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STORAGE DEVI CE TESTI NG TECHNI CAL FI ELD [0001] This

di scl osure relates to storage device testing.
BACKGROUND 5 [0002] Disk drive manufacturers
typically test manufactured di sk drives for conpliance
with a collection of requirenents. Test equi pnment and
techni ques exist JTORAEH DB/ ICH PESTINGErs of disk

drives serially or in parallel. Manufacturers tend to
test |arge nunbers of mul t aneously in
bat ches. Di sk drive tegﬁéﬁﬁﬁs‘g@éﬁs typically include
one or nore racks having nultiple test slots that
recéP¥d 10 dTlgkdla#qsveselarteﬁmﬁte@sq deyjice ef¥@3] The testing
environment i mredi ately around the disk drive is
closely regulated. M n| SEmepat ure fluctuations
in the testing envi ronmerﬁ are Ccritical for accurate
t esi00&Indi t | Bwlsdrimeanahuincterafs dipjcally testhendhairedidiskvarves Hhe

| at g5l R0 R LRSicRlor el EPequ WRESIENSiLEBEE

capaC|t|es aster rotatlon spee
95 fr @amarl?é&e nugbers pidisk diwesserigllyer ingpag]ielr Mahefacturgix tead to

Vi be@ldn@hufBbks Qifcﬁ&%véﬁﬁnﬁlﬁhéoﬂhj{ In'ta¥éhesObisk @be tes%ﬁgl ts
and the int eg{rlt of electrical connections. Under

t estsEBhPirtlyieclide gae orapare eeksthavngayliele teéféwtsﬁh% e e
VI bdig drivBsfod tegtipgh supporting structures or fixtures

cent |ts Thi s vibration "cro

t oo URE I Hhselis s oGl By e ighorves cosel
c 0 rntegulehul Bﬁmmombmmraams ﬂlﬁc&;atldile aflthe teapxg a@mdronment are cnncal
nong RO
l o V\fé:»r & uratte ttcsi; 0011%#" iong anocf fonc r a%fe tﬁrsgcndﬁ 5 ?H‘?IP %ét g (?re;(tlgns ol}
[ 00B<K driCem wblnh haye dighachnaeitive Estengtatigret @msis emjpmailer head
aut Q%E@ Bre A2k S%Lsﬁﬁt%%‘&lgzkmns DAL %béﬁ St G BerdcPRL retiabitiey
contribute to excess vibrations in the system and7
r ecitfiteseresulip ansd the igisgpy phelectricg] qopragtiony; deed feptwenditons, |t1rrg
SY Sk:REPthahRReB8 pﬁBag‘ﬁQQr‘i}:ﬁﬁﬂ%ﬁs ﬁfou%}fﬁiﬁﬁf sBdlred & ﬁxtures

i ndi vidual ly feed disk drives to testl ng system
f ortO@%Jécterlﬂngs 2%u8§lmwr°fscie‘b*3§ f%et%é‘”‘é%@@fl soyqees of

st o\ﬁa@tﬁmpl@mub&:eg t@%ﬁﬂnﬁ Grr&'}l SR BldpAfid ARG Spediive rBRGit (ORRO),
robottulc armff fg ng.a fir sf. axi s subtantlally nor mal
to HUFY BYw i Qe Ctiie dF Mdf‘?’iﬂsedd?ﬂw SUHBPEDl e to
rot[@om)t hr OL(ghh'eﬂ: diskeldied esting sptmaie@plog a@omz&ﬁ@)mmﬁuﬁr,al
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mul Ju!h%l:l@allgl P2l dﬁi{ erl\% Ionﬁé te&ﬁ:g sﬁ%mor téstlﬁgnf Lgur ed to
receive a storage device transporter configured to
carry a storage device

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

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



for testing. Atransfer station is arranged for
servicing by the robotic arm The transfer station
includes nultiple tote receptacles that are each
configured to receive a storage device tote. 5 [0006]
| mpl enent ati ons of the disclosure may include one or
oo e el R B oeer LABRER cary a storge devie
manig Lﬂsmgo A trapaferfstaion is @mangedfogsagacing ey the r@b@tg@nde%ec e

tr apeRey Et@tfon%chfa@semﬁmplg R k&ﬁﬁci@é e Sre eﬂh%onﬁ%?:matté fecdtl R
is operable to carrying a storage device in the

st oftagee ¢fXIFP t% t r ansporter to the test slot for

st eswoog Th ehﬁpaﬁgntaﬁo@rmgfsbm& Iaayshmie@ﬂé brdhdr¥of the
cyli nﬂrl c? F g.glo envel ope vol upe, the racks
and VREE (GHEFe 1 CRGUPRIFmEAoNy e e AP dh et anipulator
wor kmﬁgu:emwehgu@etﬂe@domgma‘mé raspotie bfit@e bthé e sro&b Thd C
n _SONE ansf er

ar
st af"ub‘c’fh‘"‘ TP g ° L Aing 3Pt°iaé%‘gﬁv‘°8mpqgr%‘?‘%§"| Vig] Tpagrer
pol jegbetes slotfor testhg Therrebotiaaing defihest avebstanbailyi coliraitinal woking

rac

o P o R M bARORL S -k B ddon LA Bl L
di swarkingsnvelape Q@07 for parvisingrey thepbetivenmn.aln soms exatipies, the
tr apsfeing & ahhR sﬂa@on%’@a[rﬁﬁ A il & le.ra&ta%%all}a&&% }t)cﬁygon about

I ong‘Ft udi nal axi s defi ned ié the transfer st
sub®e SFt i ofyfheTabatis pr- oThg rackyaey begprrtase equidispatly radisly er

St abwAfrdn Gt HEEKIsDE iHedbtli€inmSdral diffledi0idahdag t hat
def@%; fi rs} and. second op‘so qﬁé facing tote

