uhtBstddt S
respective test slot tor testing. [0010]
Istopice deYieuiniis AEPestive Ipisladdetingf the discl osure may
iifigioyde ongn rm dFRHiBn oSt il %p@&'ok‘ h d‘ibglogﬁé‘hié? GRtudk "dné&”e
|rrpl ementations, the mani pulator includes Tirst and
seronihe Silewinedeaturgs. sip serad inameracniadinni dcanampulrielyinadss
Hrdt %H@?egoﬁd‘coﬁne%w?ssﬁlﬂib%éﬁéd a)’mg%ag%%d? QR4 LAt fn%n
W th respect to eac ver, fn some exarrp es,
tstnlwtahhulsfc Vahagped e@ﬂigdrauomweb t@p@t wrogcltotposedet@Oin some
g?gﬁg Sthfer r%lg? geicergcg L0 ﬁerc’tor% %r dhsg? og gg(g @ %Fegs grma; one another
tTfha nsrpxectbe rare djoBfigurdd tolraleasabm agachnph esragt hl@/lmtahQIdner

i-pel ud t uat h t
Bfipiove sk afii e SetPa S bt SARRE A fyetne
altahsmﬁéred rdtli@Rapaiigedetioe ﬁ:&islbdr&v acmMgum agédeSlokager

evi ce esent d for . testin carr. n t he nteste
fRe R AN RIS ST I RS AT M RS

aeagaabuad wiligtht heraab Hen®d eshsfor@r SReida@liing hedelohdrd t he
st or age dEVI ce trans orter to the respect I ve test

diapyportetg %‘tVSF‘é‘@étOEPéQ Aedca FaapRper Pdhe eperihedsy gt iTico

tsReagk AS¥icSh Rk SorteERIRGHADIntNBe £ $IJt€ @ngagﬁlg sied il QhRGEd
device with a respective connector of the storage

deyaee deviesyith g respestiengonteséorion g stosage degeaigEingsystee The

1ﬁs@fﬂ§cf%%r5§er deWcQ‘t‘rhﬁ’s%@rt&'pMe@ cBlurk bitd BHRERLALs16EST
sl ot I'n sone 1 nplenentations, the untested

é@(ﬁﬂhge deI\nu sge igplpmeniaions,thp untested ﬁt@g@@e dexi¢ccie pregingin a
@{o % '&E\S%Q'e Jo% Jﬁ&@nté& B&ﬁ‘@&o&?%&%e&ﬁﬁ&%ﬁ&e srg‘g ThtohBEd
teste

nrate nsporter retrreves t storage
dl@—vspoﬁelfrbmﬁvds e witested gorage deae fran dhewiordgetdiace tote with the

%glglg ﬁ&l?cf?l[%ﬁ&?%es(}eg ggrgnsgg%ée ? g%&?(gh%?%t% gtr ra? g vice traPﬂ)orter
unaloa&h@dltsste(drs&g@ediew:@ élft1rig| thd mmg;tddrse)ragetdeﬁtee@ff sbtoragge

evi ce of evi.ce support t or age. .
GEVrEErDat et el BdR SR A SRR p el b B e i
ithe stdr@geSdeOicagensgevdr agaj fralmslmmrege dviy tdte.om t he

or.age device tote. [0013] ement af i ons,

TR 0E o ie (RS et b Rl B e Wine the Shorhated
tufa PO RET dn@ EheaRchifultor 1B Rtk att@tedis@rigRidevieyRom ith @Sp&Eve
stora e devi_ce fromlts respective test slot and

St $19 "ﬁ‘é cprpdng e tesigd §&0&g55%“9fé9 i destingtiop lgeadipn. yugh 53

|l jeQ b N btorS VRS tofe. BB hdARIdI Y iB100ABRIaGRVIhE ButbRhBd
The nethod may include actuating the autonmated

transporter to retrieve the tested storage device from its respective test slot by
actuating the manipulator to engage a respective storage device transporter of the
tested storage device and carrying the tested storage device with its respective storage
device transporter to the destination location. The method may include actuating the
automated transporter to deliver the storage device carried by its respective storage

device transporter to a receptacle of a destination storage device tote.

The neP¢DUS2009/040795
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transporter to retrieve the tested storage device from
its respective test slot by actuating the manipul ator

WQ 00en2sge a respective storage device transpoP@BUSNI/040795

the tested storage device and carrying the tested
storage device with its respective storage device
transporter to the destination |ocation. The nethod

WM ncl udg aﬁ@ﬂléiaafsﬂx{ég a8 AW AIRESHnd (SASPRN I8! within a
ellv

er the storage device carried by its respective
Stosreagevierioitng sysieih dsbideseactuagngan Beaprtedcraasportcghaving a
et OR RO L FIE RNl 88/idecHoBscd AP filst 1tk HBF M€ Ktorage
aspect, a nethod of transferring storage devices
wWieYipg festigsy seragEhaimeipdatpieis porguryde Baspere mullieks storage
%lg;lye%t 9 n@fhod H{cﬂﬂ@st ﬁqlahﬁfﬁlé ROGIELed lﬂ@ﬂsg&ger% deliVﬁr the
mani pul ator to retrieve a first storage device housed
iretrigvefl ifirg sstotags tleategd apéconth essd@r mgetioethe getomatsd irmgpporter

m. . Th nipul at or. i s nfigured. to.transpo
TRV & \BaT R B! agnT R SRRAPHGH WL GROTRANE e
antragatdevige, hinkacalutiograit @dtomad spospdeer té msetethe Viett stolage
retrieved firs tpra device to a second test slot,
GBS PIe s LiaR LR Srkiint PeP R RER S o
seriond st omglendaheribaeofftiio ipbdtef decndsire atay $Sdchide whé bre
carryi he.first storage. device,. and actuaf.i t he
A S B TR R Sl L T
Ql@ﬁ(lhtﬁ% thd¥Borh &l SREEIMEr {0aRLvE hRt etV dde et kiokdpg deNe: to
second storage device. [0015] Inplenentations of this
é]éﬂp@éttte%ﬁlof’ﬁ’éd di scl osure may include one or nore of
taB@atf Rl thOMt 1Baté LRI Ry tol iR AEBscb TR sfdif?%td@&ib@ﬁ%o th¢ PRt
nmet hod i ncludes actuating the automated transporter to
dest sloterThe menipglatr npbdesepampuiapobadyend 8w el seerndhe
febhiEtobsSfdposddh th ARshiR A JaP I ThGnA R BE GHanged in a

transporter to insert the second storage device into
tshstaiiplt V skaped sordiguralipiewith rispst tetcaeh otherland exs cach
: 0

TR, SRR 0 LA S SeN SO ME Ry
arngagethe ifint andwbetdatiragl deyicd#-is henpepormiogfrelgasally iatsarhed

] r ect a c | € -
A RPN e TE- BN RS A58 AEG B8 I ke e el
reecoirppbading stdmgndpee trandpheerf insstinganch seepndbvetantagee of

: [ I I hed .
APt SR BB PERREE e R BhERE nles Tl BF o1 2GR0 e

deyeaies tear dotemghicicgtht catied ftodgedyvice SPndedpgctdic@b@getor of
evitce tc[?ansgeor. ter, insertin teach st.or agg devi ce.dl nt o
SIYPPEG IRUICE SNSRI PR USRS 4R PR pyter providing
cosirRspROdifgt et alge device transporter into the
respective test slot, engaging the carried storage
d¥Vce wi th Y& PEUBREPPGe AR 6F (Bing WECR e igean
depheRd taspbRd, SYSEEMe ridR@bbI SR fuBfhatddafagR it &Ress by
transporter providing
the automated transporter, and multiple test slots housed by each rack. Each test slot
is configured to receive a storage device for testing. A transfer station, arranged for
access by the automated transporter, presents multiple storage devices for testing. A
manipulator attached to the automated transporter is configured to carry multiple

storage devices.
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closure of its respective test slot. [0016] In yet
anot her aspect, a storage device testing system