*rec B cl es. TySAME rplemepianpsele rynsier §i3tion ésf"@Fm@? IXTPiBe

in chumdesloﬂglmmam laQif défMed binge AakfeNitAdn subs@m@ily behinaab a floor

A e e S R A R S I S S

r ecmcmefmpp@lte faridg pedentdlss. rimcateaabi!mﬂwf th¢ hansfet higionand

T
20 1 ot @Eaéﬂblmm@ﬁﬁmtaéﬂﬁbwlﬁmlmf@mémse fFdpinigteugsaiaerds y

Subghiehdeadly) %aRBleRine bihGBnd dSHnad frdink 836nd prP 9§}ac1¥{g1§,te
robotic arm may i ndependently service each test sl ot

by sepialsh SR &pig sigmales thyiolg ecd ey eropiblidennigd pee iiris
st omegﬁmgayw&ay&wsﬁmn héihal s fiffon beat i on and the

tes sonme, i errenta t he tora e device
t ot @O@hcl udeShegob c’lnﬁt""gICP %WB@”%F”{" el byr age

25 d evmefemg apﬁoazgé &s/ice aétﬁvb@mrrediwta@st&agemebnm& ofithe &hiafeng €
devi.ce. st e devi ce fece cle defi.nes a
st osrwa(illg0 e a'(llaalv? o] sg)ﬂ SI%O PPe IR ﬁqfe (e g(ﬁﬁi g gﬁ"d‘%"t“’tﬁ includes a
C e nprediodpdatining mubiplestoraze dewe@decsptari@genigent cesatiobanbd 0w
30 i n
o LR 90 1y 51 1000 ST €08 Qe e,
devionagurest te supnert & ekatralportion of etmb)ved etpiapg m:cﬁw dlowl e

30 COl MEMpEAYh b (BSs(@REE deiid Jxadgl n@n—@%l‘oﬂoﬁ%% a4 S&J;@Jx?ﬂﬁes the

devi ce supports di Sposed in each [ um cavit
of fstoragedeyire qkg(includes 4 this bedydefiping multiplqwylume Fapits g t he
c ol MimMple BatiiteYerbdMittagBilebibd¥uBpotts Q%RE&1 in each column cavity (e.g. off

a rear wall of the cavity.column), dividing the column cavity into multiple storage
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2 device receptacles that are each configured to
recei ve a storage device. Each storage device support
is configured to support a central portion of a
recei ved storage device to allow manipulation of the
storage device along non-central portions. [0009] In
SO ”&vicmc%[& i a@@g‘ach %&ﬁgtﬁg%%gwgg ytbr%? Je@i%g | E3h storage
system i ncl udes at east one conpute
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circuit.



conmuni cati on between the cluster controller and the
at |l east one functional interface circuit. 3 [0012]
The storage device testing system sonetines includes a
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actuatlng the robotic armto deliver the storage
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30 the test slot, and performing a functionality test on the storage device housed by the
received storage device transporter and the test slot. The method then includes

actuating the robotic arm to refrieve the storage device transporter carrying the tested



30 the test slot, and performng a functionality test

on the storage device housed by the received storage

device transporter and the test slot. The nethod then

i ncludes actuating the robotic armto retrieve the

storage device transporter carrying the tested 4
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testing system housed by the rack to verify the functionality of the test slot.
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performng reading and witing of data to the storage
device. In sone exanples, the 30 nethod includes one
or nore of circulating air over and/or through the
test slot to control the tenperature of the test

slot, nmonitoring and/or regulating power delivered to
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i C arns.
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mJI wb@lc@r@ﬁ@p@@éouewt@mg sgportecept acl es. [0032] FIG 12
IS RoRAT SPeCHGVR) iVh ﬁéi‘ép@étw@vfe@to% Ravipgdaant il evered

st or
[00?1 FIG 11 is a perspective view of a tote defining multiple storage device
receptacles.
[0032] FIG 12 is a perspective view of a tote having cantilevered storage

device supports.

[0033] FIG 13 1s a perspective view of a storage device transporter.

[0034] FIG. 14 is a perspective view of a storage device transporter carrying a
storage device.

[0035] FIG. 15 is a bottom perspective view of a storage device transporter

carrying a storage device.



devi ce supports. [0033] FIG 13 is a perspective view
of a storage device transporter. [0034] FIG 14 is a
perspective view of a storage device transporter
carrying a 30 storage device. [0035] FIG 15 is a
bott om perspective view of a storage device
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St Og 1gigally encoged data on rapidly rotating platters with magnetic surfaces. A solid-
state drive (SSD) is a dala storage device that uses solid-state memory 1o store
persistent data. An SSD using SRAM or DRAM (instead of flash memory) is often
called a RAM-drive. The term solid-state generally distinguishes solid-state
30 electronics from electromechanical devices.
[0042] 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

system 100, A continuous flow of individual storage devices 500 through the testing
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digitally encoded data on rapidly rotating platters
Wi th nmagnetic surfaces. A solid- state drive (SSD) is
a data storage device that uses solid-state nenory to
store persistent data. An SSD usi ng SRAM or DRAM
(instead of flash nenory) is often called a
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250 on the floor surface . 2pe destal or lift
actuatmg support 252 is operable to move the roboue arm 00 vertically with respect

30 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.
A horizontally actuating support 254 (e.g. a linear actuator), also shown in FIG. 7,



i0

15

20

25

30

250 i ncreases the height of the working envel ope
volunme 210 by allowi ng the robotic 25 ann 200 to reach
not only upwardly, but also dowwardly to service test
slots 310. The height of the working envel ope vol une
210 can be further increased by adding a vertica
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insertion in the test slot 310 and/or tote 450. The

vi sion system 270 may calibrate the robotic arm 200
by aligning the robotic arm 200 to a fiducial mark 314
on the rack 300, preferably the test slot 310. In
sonme exanples, the fiducial mark 314 is an "L" 25
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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

i mpl ementations that include a vision system 270 on
the robotic arm 200, the fiducial mark 314 may be

| ocgbige &Qic@ﬁ)@uso gé}ﬁle%ra IR ?BQ&@Q@ B gﬁ%’égﬁ By an o(?eraton)]

receptac es 454 to aid gu
i n Peskatpding pRyition aessibl Wuthﬁgoaqﬂe prapR00d & the @@n@@@h@wn tdvh
t r a R}'&f Bdeivet @b'l%taﬂlgg betw{eg'pa'sﬂ'};t phbiford (6.2 ns%fv@ﬁng%ﬁh&rg th al 0

, in sone exanp i ncludes a station housi ng
t h afecﬂ‘!é’fﬂ"ﬂE%“ (&Sﬁ%?g?*flm Wayle ipthefirst pasitiqn, an eperapps isprqvésied
5 I‘h eC Qdc¥R E(Sthélﬂl@; tade @ecéﬁic@elt 430 Yand @E%Uﬂioga aﬂlﬂ;‘rﬁl(iz) r&x@aﬂa@d&ss on
ougl n oI exa e on a extendi n
o S 5, 5ite St sspprasci BB SR b it gpiim e
420rabratc arm 260 & prrvidadiadcess iheifiek a:ltc :'e&ﬁ(aﬂs ttmpe ammSpéradt @
412 Jlid ac&s% Dnmﬂgoppo ite S}% % Lﬁ' nE z&? Igsep lef %{i@l \Aesta rg's

def Pnes SeESiNa oppo
I eceperaeios maﬁmah@haﬁ%taum 490y lmdmgphbachhmm 430Hato
t r apgf, 143880 A

oL BBt a0, (A4 0P e IGRE AR 86 AL 3y 40
i ndBgsasrgerie fojes A lamvélﬂemferrmpt@ﬁ@ 439 pean eppesitasigle pighat e
a I RaBfey Sstion 46 B gawm@&uing Sofad GvitaSopet ween a

serV|C|ng position (e.g. acceSS|bIe by an _operator)
andl®3Hest i nfregpasiespHonIA0pEyidss dsepyjectnaut %Bﬁtvpl@lga?p%
2 ooren-ienmg Etera@a@ma&ﬁoe ROME frofiaBd ktorAgRldeviécEtiny @fsteﬁzl@o | Bhe

bet ween a fi,rst Slt i on ser cin
5 pos P SRt Srorudap il et pidi g ot fr
Whi hrel fiom théi@ankfer g4tiop 8@0. tTh dia exaiplashewRindiGi 19, ﬁtmwitdisd tHat
AR Beclibid 5y Lol hL £ L RRePhAhE LM RUINE

robot1¢ access on e opp
Si décsngnat@dﬁ_e syeEdetds 4566@' snepbyeust strcdge d4B8@B SO0 teging or dshe
S eC@eﬁf#naHﬁ(ﬁo#eE 244 fBlh’@CCi\r r@%@sttéd%t g@dgvgc%s 5&) M }ﬂagtﬁ)qotes 450

access the first tote recep tac an operator
20 j s mpy bplaguedse Cersied sriurp FPéBS e &led eetusn t‘?é’s t @f epavisecond
t Ot RsgeBifiRRIoAEE EicAB5B that\Bavd eﬁ}%§gds§ed or BledOPBARLRMin/BY,
service the transfer station 400 by | oadi ng/ unl oadi ng
t ot &6 nto 10 tote receptacl es 430 on one side of

t he[ot)mnsf erAatnatng ﬂBor4l@@1.s p%taklﬁoxtslﬁﬂabﬂm{@&ﬂe& tohdBradOr
SS. t recept acl es 430

on siiliog Bhie &5 %“id&gan"F ﬁf’epm‘t*?' a‘i?%‘fﬂ‘é’i‘ a°§?safq B OUBere %%
25 | oaﬂcapgkhmmammger&bmpa@ehmummoﬁm asgolibied it b particular

tr %F’e elvgr ﬁﬁb L9308 acé n?uag A 90\(& 495% nto th&s’: ?ers\”cg ve tgtg T n%wz;c e 430 'ghe
del1véring nd retr st orage devices 5

fr outnnsﬂqrest@m#%eayd:wmmuteémhoﬁrgthsgcaieetmem@recam 42015

t Ot @Siofta? witild HV4:8R i ARAGHRERTA E&l@‘?‘s‘ yer and retrieve a
batchmaépstofage dngcesI% 8 to aﬁ?lfron1the transfer
st alPBh 400.Inpeme srampley ﬁbﬁl%ﬂ%ﬁ@%q 490 [icimdesiagtatipn whicator

30 t Ot £134BRntRAdes 1iSuaPaSBSS oPbiBerfréco lzragfé Qﬁﬁ&lh&ﬁ of &e®r more
receivers 420 in _he second posij

desTaFaf B ra i g 0 o ege mp%eothe %‘iﬁﬁ Mqa@r &18gpchyles

deviighege. £ ABDF 9 that RG4S Fhddon@Sr more tote receivers 420 need servicing

(e.g. to load/unload totes 450 from particular tote receives 420). In another example,