WO p@boeks82 an aut omated transporter, at | east OPEI/DS29KI/040795

about the automated transporter for access by the
automated transporter, and nultiple test slots housed
by each rack. Each test slot is configured to receive
0L Pr ag e ﬂﬁ)\fén%tafn@ﬁs 6ff%1$i§ hipbet oftHelIROREGE nial &8 one or
arra@t?F for access olr); t he aut omat ed transporter,
e efthe follgpingdpasurst. dp agjac HeRereaatiopy. ﬂteé@%mm@atorAs _
'Eﬁﬁﬁg%%d% %leaééﬁlﬁ&&%tot rﬁulhﬁ‘l% s R TBFiEG dnl APSROFHET 1S
configured to carry nultiple storage devices.[0017]
A iPey tlla:tlud@ﬁﬁrsmndtsnwd aglp@@tpmcﬂﬁsppwé ofiageanensiptas bagyand
aﬂg+éég%1 OB Qhtid Wr\ﬁsh(aé_acf &)ﬁﬁ%lﬂgt 0%\%1%6; %?t 1S E&Ch- gtﬂep piyTe
i mplenent at1 ons nipufator 1s c igure
rcelhr@atswkalre/coenﬁgmfc&tq releaablyiafthah ts b stoeege delas tmsporter.
60’91%?30r t e S0 ;:Héga m %’”t%tngfrer staptlonlilrgc(:fudle {rgﬁsge?nt%tion
eco d connectors spos ay and
albumg;@dﬁgme@tosed@&mand slqipbly antqitm@ﬁdga:dmfce guesab hon
nnect or

DRt Puralgby fep ik ASRRIEHSr Tod Suvpnisvice

ttcma igpded etote Hodd ﬂl&]mﬂglnﬁlame sexRbES retdpencick andigared to
?{lon i ncl udes. a transfer station housing configured
te'{’JC Do 408 ¥ {Shpor t mul ti pl e storage device totes

i[0018] Pr s eMcaictadd oP&Ridk R TPlenfeBtavibs dTehdiscldiBre are set
automat ed transporter. Each stora?e device tote

] lad%acaorfuz%mséw%ﬁéfapﬁﬂﬁgiefr?ﬂp 9 vs  Bihaigieabyi ce

ro%j%@t@ta%ﬁ @ eun A Wil e @it ﬁ@ﬁlhhma&ept@n ShOUBG MM GSm
0019] The defails of one or nore inplenentations of

thecldinscl osure are set forth in the acconpanying
draw ngs and the descri ptl on bel ow. O her features,

obj ects, and advantages be a nt fromthe
description and dPE%g ]é]rQJF P%ﬁ? cl ai ns.

[PBeORI PTI CNGOFISEaFﬁ%%M@Se LRG0 sfokdge ddvibSte@inpeySRLatd v e

view of a storage device testing systemand a transfer
értaéftf?réf?tlo[‘0021] FIG 2 is atop view of a storage

i 1¢€ testidNgyisSmsp ¢l s@rdst @E@ée@&stﬁ% @}s‘téi’ﬁ‘and[ OPRfer
|G "3 is a perspective view of a storage device

t®8¢h.ng system and a transfer station.
[0022] FIG. 3 is a perspective view of a storage device testing system and a

transfer station.

[0023] FIG. 4 is a perspective view of a storage device being inserted into a
test slot of a storage device testing system.

[0024] FIG. 5 is a perspective view of a storage device transporter.

[0025] FIG. 6 is a perspective view of a storage device transporter carrying a
storage device.

[0026] FIG. 7 is a bottom perspective view of a storage device transporter
carrying a storage device.

[0027] FIG. 8 is a perspective view of a robotic arm with a manipulator
secured to its distal end.

[0028] FIG. 9 is an elevated front perspective view of a manipulator for a

robotic arm.
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[0023] FIG 4 is a perspective view of a storage
device being inserted into a test slot of a storage

wa@leapa293sesti ng system [0024] FIG 5 is a perBEBEUS100%040795

view of a storage device transporter. [0025] FIG 6 is
a perspective view of a storage device transporter
carrying a storage device. [0026] FIG 7 is a bottom

perdpect i vierayi @WaRfeyae$tar ﬁ&ﬁae&ﬁz‘é Ve SIROSRAPEIRGT shown in
carrying a storage device. 027] FIG 8 is a

péPshective view of a robotlc arn1mnth a mani pul at or

§65301 ed topfd § did El@bat@cﬂ%nt E)Q%ﬂlve’: Gy opa fn§nlﬁlﬂator fora

el evated front perspective view of a mani pulator for a
rewdeipgnarm [ 0029] FIG 10 is a elevated rear

Q@dgg&e CL' v G\.]/_ Hffél a%fersf)&‘ﬁvm%g!ﬁ' % R8s n e ﬁmwoﬂe M 5 10§dlngw

an el evate perspective Vi
mbmamnanipulator for a robotic arm [003 1] FIG. 12 is

ﬁ%@gj spect FI\(}e 1Y4:% %B?fgfé ?&%9 % ét%%ge SGVIéGO[Bt% 1 1%sen{[/a|t10n

ng position. perspec
pbsidorst or age device tote in a presentatlon posi ti on.

] FI 4 1s a per.specti a transfer
(OB Chigsly SRR BT PERY S B Rt | oot o
mBa in a EKESfﬁh@km@ﬁnpﬁﬁmeﬁluﬁ@maqha@ﬁmﬁﬁthMOﬁﬁn
resent ati on su ort g%%%f of a.transfer

‘ﬁ?? Onféﬁ%@fﬁﬁﬁ%g P §%1%he vari ous

doamsi Ngs i Midk Eddrénde lsiﬁﬁbcﬂé BB SiouEIMnk ERJ RESGRE FTMERN.
[0036] Bul k feeding of storage devices in a storage

device testing systemis advantageous over nanua
i ndi vi dual feedi ng DHTAALBDAYSEREVTIERS by providing

i-hereased h-put, and.efficienc 4& st or
EieEe " ek EpaPLi AR Giec i A e ey TR i
dﬂﬁ&&@&ﬁ@owﬂwﬂﬁhahhmvﬂﬁ£$&ﬂmg@@Mﬂﬂg&d@&ﬁsBﬁ@ma@ﬁg

devi ce hotes 3 efer%ed to as totes i ch hold
AT ) g pugad A cEReo e ereg 5 5 s e BT Py
SWSHAMe alsb QU i6 aBhil Hr@bntilenaGRe G8MbE iR IbtkN@Iso HfSiked
sorting anpngst nultlple st orage device

to as tote§), which hold multiple storage devices, to a storage device testing system
allows continual storage device testing, disk sorting amongst multiple storage device
totes, minimal user intervention, and increased efficiency over current systems, inter
alia. Bulk feeding of storage devices in storage device totes provides the advantage of
shop floor flexibility (e.g. by providing the ability to easily redirect a storage device
tote or a cart or trolley carrying storage device totes versus rerouting fixed
conveyors). An operator can present a batch of drives (e.g. via the storage device
tote) to the storage device testing system and then walk away to service another
system. Bulk feeding of storage devices in storage device totes also allows automatic
sorting of tested drives with the storage device totes, as will be discussed below.
[0037] A storage device, as used herein, includes disk drives, solid state
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

6
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totes, mniml user intervention, and increased
efficiency over current systens, inter alia. Bulk

w0 ewdirzngsnf storage devices in storage devi ce POL/ES2009/040795

provi des the advantage of shop floor flexibility (e.g.
by providing the ability to easily redirect a storage
device tote or a cart or trolley carrying storage

AENdIGER AL BF eV EhSKEm wrdosuatté E&efamg& QR QMY ik tateAN
operator can present a batc drives (e.g. via the

stestrepe fiay pledromselapicabdeviges. st or age devi ce testing
gﬁf@@?m andr {eho WIIGSaY\@}’m s8ms EhMEGEARRL, Q%[ora?@é%%%@%

ul k™ f eedi ng of storage devices in storage device
tiesting syategol 04l inadudss afueasheitci avtoswtaditiagspofte 2081 e g rabdtigasm,

i e
BB oy RS f BHLE Sl BbS el ML aREA (EHAEES
|smlvsltandd57 wirgkl tdp |ﬂve@urfg@I 1i0d I's tha temarajrlessbgwn, rtemartgmated
n .re synchf gnous
? ést) %ﬁér or gr\l}g R da o?ceark‘h%fo&)g%ﬂle ¢ §0|m6[le i 55 gl ly a
lpoeralewnmaed dre alstvotha diest ey R@eandhio exterst nameBy ﬂorgnlteaﬂirbtyams

d t dl t t i t
208 bRl 2ol MStabier fhft MG E e b dogang
Stcdidage ndﬁfphl@&)r 7odispos&isat 3 distall ersd @ttiee ﬂCSBdeB:raYmQOO st lca:ijaelef
per si st ent tead. o

foln%lgrrfn?rrﬁ ﬁ%?ﬁ%f ngc"éngﬁ%dé‘Prl Séocﬁggﬁsdﬁﬂﬁﬁ E?I}SWGWF#Q 19 g3y the

SRrigddstiakss0geRet gl Fvsds-83. i MokibrhR%ks SO0 adl aghibe around the
el ectronics from el ectronmechani cal devi ces, 0
gques rgultiple

rehosie aimp 404 for graging by dhe rphptie grpa 200y Jrasheack 409

$4:0£1898 1 (IS Brell RSTebddek S eedaéé%osoorfsﬂ tdi@s. @he doBdRtarm
one automate tran;gq(l)rter %p roboti c arm