10

15

20

25

30

destination totes 450 for receiving tested storage

devi ces 500. Destination totes 450 20 may be

classified as "passed return totes"” or "failed return

totes"” for receiving respective storage devices 500

that have either passed or failed a functionality
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ul 153) ﬂ&l@p@;t%%g%rig@éﬁ ﬁtﬁts YSEIe pﬁ@g!oﬁl%e ge@fcgs%m%ﬁ Qreage

devi'ce recefp 454A is configure ouse )
st dradeverdvifegcagoll 4178 efffhecobynnspyie 45HhcHre storage deyice
deVupbri @SeE @€ Agt@td sipp6it H 8@Sralfhosilol S6DEr iR storage

support _456A confi gured suppor t central portion
50 2XYFe ?‘ﬁ)éo Pl o et deuce 08 {ope B ostyal
manjopithat THeRantilverkd ithagsdeticagppaevis 6 alOOre ik @M §f storage

non; centr al rtio Ta renove, a housed stora
doviZERH bR i R85 v b B e G PRE BBl I e o
t heshewmdY@. 1Gkinioca empyyrssypage tevice récsflacis4 9BJust bdoveahd lifting
bel : V] i C.arm
Do 8L QUSR0S 0 G NIk

el edcarasdeties rhdeptacle HedBs (Tbe sy sttevare p&OQ infeferef for depositing
St Qha96aAMliEEs0BUPRP e 488 AAs IHIGnShOPAGR sHPNL G6vice

transporter 550 is then renoved 15 fromthe storage
devPeaiapie 345t i ecl calzmmeaity FEBafefigmiy te felliptegeneyel of 2
deVide e acef 00 horB&] ih MRIsIrde® dévidleskhindd 4B abseget , such

as a test slot 310.
gonsequently, 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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[0055] In the exanple illustrated in FIG 12, a tote
450B i ncludes a tote body 452B that defines colum
cavities 453B divided into storage device receptacles
454B by multiple storage device supports 4568. The
storage devi ce supports 456B are 20 cantilevered off a

ol | 4%&rﬁﬁg$@ﬁ3§qugﬂn§tﬁYée& dﬂgkgﬁetel—trkﬁ)t?ﬁﬂf:age

deV| ce supports 456B are configured to support a

c entoRAsuTHldP Fecelte Bpsiomse detise rasringePOs it dejese dgEts ce
500rdngposth:d sswlmﬂﬁgwda& febdiveQthe JidtBzeHeAEAO aflEM RRAIRDS) the

al on non portions. The cantil evered st o&gg
deVicE¥ ’%ﬁﬁbg “%5‘8‘8051 FB‘W%%‘%"P’P%WP%W%S@%%OW m
devine @5thb 6k sfatsAT it tHeabtdt 2WABghyy sratbirpl drivthetvisSd cApRUQ,

ot B BatiRS DL Bl s nbats o R0 B pren i i topor o).
bel ssillestted inf RIGNL, the hieragd: dnving Gardpariec £506500udos § frane560
st o&eﬂgﬁ g&‘{:'st%&aﬁ B’%ﬂ ped ?}Z% 2@1 fo%ﬁémoﬁglde&/&g %ﬁ |3§4 and a

storage evi ce r me step sTare
r eperst pidie Pob thm@lles@vefymﬂow disdmimeiSpto fit proumnd the ﬁfg@gediewq: e

50 Osubﬁbrtt/ﬁ@ it €34 ﬁ)te‘L@@ §o thﬁ%he%#@él&% deJ:M@o&&@S@ EEBrb@ %ved

devi ce receptacle 454B in each col um cavity

| efe-geiipthe rP‘?S’tlF Al $q0i itoc Rogiigsy/paneadt ong obthe §tf>1@s%<§=éwes 500

deviiogd2Deheb0 1S Gt@rakg@ddvﬁe rebpdich @50 i bre ST Dk 86Hage

454B above it.__ Con uently, e st rage |ces 500
mus$evise USBRYEE A @‘%‘H is 8%&%@?‘5 g r‘““’f‘ﬂ"sﬁ“’“

paréngchﬂgane Réthgdtavicd EDOEMSEmEa IFEE e sthig Hende sthiarid4bgyin
chieved than the tote solution shown in FIG 11.
o856 Ref err i ng to FIGS. 13-16, in sone exanpl es,
t he[OOﬁS}t s| oWitB @ stomge dwitk ﬁ@ﬂmedce withie the ifreme f¢dof the
st OM}% eV %@8)‘0&@“5%9 d Frag2 W icet fQ's38 dciﬁ‘é’dt

tra rter |1 S CO I gur to recelve t st or
devdeyige 5E0ogpgr ¢se bh seukidd tpyroldtie arny ZWder réacsmmt >oln onenof
US €, ea%befs 16,18 sIRWALAEIS, ij@vfh%‘?na'hfpﬁl'ﬂt%PQth en& ééé@%m to
removed from’5 one of the test slots

r obBitiatp egugtien gf a clasyping meshnign S79disgeyse M%%or@?giawg% g,

t herdnfidant b1 0rs akds @ém&fn’eﬁ ot maaﬁmﬁg leéchﬁzﬁ@n iottafokd 1Be
mani pul at or_ 21 st rated in

FI dranspgrier 330 *ngyﬁéa g gg“(ti’ Bﬁéﬁbﬁ@z‘ﬂ‘l’ IS HEPHEY O

for tﬂEst&GQe dcdieé ﬁE)I rélgiie tSbsibagy desict ttadsbcﬁ‘hﬂ;ﬁ@dluﬁzmm mngve.

56 2 e 566
r10<'5‘t'o°| Iflsert Y e %Wal 03\; G &1’ h‘famglﬁatmgga ¥ agFIPtaCtg rt%%ln d

t h ecmmwg@hwm ﬁ:@ td lessepivontdragé devicer 500 ithingliedrad 5368 0

t hat, .

(e a'ghlg, zhl\%rv%%o? g&g%rﬂcﬁﬂe%%r%g'mﬂ%%)%ﬁsﬁggég%%g):'bnlp gfn HP%EG glots

bend&t untibthe storpga dexice friame tekbndsition wib @ storeedearige PoRnentRs

of {ibensbQf Ree €8 ‘élb?c%nﬁe%&?&%ﬁs‘ﬁl)@x? %ﬁélcmplﬁ@ee&l%en 4R0.