gandefines g subsieptiadly c ctrxcalawrkmg ielﬁ‘@ ¢ zelurg o0 withehs rrkig
530() b&ﬁé ar"f]ﬁﬁ'géd %Qﬁm Q}?eev@orl% ln%gn@op% Qli)@ fR @Ede?sllﬂlﬂt%/ RPEIrR |tes¥ Qot

fl oof surface exanpl es shown

élh@ &mmmlrngrbaﬁhfpr@bét@rarm@oo cb sensially exipdtivad W@l’lﬁii@oo
I
PRGNSR 210 EhEcL BLAHAR: RoBHRARLE SuRafly BIC e
fcapesity bxhaglR@60strFints. Motymid axamples, ZI@aOObcmcetpe a0 seldavated by
ag(ﬁ ﬁi gi)lg%oonaag%gés dal OF htft b%(f 51% t%x Iﬂgorzs%%?c%qg ? l)%(’%ﬁ?l 02?' lift
r26f» mcreasealtha sPR0f the vhalndg envelvpe oolunm 2 &0 it dioagiez ttlewiboes
/ or stor ede e transporters 550 to carr
2118 2806 Fiob BT Gl R SRRl 2R & Ry o
ITe kise 30@e azbﬂmegrernaﬂg@jvoarmn@ dahiBe fupthot ih@cacdb?lllifear
serVvicCi ng b{o flhe ro B{; g@m 200. Each rack 300 houses
PRt te

YETEH e Spegeda @i figured to receive storage

cueogmzes 50?1;Jdﬁfor1|ia®éi{gfaﬁg)0ft&_mork(@Q%b&lcatlhﬂ) QQ@nflik@fddﬁgioa
Su stantla y Cylindr]cal Working envel o Vol une
wWideRendpREly sspiss cagfuteti slohg! P PEYEER SRMHIHOHS ﬁ‘h P RENg

QABViEs 3106 (1R IEEhIRY tcaBmE SRR 0. t A cftinBARM e indlilal storage
devices 500 through the testing system 100 allows random start and stop times for
each storage device 500, whereas other systems that require batches of storage
devices 500 to be run all at once as an entire testing loaded must all have the same
start and end times. Therefore, with continuous flow, storage devices 500 of different

capacities can be run at the same time and serviced (loaded/unloaded) as needed.



10

15

20

25

30

310 for servicing by the robotic arm 200. The
substantially cylindrical working envel ope vol une 210

W@e@oiizhs82 a conpact footprint and is general | yPGHIU§2009/040795

limted in capacity by height constraints. In sone
exanpl es, the robotic arm 200 is el evated by and
supported on a pedestal or lift 250 on the floor

%mb?ce 10Ref'&laﬁ Redest 8l @ ot ng R0 tbﬁﬁ%@ﬁ%ld&ﬁcludes

size of the worKin g envel ope vol ume 210 | owi ng
rHenfepétion 460 ?ﬁn@@@re@ @rrbéﬂfcfﬁedma of sterage @E)W @09 to thet
%ht%&a%@ %ﬁ@@ﬁ&mb Ce.o %frw)cﬁi% aPn‘% Sa‘s s1§c!v&ht) S T?felQnoJJit?d SdnkforRf

he wor ki ng envel opé vol une can be furt
|2ﬁ@ mglareadertsly S%wph@datemlqtﬁé@by Henstrties a ﬂtt@fager@wce 500
%gtg\%?ﬁ ﬁlle tlgﬁsf 3 sta!ﬁol?@ &%&%At %:BP $1(7 (51% %hﬁg taioh 3M & s
I C arn% is configured to | nc?epen ent

98¢ Vi mere e@cstﬁwesltrymg omlttpl@tttr@geme@mmdfé)oa)resantd fou snnslcmg
B Rl B ARG R RO RHAN IS, LESEL Rg St e

0. conti nu aﬁ dual evi ces
516mvdr1hg amngﬂetrtehmgls@stge deyvisy SO@ o a:hﬂ @road themmagadmlzmmt@stmg t

r .each stora
SP¥tR 180 oTiTirds fl PR PRl e e o s p BORE G Rer,
S{¥bage dle‘llaee; 15001 toadr?ld feim B @ensés saﬁgremo ne tﬁee’iim@fﬁ s}iav?ded
t. a av the s st ar an en I mes ererore,
3. Besh PR Bl b AEeeSSPTE 2 e By Beeh o Ui Fsyeary
capacd preRstaGapddRiondid Ay bdGeshan®d bd MBuRRLS eo)()/foe ed
(1 oaded/ un] oaded) as needed. ‘i[)0040 Referring to

3uRp Y%%C@{eeﬁl%vg%’ StoEAze devigcs PP £y tesTjag @i f@@“inﬁt&ndafé@%

5 a8&iehg Bitad i8R ARRiEONI0 @HBSR. REtRUbK RS Rey 88
st orage devices %OO to the aut omat ed transporter 200

(c@s%ﬁedaasr ‘B 1etug) ipfes aQr §q1]@gl\mturn-r(ﬁ@s Ao respRiRgrespective
tsfo?a[?% REYIL& 506 Bt AREERKD ?Qs@&d O (RIRI\ fﬁlﬁ%loﬁaﬁff}htegtel%gpe%ﬁ%tly

y transferring a storage device 500 between t
oSt er shamplymend@ons pkt employ storags Hetice3nanspoTthes 550 for

tn{a% a‘ﬁflg ?Tthﬁ% 10%9 QOd1 Qé’lssh%grn(?ﬂ] P QS%% t&Holi@ LI%§2(§)Q$ or

car |ng e storage devi ces presente
senfigueddrig rdsove h@toaagb deeitetthnspates pBY fran 0RO thetlg slots 310

té&ﬁ%ﬂﬁé ?15111@1&1%%} Kb ‘&1919 cI% 8§a§t%¥a I g%rdge%OBtfro P nceql‘*le ﬁeg%bd’]g

ving stora
sptetsemgieat mll&vtranefet edion mgo s/ythtt}emQIﬁgé deiﬁhetrﬁmp@ﬂer G&D aad thownv

a 0] trieve

AP AR R8s AR B Pher 330 TR e & ER DRt s
40031d fog Tehtﬁlfgejf arepleagehiowoe 500. Ellfﬁr testing @@hrolicdic @arfdQ00 | S
acCcessi e romre rese tation su ort
3SEeen RS s R REC o Fors e hEC R Bla S L BR okmge
desitgitads fiseASSBcaB@ G ttAEEstGRE dedice SOPRbMitIGea slot 3 10
collection of storage devices 500 for testi (%.nor as

diest VIHLEF B13nipEleer 64D, gy ing diedPisdPresssterige &9 algeeitorage
devite@smspaRr 650 toRIRL tnsfePR&IINAD ] 00 nte@lpfiROBc Yaghevice

transporter 550 to return the tested storage device 500 to one of the totes 600 at the
transfer station 400.

[0042] The test slot 310, shown in FIG. 4, defines an opening 312 configured
to receive the storage device transporter 550, which in this case provides closure of
the test slot 310. The storage device transporter 550 is configured to receive the

storage device 500, as shown in FIG. 5, and be handled by the automated transporter
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classified as "passed return totes” or "failed return
totes" for receiving respective storage devi ces 500

W@ bav/12r882 ei t her passed or failed a functi onalP@T/ys2009/040795

test, respectively. [0041] In inplenentations that
enpl oy storage device transporters 550 for
mani pul ati ng storage devices 500, as shown in FIG 4,

e 1ROt oAthBLBRAGe US/iG&aARhi@HERS5H & réﬁm&i@ro@n SleQrage
devi ce transporter 550 fromone of the test slots 310

st Hots B0 with thsuplat 800 (e byterbhingi ¢lothspvise eteggiagehe
GaNhGRor D Jfﬁl%q}aﬂg}%n%pﬁotv%hetﬁe Ql%pﬂat%?%&&%%b&%m In

transfer station t he storage device
spap sparisr assBoiratad i K1RSnS v ethe ptaragh ecvicedreagportgielilc e

t“?@%pg b 5?05%{ 61mfg aréugsta?httlgﬁ)agesp%%ﬁ 05&1115%9% it S Ibge

e test s or testing o e st orage
5iewallf 368r Stest k hese pldteSqochatcpldectivaly 2008 the firnine v6& tot fite

a?ou'ﬁg g st%{’a%% agvel(%eds%l\g/‘%o %;gt s%of h o tﬁqute%ﬁé go t%\%tgfle s?forg%e (Pé(flce

enovi n eV|ce 'Fanspor
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{. 70 th d
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storalgE deVI etra urnthe
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tdéﬁﬁ@é(ﬂfoﬁﬂeﬁfobﬂﬂroﬁ@@eto[t@@ﬂ)z] The test slot 310, shown
in FIG 4, defines an opening 312 confjgured to

'r{%Qf‘éil ve t hwltéflﬁsaog%%edﬂ@v%éoq lpgkgwt{l@rthesfs@le WioEkhei n
tshrsbe Qa6 PIOYIrReSsE RS e Abvitd@arkSster §$(p$nd?eﬂe09torlgee

stor a% device transporter 550 is configured t

devies Y togrthes ey egaoved by dhe relpic aHy 2%%&1@%@ @thle one of
NGl %10%63'1@' KhbYn hgcaURhe L RNEROhS Bleai doula@or 700

use, one of the stor age devi ce transporters
iesnesdfigyrehioondate fetuiiontod 8 clagpmesncghaniss 57 ctlw@sqdobdte

%Q)Q gre]%e\%e tr%%cg{efﬂ?% M9yis a(?lrowgtaaﬁeftﬂl %E@g@%ﬁ?%&?ﬁ%&ﬂﬁsm 570

tation the transporter
ﬂvafo)rqohhb aapporfd 0501 nidved fromche B0 t¢ the sayhdoteit B mpinbibit

¢ )
?1?06\{8%1 #‘gl;% sgbga(ge :aﬁ\él% %?é) gglgtl e t% rh goet)ggr ggfwgggﬂsﬁc?rter 550
slubisg mamoab | Bridts magrech mphmnesnglo%m fhemm@uhtyorﬁ)d emixlghm
562 4 d bas I t [

B Ge IR bR SRR RS0 By BRR e L o 6 Pl
(fmﬁie 560.0W} alilgwst foeinkcotich FOR: saragehryict frensp ot SG@ inttevri o
t ransport can be t he robotic

IR T O R A AR IR SRR R i

diew@@ﬁm&% shous@ded @1t1@ﬁlﬁ:sthﬂot et ot @oﬁih@ﬁvﬁg er}féewm@alg
recept acl es 620 defl n ?fé@t he tote GOOé1
Ereeksnisgn 90 magtalsofiefon icegre fhgdepelpt EP ose re&awed

tiedn ke mhaduslﬁ&veﬁ@mgof,thekgyoragwiempaaﬂsgoﬁerr Ay@ kvt B Qe Rst
position engagi ng the storage

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 700) to
inhibit movement of the storage device transporter 550 relative to the test slot 310.
The clamping of the transporter 550 in this manner can help to reduce vibrations

during testing. In some examples, after insertion, the storage device transporter 550
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w@Roovhz9381 or age devi ce transporter 550,

device 600 for renoval fromthe tote 600. [0043] Wth
the storage device 500 in place within the franme 560

devi ce transporter 550 and the storage device 500
t oget her can be noved by the robotic arm 200 for
placenent within one of the test slots 310, as shown

iafld b@ee devide306 4B cd RIAIBObAE LRADed SEcut@Ih reyllnaﬁl%on or
700 is also configured to initiate actuation of

ém%ﬁélﬂ%lg“ﬁ’éléh%ﬁteéfrﬁl%?@)o di sposed in the storage deV| ce
UHEAPOT t ek PHe tolFics. Al1h qyl‘@m@ﬁbﬁ’i%fm@gecﬁll%@t&i @E@I d

rrechanl sm 570 before the transporter 550 i s noved from
t2A2 of the eobeOamp2G0h & he wnipslar 7L0ckudesifhttiabd secomslame 20,

3]‘30 hggosg(ﬁ Of 28&ni ﬁl\c{fogg%d?gﬁo _raﬁ‘él ijdh \ég d Qs E@Ean‘?lgl?}; é—gﬁaped

evi ce transpor ring t move. Prior
icnisfeguirdtion wiith rédpect teesich sthot 18 $@ne mhnéenmtaltlpnd ﬁte(armsml@ 730

can a t cla m 57
FAPLOERNL AR HEL SpbduGh SR 08 FHIRR, P fohderggpome
Bthes a@ld tdnwsbe‘tweem ﬁae amnsmOp’BOtehcﬂl lsvo cmectdevn(o‘, eonfigured to

t ts.31 I, |
FHEREREPAER GEUPeR BTty YheT pE s ik o
&bmfea@E%de:lG(&s o aecicosnda Al Engmgeﬂpwezﬁlh caupﬂ@&b agdbot

connec r.(not, s

G oD VAN GR AL T Rhdahel T FLUoTIRDE SBTBbIe dhdate
i GRUPIRItals TP €143 ,in bishokinR dRédtiohN @8TBRELIP Endabearilt RIBHE
device transporter 550 relative to the test sl ot 310.
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iafm 60 Mﬂiemirﬁlﬁﬁat&oﬁ)btafeoo{dtuafeh% bR RGP BRINSEHR 790 toS
engaged a| n 5& Iﬁé the mani pul ator 700) to
fnt@fhetl

|P|1ﬂ‘iP etta %n"é nigtigy ¥gef dhovierecderins surpeter 55
RRA Heh YQudtOthk RS A&dfor AP nbhe the KRR ﬂb aﬂm'a@gy ﬁgmtela@n other

transporter 550 in this manner can hel p to Teduce

whé prgapoihs lr&i@mtaﬁr@ 5t5é§<? fetrgsablerptigdnte tl@@é@fwee@wcafr@@porter
1585 Ef L Jo ’exéngbg 8%9@45’%3& Qﬁe*o&é‘{h% & ﬁfor ﬁaﬁ%ﬁﬁlon

storage devi carri’e rern cl anpe
decngagdthp indcmﬂtﬁn'nrﬁﬂ jobthe gtoragn dﬁwc@wwcytemﬁim iHach fren 12@st

57|38 Bf t%fjf Q}aml[pggé)gbmﬁ?';s Hidt aﬁl(gseggnd cl%ps%cglfa%‘oéf% 6522 8%4 coolpﬁgllllrgd

is secured to a
rt@mgagestha clamp @ . me€henisadii Opafltlat Magﬁ@vﬂca t:rhnsplemerﬁm sthe

Sy S G0 A e R s P 08B Gr S G20 g ufehanism
_csomlfd @nnégﬁ?ml?n%agb&m: dz&??%me?dh@magcmo other. In sone .
SORSE o ot Sl SudiRa d ! oL R OR AP RDRES s Lok

(bbtﬂ}eél(ﬂfavﬁlg AEroat Hed 61angbekslieeh Q&&lﬁﬁd‘e 61BN b@fobside2OI4, a
each have connectors 740 conf ured to reI easabl y

atgbh% ¢1g and %%e@r%éléew%@temog}ﬁéb% {tiees B! eusr?r%gﬁéievwe
S4RPBEIESEBNRWMR froBBGH: 611 that are each configured to house a storage

device 500. In some examples, the tote 600 rests on its back side 612 while in the
loading position, such that the storage device receptacles 620 are substantially vertical
and face upward, as shown in FIG. 12. In other examples, the tote 600 is held in
another orientation while in the loading position, such as at an incline or in a vertical
orientation, as with the presentation position. In the presentation position, the tote

600 rests on its bottom side 614, such that the storage device receptacles 620 are

10
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connector 740 includes first and second tabs 742, 744
opposedly coupled to a tab actuator 750 di sposed on

W@ b@9ary3sZ20, 730. The tab actuator 750 is operedil/€S1009/040795

nove its coupled tabs 742, 744 in opposing directions
to rel easably engage and hold a storage device
transporter 550. To grab the storage device

LHRRRRAN R iz8R anll RRe LabAty & ALFh 200NY TR RWod 810
700 are ‘actuated to naneuver one of the connectors 740

tdefings e gronEesttaB an tha pightznd qfiidgs Hhv Ol halkthe ttq bndy $50 thet

gngxﬁh 806 f fe tofdppporter 550 and then actuate
he tab actuator 740 to nove the tabs 742, 744 awa

f[%lm each bttheeexamnly Séwglagecht%agerﬁ@ém Eepirele®p ingjudes a

LERaRRBALEBAPER dRnkie SL05AA% AEK GEn b 3DPROTKRY.7) of

I'n some” exanpl e are

sllrﬁapmﬂvedrsdﬁme dhaveES(TOrto eltlcrvo mamadgtldrmfelrmgeget deeice 500 along
nt op 55 t.h [ANSPOr { &r5,950.
e e

$9ﬂhmﬁﬂdb&qmoﬂdku&thsh?ﬁ@SWﬂﬁénumhﬂegmﬂedwnmeémgmg9a

R I o SR e G e R U
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t o .engage/ di sengage the cl anpin chani sm 5 0045]
R e A M et S N e