The storage device transporter can then be raised
(e. 192y, alsgype consigrigh @tqneagsfhﬁtemt 3#9»1%%5@%@ fhprgi, to inhibit

engagieRGntloh Bie SbREAERIH B¥iss@teb O Fidtivenelowal sivbfo. of sdche
storage devi ce support 456 ip
implementations, once the storage device 500 1s in the test position, the ¢clamping
mechanism 570 is engaged again (e.g., by the manipulator 212) to inhibit movement

of the storage device transporter 550 relative to the test slot 310. The clamping of the
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15 the tote 450. [0057] Wth the storage device 500 in
place within the frame 560 of the storage device
transporter 550, the storage device transporter 550
and the storage device 500 together can be noved by
the robotic arm 200 for placement wthin one of the

t e S&an@ﬂoﬁEﬁﬁsa #Dihis ABnsd Q:Wheiprio Flie vibSatiodd i akdRy! ﬂmts%)e

is also conflgure 20 initiate actuation of

cI a%ﬁﬂﬂl& ﬁ%%ﬁ‘a?ﬁi%“??@%P deyiss dgnsporier A apd sopgedayiog P?ﬁs

t r aaGRA iHeRlin 266bth dilhSeddl baived AGbMBIhARA opﬁldmealgl vamm thd
e the _trapsporter, 550 is

nmechani 570, b
f r ofift EIHQPP Meﬁg%ﬁ EriphiD of Bee agpie mestsniey 57 ﬁﬁ‘i‘dcﬂ"%‘“‘ details
nov;mﬂmhmfcomth&bmta@e deteweaaersﬁ%awb gluhdB U.9 palsg

© o TeREEng N, 175 PA el betmbe T b Bt SIS FRvE 15
C anTRAFSRORI, CUAMPINGANISTESTAND! nhyp dovpeinaof aiithafOheraby
relﬁ&gﬁr&my?&%reﬂ%gs n'm%% 500 within the frane 560.

Thi's or I nsertion-of the storage device
t r dASIBbrt er BEGtorage devisaeSiffcan besersisive testirations. 3RiGing owitiple
t hestoszgard@ﬁ@es 46/inGQinghd Pest Iacle ﬁofana mnmégtsﬂa&hewcés%o@f £

storage device connéctor engaged with”a test slo
corfieng witingh ay wallasfe)iosertign aréi rampiahef thestdieasidevicesmosporery
al ssxohfcitapbhady ealide® sﬁﬂ&@ d6vide! 00, RS Sl RbusIdd sloR B EEIn

rec i ved %hereln to inhibit 30 moyvement of the
%16%? rafk v PL e dF spyEsss phvafesalle virptgn; nsomg C?Sﬁ% fqré&mple
s I Qine 3flfe stbxagescwehes S00plag BEsHetihOitBler tesd G@hih Bee TR agSots

d 500 the t [ .h I [ .

e O R PS ofeboleR msa A gy ooty eef b S n e
marsape leattrack 320.2¢ latmping ileistorage davice rensporteo 550 th ehe sdstl@ &0
devj ] 10.
Aoviifud KORBARTHELortiflel SUMANFpLALL I hEak 5] 5 410
c arﬂemlbfﬂ gbove; eatheky to feBicgtof kynswmtmrﬁ@y fimdsing thy contact ausire

exain ﬁ§ betRbdn e s'td?%% rd&\h&rlranngﬁe& 539 fe %1\@1&583 10 during

transporter 550 and storage device 500 carried
t hepsrtin grdremerahoichesigrass dricatewenogtrs ¥ conbi nat i on or

I ncfoygeqiual | memrﬁﬁg B Fide7, ih &ﬁﬁe lﬁl Rinerddfdns, fhelRtak h&ske
descri ption anism 570 and ot her

in
det'&itip SYB“’%‘H Q’g‘iﬂaé@as B‘WPWB‘HF‘@QQ\H%WB%@‘OH &4 theylesh
he rsmtsmmayhdo@m‘pmsmizomwe cénfigiad ®iptovida mpzlem@tcblmm ahe

11/ 59 enb 1 titled "Dl
e TR PR o ARl e e e SR <
of tvdangtysmmel 0d1eh phyer systanod 30anatiechobyr to dfeatopare deviiae tésting
t
etk foo FAORRIC TG HOLATRARN.A05. 0RLRY PR,
deveesived 80@gd devige 8(0rin the tasksbat 31 ok te@peaturedontiph pisisy he
St Qe HeMh ?%mé%@ edof teSt slot 3 M FripD %nlpa%&e%)mol el

as the insertion _and renoval of the storage device
t r ARYPERERAIEMOBE G42 (Egchi2BIAPFBPIA I qjreelale piy PYey and/as thspugh e

devih&eest 51003 10f 0Bt BRmpak | BASr h&&E 3021i0bSatcd BRietidtly 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
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the test rack 300 can be sources of undesirable
vibration. In sonme cases, for exanple, one of the
storage devices 500 may be operating under test within
one of the test slots 15 310, while others are being
renmoved and inserted into adjacent test slots 310 in
th

tr 23 r%g glgrrgt&g%&% vc1)5 ?rﬁ!ﬁ:rﬁgg)laétgs ?crg)th@ﬁh %ﬁ&cﬁrﬁ@?ﬂ@o@%bﬁﬁr&
st drags (He preghent ¢lagiouser deyonsseamplesftly Yitrationrepyad gystent 350

t handieR! ansdc@ie c3iifb] sytem WASLIPHRE darfiR) Wed con@dl IR that Ehtrols
reduce or limt vi brat i ons gy {)/ e contact and
scrADPTREIPE thiRecl 198 a8t ariehEcidd %éﬂ%%’g P &8 550

anctofnfRnitAnh with @4cs te3idfot AU, I MG dAR inkeRBEY 160 @ ronfghrada@sov al

of the stora dev ort 550. 59]
o aPRRRG Bty oot AOTREM T e Bt e, ¢ he
st dbeege devile the exaagld iflghtayd tnd?iﬁl](BOeanlmmblum@sxmdudeé @deait

e %"Pt%éti‘ﬁw%f% dog E;Oc%”m{lﬁibgn%‘h'w a%’Y'eésFo I?e%t Jk&%‘io ﬁm%&?