@QGicd REdpHERS50, ﬂa@merag@%m&lﬁnm%moas pdspidheBbtlay the 11,
a back side 612, a to% side 613, a bottom side 614, a

1O deyiers 0815 S divctharabetic argy 298) w1k starrge deyice r%w‘l%ﬁ%?

ded Leescd W ik (i KoratOlREE SORViF 6L 6RRE 88)i&Su don. frh@
front side 6 11 that are each configured to house

Stogreageviereiancrors0 if Hheg srieoves dnpl tesstopgredavise éecswecle 620
sk %an?ﬁné s st%ﬁa%g d&VidS08 %4 dé’ﬁbér? td IS HRbR AN e Quch as a test

position, such that the storage device receptacles 620
k%3§hbstant|ally vertical and face upward, as shown

6b4ELG 12Refl:1‘?1n v\/%i( W&%W%Qﬁg g&% t‘ﬁQ gaﬁsﬁar Qﬁlugn Jl(ﬂ)

not er orlenta i on e iIn |ng pOSI 1 on,
suptivles s transferntatiprehdusiag g 10 amﬂ raultzple tdte picsentatiem supp 1t ky stearss

K A e
suadm t 2@t cbﬂfgu&tdoo aagewdend scupportea:ﬁmﬁgﬂ:dleese 620600 in a

ar esubst ant f ace | aterall as
DRSTHARL RS % s OB BRI A5 6 muftiilemne
@D(Dl@ﬂ/ es 630 sobine ih@emhégitionaniet tbefpressntatem soffmrt s§UOmOA20 are

ote body 610 that ,are confi ed.to ort t

BTt e s oh e arS e Bt ne AR AR P
df@l\ﬁlcﬁlfyt ng%ﬁﬁe@ﬂfb @a&.?cﬁtadr PE&dﬁd@t& pﬁ:tséilft@li'oﬁ@?)pd{i‘éyﬁ@?s 420 has a
S or conri gure 0O Su or a centra ortl on
@'efger%né éléV%ﬂO@Wl%reS@Fﬂf%@e PHEE; 5%%9%65?@@1@8 a%woesvél iBHH ¢
ahd W pra Bk RNt QR0 SlcRA0S sORY s&@ndBEhodne Plirs 422,

424 of tote support arms 426 configured to be received by respective arm grooves 630
defined by the tote body 610 of the storage device tote 600.

[0049] Referring again to FIG. 14, a tote mover 430 is disposed on the transfer
station housing 410 and is configured to move a pivotally coupled tote loading
support 440, which is configured to receive and support a storage device tote 600.

The tote loading support 440 pivots and moves between a first position and a second
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w0 b@grssage device 500 at an incline,

non-central portions. In sonme inplenentations, the
st orage devi ce support 622 is configured to support

600 is in a substantially vertical orientation, such
that the storage device 500 has a tending to slide
deeper into the storage device receptacle 620, rather
thB@hom UitheQbte hﬁem&mﬁ@&%ﬁgﬁw @%@Q&%@%ﬁn@?& pol440
renove a housed storage device 500 fromthe s{)ora e
detyiceethe disd ppaiiere fog doldingestaspgsdgyiec 9ea/400dn ¢ }O&H@EQP&I@@
%éQ ih 8 hB@ntal OREBELOYe ¥0Q@in%§tﬂipalg*§ fi %ﬁbs‘:ﬁ@oé 0Qd €éR-s8cond
by the robotic arm 200) in the storage devicC
et Bt &¢1heldgrp Sém@lgeedewat%@%n Ithefprfesmﬁetlosatmﬁlag@(@em Te
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r liver
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devi ce testing system 100 rf’](e
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480 124 @st%@@1ci¢fsan@ca<eﬁ)o%mtﬂe%r§g@%w§é Qﬁm%fs &8 100 angsf er
station housing 410 and arranged verti cal %/1 with
8

meeshnd daclydss agteding theeutonaedirapgrogeii0fde et the atowgp gori¢e
SY6 {2 tedifht N8S, afld géri‘crrﬁﬂ%rbtfuﬁdti%}{%ﬁft%fe:gt thBJ‘st&%é@@e%cetS@O
the others. In sone exanples, as shown in

treser e b de tashtlptar Os ppoethod gy else yelyde pRSValide $hefanostated
P52 RRASL 18 QRS Ren 2o SRR oy
grloov ds t6¢8d sthedgenledcd§00t ek toot @sthmdyn Btgioof it $pane

L EERYG AR S ALE e Tk aELE IR e byces
§0aamd)dbhhemgi each @ﬂﬂtﬁb mrdga ckevmem@ageﬂpedwb CestmeS 16 In other
t al | t whi ch

BB St R el DR ARt TR s byl ab?

tsE)tﬂ lﬁ(g)@ actiitéhgtthd Aitdraacl thgsSaepttto %@Ia\fﬁit&to@?_ﬁ device
erween a OSItlon a se sSIti.on.

R o 0y b BBt b S A 405 450 RERE B hetor
I70@.dhdvangStd RREIchd 44108t @@membemg lak&dond asmga: @eﬁmcefSOO and
hol di ng a storage device tote in a | oadi

8EY1pg Bvithdhegecqy azm {49 phige fnaplpblﬁi% A endhenmaripg the first
Qe ABviSdHUAAD tife debdndtsldR 980, tTHR MothNEhyt MR i8@ERMWuating

the automated transporter 200 to move the second storage device to the first test slot
310 and inserting the second storage device 500 in the first test slot 310. For this
mode of operation (storage device shuftling), the dual-armed manipulator 700
provides distinct advantages over a single-armed manipulator by allowing direct
exchanges of storage devices 500 at each stop, rather than having to take a storage

device 500 out of a first test slot 310, park the storage device 500 in an empty slot 310
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position, for holding a storage device tote 600 in the
presentation position (e.g. in a substantially

wa 0001129882 ori entation) at one of the tote presRC/HS10091040795

support systens 420 for servicing by the storage
device testing system 100 (e.g. by the robotic arm
200). In some exanples, the tote presentation support

%m@tme%%@ BRI USadofiRr {tBase &b Bomld BEUN Y10k BE drdgkkert

(e off vertical) orientation to keep storage
desy ﬁt@@ge dotcery08 ite dheife trshilptA 18] and phendgetgene the patrlaréi stspes
Q@8ce £@Oa'i_’19]1nsé1 et hedeRhd P6r § l@r rT‘h@ Qua‘i o h QOB At5€700

testing includes presenting nultiple storage devices
scmowe@t step of payking €4 efehg Sé@l’@ger@vsysi(@nmmwwmg Hemgnhg

ngbyg&» t@&n@H%BH@ﬁSd transporter 200 (e.qg.

otic ar to retrieve one of the storage devices
EEOIU 11 r om t Presesting mglipdetorage deote 560 @rawdnglmlay beachicdved by

net.riey 0.to Q
loadkngéléLgfj %lg gt?]ﬁlgg S?Vgcre% ge goeolnéoe a %r%ls%e??]ttéltl 2 ol ]bi’d adlr%jthe
R@rdpo deviows 500 @so aoﬂageadlevmg ré¢deptaciet @Oaibﬁmbdthyaammgetdemce

t devi 500 t he. t t
1050 " R0 b i P O R  e W et fon 306
36te mgef 4devt the tiafilerrseatieon Y@Xis bg/tuzttlStEtotrﬁﬁfb tisd smrag%mmca' toee

Qﬁ' also include actuating the au

i GirRineh & BT RO s Dad i Sa B B evEt e
200 cd tre§t gtspﬁerﬁ 260. BilcQtoratQecdiBstotedoovefuphhiedtiegled
storage devi.ce 500 back to a destination |ocation,. In

SERENEtORIDaRHEOR Bt Psrd mujtiple toferesantptiRY syBRAst systems 41 n

MpbdeBloR tRIRSEBE 8ioh hoNALs 10QMI &Moo Peraditly %ﬂh'r&s@édt RY
each of the storage devices to a respective test sl ot

3960 othai. Hlulfave storpeederice 4tesd98, cagihbousg iveree deyiery 880, can
$RWEfubhRgy Ploifid %he%é’dn%gteﬁos%%{? oRIRAGAL ferl &Rion FHOLRI BARd

by actuating the autonated transporter 200 to renove a
foly ﬁlﬁtot@trm’valgﬁod@w ePBOYe PresgataBorf pasyion pegyte of thstmgtige tote

%Hptgerﬁﬂ Oql)é{l 85t¥ﬂ1§ Jlb()t flalesewl&ﬁéb)a{hgé%;%e ﬁgw{qustlél% System

nlpu ato nmoving to a secon st s and
rl@dovi ng a second storage device 500 and carrying it

‘fﬁds‘i the f]t%"fg’tng\pﬁ%@e 0?1’91%0% t‘tﬁ%ﬁé@eﬁleﬁ% o?‘aggggv@e% 506‘?%

en’ i nse Yorag& devi ce
saamg; dhesrhﬁhodiir@feraﬂilyenafmdeb actuzrr'mg tlael anmanel trad epoatet 208tto ng
ort

tr EOO ve ? secand

515 Bt PRRES Fhe Y b ARSOLTR RGN  rc
1308¢ titd deghatiieths eqomakes traispoeer de(\ytocxetrﬁ@é)oﬂera)ftﬁaatofrdgrest
test sl 31? For. this de op eration 5 ag
devreeoliariy st i g PrraaPraAr Bt SroOh g
RioRagle desicdirbporet 5TV haged ifihRles actdting kiR-aatorRebd
mani pul at or §¥ al | owi ng direct exchanges of storage
Jahspersr 298 e daliverhe, St%‘iaé‘deercﬁttﬁéﬁpoft?faﬁ ey nghe slofagke a
e REAYD to the test slot 310 for performing a functionality test on the storage device
500 housed by the received storage device transporter 550 and the test slot 310. In
some examples, 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 connection between the
storage device 500 and the rack 300. After testing is completed on the storage device

500, the method includes actuating the automated transporter 200 to retrieve the
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device 500 out of a first test slot 310, park the
storage device 500 in an enpty slot 310or in a tote

wWGO®Y/12%82 | eve anot her storage device 500 fronPEI/E829091040795

slot 310 and insert that storage device 500 into the
first test slot 310, and then retrieve the parked
storage device 500 and insert it in the second sl ot

%@b@ageﬁeﬁc%lsp&fef@ﬁ) ABRYinR WAt Qd SZ&Qger&:may @@o ﬁ&ﬁ &l 180 slot

of parking one of the Storage devices 500

s%plgﬂ deyveingribyestebypieasdsmo Sabirgde 2 ﬂ%@n%t%tlowm guch

%Q-Qdesﬁﬁﬁﬁyla]sto‘?e{g%%@mé {d& 66@'05 'ﬂR:' t%n%%ﬁ%ﬁ 4@6V1n%%§1e500
for testing may be achi eved by [ oading mnul

smplemgetatamy. thercls B anditwp onmeorcastoeigied fast Sl@tﬁ ét(? %m 400,

0

G ATHD b SO SR, AR o i Sy Pl

ttot o600, asamthelcamdiheg thhestsiay Aderdeevisiontdobedi@O@nt kinds

io?lée?%ont o the transfer station 400. A tote nover 430

e transfer station 400 is actuated to nove the
$®Q§B age debnisome bxﬂn@lﬁ()ﬂie firedrod andlwladadugtipg gictaomated a

ReieRt b Eado8t b SRrekBhe Sl b I SLIPEE8 egeo

|dspcsumg aict tewded storbdralepice S@nitatdeatmaf@siotdtion (ebg uom &oape

[ ti te presentation sup art sy
b ReG s BBt § RS Rioh Lyt IR s lPhE Thres g the
RHVAPS Fetvievihg SkHey stdtabhdHRRIFO0 Fortt@tif@ . BbMahe storage
Multiple storage devi ce totes 600, each housing

%89%@@%&?@%@8@ B eCesiagselexise (700X |y pl aced in the
@t;deng P ORi sbin® TP BméM1fioh§, RS uBImatd AtdnQdrdPthoaRdu R viRd

e tote nover 430 to its respective presentation

@wiwia&ﬁ 780 disqussed abowe whighaliepe ﬂt@@tlt@ﬂﬁkéé@ﬁ&paﬂ?ro?ﬁo to
SRR handWSERIMERI 4 Srli@le §t§1ra%(é @év{bgs 57()() dnl®r SHRALRES ice

device testing system 10 In retrieving one or
rgnworers Ope Ipr exannle dhesatum@g@i ttﬁ@sm:ters209@@n fatiicve esd ¢angy,

oﬁg uﬁ@sttm%rﬁ)%eg%gircg%(y in ar%@drééé@?%\é@%{rrgggdr%g Slédglgel@w &{Eaa'irﬁd

transporter toretriev
72073 of the maspOlafoe 700, afid dehivar the sntestddottorddeOlchioe §@Qtoiariesa

sf%‘t) 510'3 QAQ[)the t‘félgglo?g ]%()u?’ﬁ %{nagﬁ tI%H%)eHthf(})g r%%%? ? gtioéagg celczv(?c%

rieve vices

ttﬂaasp@ftafssgtcairymgm 4G tamgt cteauce Ot dmaeﬂ;ﬂ}oima]@etesj slot £, b&XOre
he st ce tra orte

et O R S e bR PP g e Pt Sl 08 B 500

deb itheaest t1be3 19tfor egmg d@kd agorhatahsmopdrer 2(&?(Etﬁerc<aaerhwrs 33

t he storaede 00. to the test slot 310

BT S1oR4R JoT TGS PSRNy PR SHE G TS BPEE EUEA co

Q0Qinhesisedaydcl Be totEesdi 1€ ehoHicd ol e a@ﬁ)n{a[eﬂﬁﬁlﬂﬁfoh@tf
550 and the test slot 310. In sone exanp
d89 pargririgye Ideagy bwwéesaeé\ﬁf%%etd@‘gﬁ%spﬁé}m@@ og swm%mﬂﬁ%

786 bt b HanBdBtor 700, and then deliver the two untested storage devices 500 to
respective test slots 310 for testing. The automated transporter 700 can then be
actuated to retrieve two tested storage devices 500 from their respective slots 310 (e.g.
by engaging and removing their respective storage device transporters 550 with the
manipulator 700), and deliver the tested storage devices 500 to a destination location,
such as two receptacles 620 of one or more destination storage device totes 600. If

one tested storage device 500 passed the storage device testing and the other failed,

14
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wo poovhz938mck 300,

i ncludes inserting the storage device transporter 550
carrying the storage device 500 into the test slot 310

bet ween the storage device 500 and the rack 300. After
testing is conpleted on the storage device 500, the
nmet hod i ncl udes actuating the automated transporter

209 ntmeJ Ye§lidcb &Ml fres RSO NAS A&l L ARRR B0, 8LcPDDassed”
carrying the tested storage device 500 fromthe test

stogee de0caHing B rnd er ﬁaﬁﬁl”tst%ag@ detiggost@Page devi ce 500
bask to a QQéhhH@£MQP7&ﬂﬁﬁkkﬁQau%ﬂ&%d%%n&mﬁ@%ﬂb@@ﬁb@?
storage device tote on the transfer station 400.

It ltggderatonappilaviash § 4 andf@s storalge devagerapa@rign ¢ 50 wathivrthanserege

t

SRS e 0Bl aniI B SATULRISILLO BBy
tnmngnbtdierpabksif osly dianBh@ onagoiage cﬂem;e ©88 endiretogagelilevice
treaﬁ%poﬁero%g g%l 9?19 r ?%eglggr\éal)l(sgd ﬁ?xellglh % ahlows %%I‘ %atg pﬁanklllng %%th%f
ammmawdmgnQMEmamomnmnmﬂmnmanﬁwoanr 200 to deposit the

TR Gepokrtfny T ABTneTu sk Bo GafRl Sogrufen 1

a8 bt Dadersivdl it &bl n{odif@atidn® nay $t ﬁfa&@@ﬂhi@ﬂ dgRrting from
receptacle 620 a destination st e device tot
ooy TR epesk fr g RS AR O Bl B RS Eb eifar thin
shecage fliRviotevial0lafur testing (e.g. fromthe storage
devi ce receptacle 620 of a source storage device tote
600). [0054] In sone inplenentations, the autonated
transporter 200 includes the manipul ator 700,

di scussed above, which allows the automated
transporter 200 to retrieve, handl e, and deliver

mul tiple storage devices 500 and/ or storage device
transporters 550. For exanple, the autonated
transporter 200 can retrieve and carry one untested
storage device 500 in a storage device transporter 500
hel d by one arm 720, 730 of the mani pul ator 700, and
deliver the untested storage device 500 to a test slot
310. At the test slot 310, the automated transporter
200 renoves a storage device transporter 550 carrying
a test storage device 500 currently in the test slot
310, before inserting the storage device transporter
550 carrying the untested storage device 500 into the
test slot 310 for testing. The automated transporter
200 then delivers the tested storage device 500 to a
destination |ocation, such as a receptacle 620 of a
destination storage device tote 600. |In another
exanpl e, the automated transporter 200 can retrieve
and carry two untested storage devices 500, one on
each arm 720,
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730 of the mani pulator 700, and then deliver the two
untested storage devices 500 to respective test slots