e contigured pro
| nwestitsyytem SR tegh whdther e stoag@dfa'g:e tegiéng smégn mné/ndwgmﬁc

an GyLORRLI Ok ds ﬁle‘%ésﬁ ﬁ&%lé %recfﬁfﬁbh&ﬁhgt ﬁr{)%%ﬂgt PhATE- t&l@ﬁ@ ce

25 testing system ower sys suppl 1 es
povissterp 600 ipdudes mlasjfer ca@wlereﬂ@ %Pwonwgfaéﬁ?%@ 620rRe

POVURL risM S bR Sio Rith Qﬁﬁﬂag@&evﬁ@ %M&ccfv@&k&' B 65t BV D, dn@a
the received storage device 500 in the test slat 310.
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pag®p wlua@rnpelmqa@muxt@ﬁ&tmﬁlgsreﬂ h:eexwutﬂraati Paprolf Seb’-a@hng
t e%urﬁlkg e moléloﬁxBS%nt%PtﬂPét fge defiSe ¥iAE SfsteN 08 0B, O

system i ncl udes passi ve ngenl ng System where

co mgs@n@mﬂse seif- tetstrfercwre@ﬁo w@@ copfiggto aﬁréor@cm HegselrviFe a

ar qu@%hd/bls‘@s@t& bﬁy(@peg)f ssm@a R Bhes ok bmPdtlehts BNEé Qbrage
el astonerjc ts ret hage el ast oner

exdliFelestng FP@“’{H Wpaﬁeo%us@a fﬂn.trelﬁer V%'P@’rﬁoé’gb‘mc%tﬁ &frfﬂ H@gg?
an t&E bikcwit 6RDAA Emémaxé‘zg emgdw Ekhea.e@ PhidhGnay damfenicat@with the

t k
oo R oL et bR 0 porpeied ik e i AT EonR s
c O reving mtvna)lmm"stlhsmhrhnme&telw/otnsmr (UART)defahlinks. A

Is?gl?zg%’gl%e su%ﬁg arl 1?3188% e| 2 e?jf aégm %gg{lrylpéuﬁ% e% fWéfilJSal

[ 0088uhinaticheovexasmpipater ¢ripedpthesat dedlice serifl pGrt. I@e bleckghtertace
r a%cﬁpééo 1%%&1 t@&onltrgla;%twg‘rt 8 %‘em%@rlatmetcﬁ ﬁ}eltéégﬁ&)ﬁé %Ha

In communi cation Wt east one test sl ot
Then@épmlml mekiplerigyt 498 drpndocsiaressdevigiéther the st or age

devbgea) t est igach a¥SI0Oh 16 ardhiey, msme@slaf le:%t a& functional
sub-systens, such as the test sI ot

f urtetiPeRIRE 637 Bsemmynication Wik pleaskrag ﬁ%tgﬂot 310" The funeional

testing system 650 tests whether a received storage device 500, held and/or supported

in the test siot 310 by the storage device transporter 550, is functioning properly. A
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system 600 i ncludes a cluster controller 610, a
connection interface circuit 620 in electrical

comuni cation with a storage device 500 received in
the test slot 310, and a block interface circuit 630
in electrical communication with the connecti on

i nt ' - y
o 5358 S} B U6 LU on MLl o 00
sucdevigs SGtuthe ppirating teimperpuis; the afpility dsneadsind weite3ier, anddiicor
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connectli on |nter ace circuit
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co mmﬂmmcmoaé wtt}hthe &bﬁgﬁ@@wd 600. Qe ﬁﬁsttohﬂgesﬁl)@iyﬁml 580.

For. O ex st CI it 6
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t e&lctctmhl@:bmmnmyémh it thefclusted q‘onﬂrcést 6 1@n Ao:mmeomoamnm@ce
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el st sipg0 and the finetiogal(nterfage ironis 66 (The Eumefiongtinpeiics circui
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co nf{mmoﬁﬁhﬁﬂaﬂim Q@widh 670 mmmu&cﬁﬁnlm 6memdﬁ’hef16ﬂal nevihee
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oot P o r s o e R el dge o] e
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f u me@rf@malso lmoe@tas HE, sxTét, éﬂ‘w’\BS VDMA emshBARD oY T 8T HA8$ h

{S%kugyﬂ&ig(%} sl ot 310. The functional testing
sys em 650 tests whether a received stor aqe devi ce
f

5000097¢| d arfimethodefpstpring starage dedceresting igplpdes pdingy
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fu I |
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comuni cations wt he Storage device 500.

f u rféqhalbfrfmm e &gt Pﬂ@%ﬁsﬁr@ﬁ%% roboficiridas supstantidy wmal toa

COMdoplirée B1ahaRnehad indlERS honiifs hlRBLEQRA 00 Rldek/AGe

circuit 660 in
storage device transporter 550 carrying the storage device 500 to the test slot 310, and



el ectrical comrunication with the cluster controller
610. A connection interface 10 circuit 620 is in

el ectrical comunication with a storage device 500
received in the test slot 310 and the functional
interface circuit 660. The functional interface

cir ohmngﬁ%nh@onsmpteg&&m&%%eﬁmm k& %ﬁ theta&hJ.@nal

test routine to the st orage devi ce
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t esPEgngtiGragevyl WE@GVIWOH&&@DW@' ﬁluﬁé’“ﬁ‘i‘ Bl tegt slot 310