WR1®9fizn38t est i ng. The aut omated transporter 700CT/HS2009/040795

then be actuated to retrieve two tested storage
devices 500 fromtheir respective slots 310 (e.g. by
engagi ng and renoving their respective storage device
tWweRAsROtL aNgEp38: Wi t h t he mani pul ator 700), and
deliver the tested storage devices 500 to a ) )
dest i Adbsthef ofdRatPHRg stersgn derdces (MP0) wiipratorags deder igfting
QR&eR {1007k HERd &ﬁ?ﬂ@iﬂgst orage device totes 600. I|f
one tested storage device 500 passed the storage
devi cectpasigg pmautemeted Hensperts |(2Q()gtq reidicyhayltiplgytopge gewessd
[ ' i hation storage device totes 600,
éﬂ%ﬁb%$$%§géggﬁﬁ%t%@age device tote 600 and a "failed"
st or ageuatiey ilceutontagd@ROspofto036]) tT Hdivimaeuch titratvod stdRge
l]. na [ r, 2 el ti
PG o N8 bR BT SL 16 LoBRhabR TN e ekl 61
2bdtoingelt caclt heragt devag €500 in therch@stivangst sips3ém. 100 t o
acconpl i sh nore tasks than previously achi evable by a
mani pul at or capabl e of only handling one storage
devi cehbMethadnof d4imstt, Arrthgecolgvisi@g: t ransporter 550 at a
time. The increased flexibili allows for path .
ol ann Pt B Tera R ot A dgorge s epes dhvie
ittafspoRMe0l;s. [ 0056] A nunber of inplenentations have
been described. Nevertheless, it wll be understood

that 94raiBESCRiRidEPYRECHRJD R ratigye thestarpgsdevices (500)
%@e@@i{téd ekt ARy B P Eddhtof BRAtopELRRBVIBSs (5018 wiihg&hasmEe.

ccordingly, other inplenentations are within the
Stosse deyice Faspastersdi Hoanel ai ms. WHATIS CLAIMED IS: 1. A

met hogctﬁgtintg E@%fo%{afédqgm%géra(g@mqg MdiReSthé ?tgpa%e Witk n a
storage device testing system (100), the nethod

¢enpeltes 0). gechiraty g oanofihe varaeedrvicen(I8pb ko the reggdye
Q&tgg&gh%_e mul ti pl e storage devices (500) presented
for testing; and actuating the automated transporter
(200) to deliver each retrieved storage device (500)

' . . .of .. t '
T R ST
(tﬁﬁ@))ru}m (330eintespeetiivaedt e]s;, eﬂ;gagtng(tl&lda)riedztoraﬁeelem (500D

of..claim.1, further.conprising: actuatjn e, .

S GriRra e aepiSF pBe Bk A fe BbY SblsRHal O ipserca
stopdgagevicketvingoricrsa B S) @Edvatisg {160 of tait nggletting tédnelots (310).
automated transporter (200) to retrieve the storage
devi ces (500)

4, The method of claim 2 or claim 3, wherein the storage devices (500) are
present in at least one storage device tote (600) presented to the storage device testing

system (100).

5. The method of claim 4, further comprising actuating the automated transporter
(200) to retrieve each of the storage devices (500) from the at least one storage device
tote (600) with the corresponding storage device transporter (550) by positioning the
storage device transporter (550) below the storage device (500), lifting the storage
device (500) off a storage device support (622) of the storage device tote (600), and
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presented for testing by carrying each of the storage
devices (500) with respective storage device
W@ e@aspsst ers (550); and actuating the aut onmatRBCI/US2009/040795
transporter (200) to deliver the storage device
transporters (550), each carrying one of the storage
devi ces (500), to the respective test slots (310). 3.
bt%éﬂgthla%régé dedied (m) vin fdlstongde d@@E@t‘tén‘ébcﬁ@rg 8P4l dyebm
he stora evice transporters (550) into a
ﬂesﬁea%%#ewté%t«@ engagi ng the carried storage
device (500) with a respective connector of the
storage device testing system (310), the inserted
$t or agbe aethpé ef any f s draceding @515@) wiare it aytpriatadgignpoger
gesg 4. The met hod of
g?%?%? or§% hﬂlu%ﬁ§dﬁgr§) r&ﬁ' storage devi ces (500)
are paeeemmhhmbabWWéast one storage device tote (600)
prese tin
B ThaNE R eIl SR TR R b Bl el Bt (D) ang
talrengad iroamtbetdnttatla ivsyhepddeson fi 2 00jon twathrredpedt ev eack athlar, odch

the s devi ¢ 00), fragmthe at |east on

S ErRgEU AR LaFRr{ ROc et Th S Lo EES SR Rgroporte
gssm.age device transporter (550) by positioning the
st orage device transporter (550) bel ow the storage
device (500), lifting the storage device (500) off a

St or agemERy FerabPPiag ktof82 ddvieh (3008 wEhiahAGRagd A¥ViEEtesting
tote £600) andcarrying the storage device (500) in

Sheers { 003 Jis meledonrigAgpor t er (550) away from t he
st or ag&uARY bk ButbBhed (8RPdrter F2007 HevinEL Iﬁﬁqtt)tﬂitoﬁ(ﬁm)q{) t he

precedi ng clains, wherein the automated transporter
(0o Aoished serage feyite 0 peseterdoy teygpie maﬁlgula@r (700)

nghgconnect ors
B ey T10) andl

ar r ang@ting the agtaytedrirapsortyr (V0QHa gdirectbafdtinyednteticd
\Motr% rd@vcipeeﬁb%)ttg a ?@%g&n@{: Q@trs’lot gﬂﬁ)& o HORES g@ Hev(c%g%}lng %lsﬂe%

confi gur ed rele to a storage devi

t( G gpbinsast th¢ BBOYed sforagh dtmtch @0 pifn its resnectize testradpt $3 160 &ye

?§% ces (500) within a storage device testing system
E% the met hod conprising: actuating an automated

transporter (200) having a mani pul ator (700) to

retn

G ERITE A  E

a manipulator body (710);

first and second connectors (740) disposed on the manipulator body (710) and
arranged in a substantially V-shaped configuration with respect to each other, each
connector (740) being configured to releasably attach to a storage device transporter

(550).
9. The method of claim 7 or claim &, further comprising;:

actuating the automated transporter (200) to retrieve a storage device

transporter (550);
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being configured to transport mnmultiple storage devices
(500); and actuating the automated transporter (200)

W@ 200d@29382r the retrieved untested storage devPCEUSEHOD)I40795

to a respective test slot (310) of the storage device
testing system (100) and insert the untested storage
device (500) in its respective test slot (310) for

t esti RQuat@g thENGtoMRtARnGortS] @OMNtd retRE KR itk 38 storage
mani pul ator (700) conprises; a nanlfulator bodnﬁ&»lQ%;
w1

fdeyisg (SARPreserish £ doimedt ey ing thryntesfed stosaeg deyice
RN R AHOe RAYokel 1X0):aRd arranged in a substantially

V-shaped configuration"wth respect to each other,
each edvatiag therauforney taspetierd@vd)ity delvdr the stowke deyvadsl vy

fi‘ﬁ%@ﬁ%ﬁe o(?so;jltéihgfrgg&ti@@#kt"s‘?ot fpsporter (550). 9. The

aim/ or claim@, further conprising:
actuating the autonmated transporter (200) to retrieve

to ' 1 rter. . : ting the
307 omaee S by b RASE G Fhnr BB L MR P B o
staospage (A8h)iige a (SPEYIvpresssbnt adadigy tht estiedigoye deaice yi00Q
th tested st devi 500) .with the st
R AT LN
tstoadys [dovitetran(ZM)s (580)gedviidieg clodue: Etthiageeckereiteseslots (310).

transporter (550) to the respective test slot (310).
10. The method of claim9, further conprising

iimser Tha@ethb@ oSdlAmaAY & heRMi thCultésASRREdeIevicSH0)) ik PreSern@in
respectjive test slot, engaging the carried storq&;
detars deviepitaiPet Prespriedhadiis Sageatsiise fstinopstend [0V).
storage device testing system (310), the inserted
storage device transporters (550) providing closure of

tiRei r Thegipided piaimeds fugthertcompgaipg actyating fhealipgradd of
GlafpThdh (24H)§6 RhifbvE E&h%@hﬁ%lo?%e%%%gﬁw S6GRe 4200 orleS

present in’'a storage device tote (600) presented to
tstogags orieyeted 690) ovthttesearisgposying stntagd d)ce tRSPOTRIR(550) by
50 Gt Qe FbRaClsTee iR cTOTRLY D ERGREL AR S e
shaortages diwiee €98) (f506Mprae demitehraprirt (622 thenwragededgetote

C - [ S
) e b A7 Pt b Bo 3L R B R RAEL 550
aevy fremtthanepgr desice (@S®P0Pel ow t he st orage devi ce
(500), lifting the storage device (500) off a storage
devi ce support (622) of the storage device tote
13. The method of any of claims 7-12, further comprising actuating the automated

transporter (200) and the manipulator (700) to retrieve a tested storage device (500)
from its respective test slot (310) and carrying the tested storage device (500) to a

destination location.

14. The method of claim 13, further comprising actuating the automated
transporter (200) to retrieve the tested storage device (500) from its respective test slot
(310) by actuating the manipulator (700) to engage a respective storage device
transporter (550) of the tested storage device (500) and carrying the tested storage
device (500) with its respective storage device transporter (550) to the destination

location.
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waelewpaze3sdt e (600).

(600), and carrying the storage device (500) in the
storage device transporter (550) away fromthe storage

7-12, further conprising actuating the autonmated
transporter (200) and the mani pulator (700) to
retrieve a tested storage device (500) fromits
respective test slot (3 10) and carrying the tested
storage device QSOO to a destination |ocation. 14.
The nehaeathed olqlaimmads Burther goprering aipting theguieiatedt i ng
R pBHEQPET) &Y délfvglg%l)é) Qc%‘n‘agé ddvi@Q300) arkiBd by ﬁéﬁ%sﬂe@@vletsfo?&g%d

storage device ( romits respective test slo
8y tramgpester (R0} tog redeetapha ndI9U bha dastigarionytorage derdesgetca
Q&ﬁ?ective storage device transporter (550) of the
ested storage device (500) and carrying the tested
storage device (500) with its respective storage

ic r.an rter . th tination . .
180 ot AOCREPRYEhSbp 3 Ggt FoihF (RBF MRk fillhme device tesing
e (0N gheasdthiat dongrivihg: aut omat ed transporter (200)
to deliver the storage devi 00) carr.li by .its
o pett et SrapRE Ao FhoL M Ahlhslortoy' S
Erggig&ta&?ét&td;@@):vi@é (sag)jl&mtsédri?bifm te3t DStAPYH) deglb s@rdgot e

)0) . . od of trans ing storage devices
H80E8 vy en g el v T e SO ARG 4 Feses
tohgtgretibede eames (Pong: actuating an aut omat ed
transporter (200) having a manipulator (700) tq
ret ri aerting fhergtomafed tianpogen/ PR to desr he tRbidcyedl firshstorage

fdevisd (so@sth a%&hd(e@tsl&_x:«smp; the storage device testing
system (100), the mani pulator (700) being configured

to trasspeethemyiomanddrastnorteidé0Qde redeaye pseopd staresudtviasg
t(gtﬁ')) %EQH@&_@%& b4 RPAN ())e\{lhi(e_?cgggfin% %eqﬁét's%%[getdgﬁce (500); and
retrieved first storage device (500) to a second test
sl ot Quaing thecutearaiadgransperten(Eehee axdert tha fisy sforage d¢v2@0)

AR TAS B Koy RESADEYT) QRAPEAEE GEscEor 2 #0500,
storage device (500); and actuating the automated
t.rans . 10 | t irst storage device
6200)E?%#%&?ééggéggﬁdﬁgég%mgﬁggn%S10) mhilegcarrying
the seguniulgsteonagetadennge(tt0)0) td delivihbe meddvodi sabnd

claim.16 ther conpri.sing.. actuating the autonmated
fkgﬁ§SSW?%&Héaﬂgffﬁ%%%éﬂpvgﬂntﬁé'retrieved second
actuating the automated transporter (200) to insert the second storage device

(500) into the first test slot (310).

18. The method of claim 16 or claim 17, wherein the manipulator (700)
comprises:

a manipulator body (710);

first and second connectors (740) disposed on the manipulator body (710) and
arranged in a substantially V-shaped configuration with respect to each other, each
connector (740) being configured to releasably attach to a storage device transporter

(550);
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wo pentIsshe second storage device (500)

storage device (500) to the first test slot (3 10);
and actuating the automated transporter (200) to

test slot (310). 18. The nmethod of claim 16 or claim
17, wherein the mani pulator (700) conprises: a
mani pul ator body (710); first and second connectors

(740) wﬂééﬁQE@ﬁaﬂgulﬁtbﬁ 7U@)ﬂfaﬂbﬂo@tts ﬂ{e fﬂﬁq}{d (bRl st@Bek devices

arranged in a su tan V- shaped confi guration
WHA0 1 @sisenonding reé@a?é%blso%tﬁ*éhed steosrgs dewpnsapicrsrady): bei ng
configured to rel easably attach to a storage device
transporter &550 wherein the mani pul ator (7 seé

tlPans pbe methpgef ey 10§ elaimnol 6s ke whereistt deyegcdisvicees 09)300)

Pl AR L AR E Ol SRR AL A &L LRSSy PR P AR
IgedBg codhetaige dehiec SO0 iagernd el ihe &t (GO FB)1 0 peaanBisesanderting

?l%gc(rx));'r%gpon@ ngﬁt&%r ( ggvr?cer%ld ?p%rtgr @5@%%0 QI%Vrles %ct e%es?ﬁgt((gg(a)

i nser
iengagingrike @fmetdrse)rngsiewsé H08) ‘(vi%liﬁ))esmnm co&eez:tormﬁ thetstongge

t.h te
e S LO00L IR, SR B Pl RS S e
Qaarsﬁneeﬁnﬁeg{tea@\e:tei@glbc(elo)SOO) with a respect ive

connector of the storage device testing system (100),
the inserted storage device transporter (550)

ROOVi didigagd del 08 tekengllstbh$10086RBEHsINge test sl ot (310).
20. A storage device testing system (100) conpri sing:
an aubbeBged FaRyEF t29P):(200): at |east one rack

(300) a@kdson2asckabomtarhiRd abs e mtaﬁ%niareamﬁﬁ%h@r(zé(m&)
for 5 access by the automated transporter (200);

defoes By tbe puemated BrspErer (39):housed by each rack(300),
each hﬁﬁ%l&kﬁ%lo(sgim) hB&e8y Eé%'ﬂfré&%!fo@? @ tEs@ Gl Qé?O)aoemg

storage evi ce for testlng ransfer at’i on
(canfpRuresltp sageieel aﬁf@ragad%%SW forrfestiagt omat ed t r ans por t er

(200) a trtall(n}e rts{aﬁ&'?%g{)))o?{a?%érd%r écégg)oy H{e gﬁ)g{a'teragraﬂ%loh I)

storage VI Ces estlng a nanlpu
(TROOInsat ttatishedD) presénting atulsipde setaga @msp@qso@)rfo(@m)g, andhe

g?g:r gge%ggﬁla{ozg%}%%ﬂ%ﬁ% %H{aﬁe‘a tJaQSéo%gér{/d kaée'sf: ﬁg

syasipaiatdr 100) bahg cdndiignned @y candyemeiipie stbfagesmfmmm (H0Dr

21.  The storage device testing system (100) of claim 20, wherein the manipulator

(700) is configured to releasably attach to multiple storage device transporters (550).

22. The storage device testing system (100) of claim 20 or claim 21, wherein the
manipulator (700) comprises:

a manipulator body (710);

first and second connectors (740) disposed on the manipulator body (710) and
arranged in a substantially V-shaped configuration with respect to each other, each
connector (740) being configured to releasably attach to a storage device transporter

(550).

20

i nt o tPET/DE2089/040795
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(700) is configured to releasably attach to nultiple
storage device transporters (550). 5 22. The storage

waelewpaze3sesti ng system (100) of claim20 or clBCHUSD/040795

wherei n the mani pul ator (700) conprises: a nmanipul at or
body (710); first and second connectors (740) di sposed
on the mani pul ator body (710) and O arranged in a

subst apg @t@dalga/devio% h@ﬁﬁgsy@@&fom%ro@aﬁ}o& cmlﬁlbz(s &5 Rafkteit @e
each other, each connector elngmcon [ ured to

taneerssPY (4000 eumprises wragsiSy %t@t@nd@vr?% P)a‘r%ﬁgﬁr@@io receive
GRP @pp@r’% multpRe §$ @&%c@ 8dsG60d) §Sh tn%gsnﬁfﬁéﬁ B chW seRficing

any cl ai ns - ereln the transfer station

(b3 ) augamapad; t@@sooatelt @a@bsfvbwel@temh striageslgsicn tptq @9@)comprises
ot

G b BRI A SURRRE fechesRlR) SR o

sechhioosarptiryed deeica(i0®at ed transporter (200), wherein

each storage device tote (600) conprises a tote body

(610) defining multiple storage device receptacles

(620) configured to each house a storage device (500).
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