30 St agy st dedibe @@%nemb eIt bRy &1 5NCKst B9 the
and_two nor e ass@g d test slots 310 are
COI’]@P@SF@@ Hoherfery dot B WANRE i ces 500

[0066] In some examples, the method includes communicating with the vision

systemn 270 disposed on the robotic arm 200 to aid guidance of the robotic arm 200
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internally fromone test slot 310 to another test sl ot
310, in case the test slots 310 are provisioned for
di fferent kinds of tests. [0063] In sone exanples, the
nmet hod i ncl udes actuating the robotic arm200 10 to
deposit the storage device transporter 550 in the test

sl Otwhﬁé-ganéﬁcﬁﬁfg tmetdiaﬂ& %B,%mghﬁa?y}g Z&ﬁ%?{f @%esto(i’;?g\é 468ce
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r et kdbed 46 200 & d WfucislRRIB AN 15 300 Qest Q5 316 Hahdtg shiGM
anot@e&vftorzgg devch rgceplacle 454 of the storage
devitELandigr 3y recpgpized iy the WisignBysem 27| i veri ng t he

5St O[GIGE) devi Othef detdils Pl featliredibingblé WRh theSelde®}iBdd n3rkéh may

i ncludes, .15 inserti th Vi C orte
550 L RRY o P eraratse T B HebBrphra 0o e
s| ot DIFKOORIVETES TING K th8 @Ghtenessdf alhich afeihagbygincpaesréd yC
con ' - n the storage device 500 and the
racE%%%gggfg%@§%§ln some i npl enentations, the nethod
i nclW@88s per Aormbargf mplémenigting hadeibean desibedo INetdrtheless, it
f oo . ) e )

"0 he gb Rl O R ey g D Rty
opetsepiftnd pore pighedislagee deworiply, athrs implmentatipns ardwithin
I eC tHe ¥@fle 54 ROSviEEMbiES, 500 i ncl udes perform ng
reading and witing of data to the 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 regul ating power delivered to the storage
devi ce 500. 25 [0065] In sone exanples, the nethod
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 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 30 by the storage
device transporter 550. The "test slot only' type of
self-test tests the functionality of the test slot
310 while enpty. [0066] In sone exanples, the method
i ncl udes conmuni cating with the vision system 270
di sposed on the robotic arm 200 to aid gui dance of the
robotic ann 200 17 while transporting the storage
devi ce 500, which nmay be carried by a storage device
transporter 550. The nethod includes calibrating the
robotic arm 200 by aligning the . robotic arm 200 to
a fiducial mark 314 on the rack 300, test slot 310,
transfer station 400 and/or tote 450 recogni zed by
t he vi sion system 270.
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5 [0067] Ocher details and features conbinable with
those described herein may be found in U S. patent
application 11/958,788, filed Decenber 18, 2007,
entitled "DISK DRIVE TESTING', the contents of which
are hereby incorporated by reference inits entirety.
[ 0068]a . i npl enent ati ons have been
descr|1§3§i§§§§P? eless, it 10 will be understood
that varjous npdifications maybe nade w t hout

depér t i S rEsHeviFHEsiag sysiem (Q0fH cepRspseor t he

di scl os wt Rast HGe¥oEt B (200)Bbiibihg 4 fRaRIEIVE PdubQa1%ialdy Rrmal

1 e A5 O RSb L Be e 0 )

5 conprdexinnigped at ahopg sid cared radiabhy fremahafirg2@B Y20def | Nni ng a

first axjs,. st ant,i_al | nok mal fl oor.

Sur f noo IEa: GISPHRM Bud wDREIR am (BhoRcr 1 8Ring oy

t hrbagipos Bm@2Yet er i ned arc about, and extend

radi al | [ [ : [ I, .
xnﬁtfpge%stgleg (izgf Bhasdby Sach %&Lﬁ)éaroggﬂfé% (%al o r(ﬁ%s(g‘emg

(300) arranged around the robotic
ser $AnEgue B yeceivhsteragroicriee EauRarto630) corfigniep jocatpa gtorage

10 S| Ofevick BbO) fohRUMEdnY €ach rack (300), each test slot

15

20

25

30

(310) being_ con |@@ﬁed to, receive a storage device

t r ans portT@psiersBign GYR prrygrhiar tepvicng hntherobgts gy 00 te
devirgefef 5401 (400) colrPfiihgd Wgultipte btered cpRABISS @50) Habdrb eidh ( 400)
arrangedtfpr servHC|nqihg th? #ﬁbotlc arm (200), the

t r aROPEFeLP SePEHe (08 e lEsEi &%y multiple tote
receptacles (430) that are each <configured to receive
a stora | C . . T t or age .devi ce
Fett ng 10 SFke oyl sk SR 1000 of bt i B RSB
ar nf20Q)2o0priscorpeiipdatord2 iZheinfigired torengapd BF stoppd degige ed t o
en r

Cher e er %‘%%ég?‘% ; t%%%‘%ﬁ%’%‘%‘%%ﬂéﬁl@i? sl sgamch
opefaaping 2 pleraeedavicy (198) ia thestorage devireirpseor s 60)) b thettgseslot
st opzaggodavhge transporter (550) to the test slot

(310) for testing. 20 3. The storage device testing

system (100) of any of the preceding clains, wherein
t he3.r ob@hé soragdte(i2®Byting @fsterNS 0@ oS4ty MA bieadding claims,

oM B e o e P e o Py A oS

Wi t Yolmd (BH)), tivoméls (IP0rmdelaapesfuctatioe(4(® being freamged within the

ser %.i)rfd.ng gm}g%pé %%uﬁeo@ R}) if& s%ng %9 9&)3 ’rob%gtgar%r(%ﬁ,raggj Lrgferab!y
the racks (300) and the transfer station (400} are arranged in at least a partially closed
polygon about the first axis (205) of the robotic arm (200).

4. The storage device testing system {100) of any of the preceding claims,

wherein the transfer station (400) is operable to rotate about a longitudinal axis (415)

defined by the transfer station (400) substantially normal to a floor surface (10).
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25 the racks (300) and the transfer station (400) are
arranged in at least a partially closed polygon about
the first axis (205) of the robotic arm (200). 4. The
storage device testing system (100) of any of the

preceding claims, wherein the transfer station (400)

i s oper ghl ﬁox%@: J&E&&%@@ﬁ% (@od) emllytokﬂath ;aébedﬁ?glcisauﬁéw)

30 defi ned the transfier station substantially
nor Ve e 5&@#’%6@% R G G mqﬁéerstahf’m@"%%% dhat
deVictifestiRs had Weohl $ ﬁ@@ﬁ&f&&ﬁ@to@freca;naueaf(mh@oarmsyiI ng
clains, wherein the transfer station (400) conprises
a transfer station housing (410) that defines first

5 ands.s ec Qhdsiapgakiitetedtng ky3gnd (000 of By epiha pleesling4Bins,

430 ol 388?{908%8?%8?@02&0% age. devi ce testing system

(10 clains, wherein the
transfen stsucathoomg@UD):lefumgmiomdmaa}ss @t $omdhousi ng

410) d :
(312, BN Rl gl LSl 1 a0l i
t heaxisdtf)iteahi tpta Feceizsri(420F i) independpntly getatableeldhe ether pub )

1o bei Qgininp ARPSRGEREA %pﬁé%ie@écﬂ@t&e REeptdiRs @BH, %Oﬁ o0
defining first and Second opposite facing tote

recept acles (430, 430A, 430B). 7. The storage device
t est.i NG Thy §ib@gd dehiodibstafb sﬁ&}h 060) bhéhyRE M6 Pt dlighgelaahd]s,
V\,herel n ﬁlhe robot i ? i ndepen entt [% z rvi ces
eackhera fhe mbgte "(“?1%30 ‘Bg]""l’ FEIFT 15" ESt0F, @ebydew ce
( 5O0fgnstosinye r6rage deeme(ﬂme)cbea\teem agesickd\sioeage tovice t(tdBB)) offthe

t he 15tr ns and the test slot (310).
5 g ALY E;@&c?él{i/%gtes SI& ﬁi} system (100) of any of

the preceding claims, vvherei n the storage device tote

it b1 pl o ereras g G B WAk (98 oy P el e

* confhegein th stp@gfedwhe win(4&0) somprisesrgete body (A&, 4 &28) Jefgyng
9. J@lﬁpﬁ@faga&vfésyecgp%ck@@tsm U585 o8 RutelQDdacREio et Akl

wherel n each storage device receptacle (454A, 454B)
20 defeyise (%80%t or age devi ce support (456A, 456B)
configured to support a central portion (502) of a

rec | ve storage .device (500 w .mani pul ati o

of e bt i QB AL e pBEp A ot

por ddvml feceplddle (4336, 834D a@’ELeﬂﬁAlME:@ dedst supgpridysare i3qB100)

cof any of, the ece t e

devcl;ogeg.ired[to sn.tpﬂgtb ceng'al ngrst’xé)rsi’ %09")5? ré@h"%cggtg} gf?‘ég? (960:)‘90
25 def alhwn@nwlaumqﬂf@e@wagnﬂem\fﬁﬁﬂb elsndnﬂﬁiga)tral joniebr80

mul tiple cantilevered storage device supports (456B)

di sposed in each colum cavi t&/ 54538) di viding the
col fhm daeiterpesdesiodpsting ssterm i §0) of ayof Bie arpecdneviages,

wherein the storage device tote (450)comprises:
a tote body (452B) defining multiple column cavities (453B); and
30 multiple cantilevered storage device supports (456B) disposed in each column
cavity (453B), dividing the column cavity (453B) into multiple storage device
receptacles (454B) that are each configured to receive a storage device (500);
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receptacles (454B) that are each configured to receive
a storage device (500); 20 wherein each storage device
support (456B) is configured to support a centra
portion (502) of a received storage device (500) to

al  ow mani pul ati on of the storage device (500) along

non- centhakin B%Qio%@ devirbe %Qppo;[ %Gﬁ} Q E@}ﬁ’%urg@ Wik oh%%gﬁtﬁg

systen1$100 0 he "precedi n ai s,
corisFosi(Hg Ofétfeqeéfsi t‘°‘6$féj°&’6ﬁf§99)é? al vggleamwﬁuon of the storage

CONg¥vidk (580 a@ig Wbd-Eentrl @ofiieid Sl ots (300); a power
system (330) for supplying power to the storage device

testing system (100); 10 a tenperature control system
(340) f Ghe mmgerdeﬁbé teging kyStehnq090) 6B4Any Ib€the brefrittlp cla@fd, further
slotom 310); a vi bration control system (350) for

con T g rack vibrations; and a data interface

(36 O) i At leastm norg@iear (R20)in chmmeatativewith Sk abt {340Y]); t he

data i t

o e Qé@;\&/{r gsg%(r‘g(gg\’a)for%ﬁ’[{}jﬁ?‘l%og% &,%e%%gagg @é&c% t&m}{% SR
trdd@Borter (550) received by the test slot (310) 12.

The stoy ﬁ:gﬁ)ergﬁ}@ dofrdi %&H@«g%&@ﬁﬁ&&@ ®e tg'flpe?zinﬂ'é gﬂ chdh test

wherein the power system ( I's configured
nmoitt 61 0% nd/ or regul ate power to the received storage

devi ce { 58f}iod ddnkblQydi@dst350) B colidolifhle: ra%&é?tmna'- Rgd

S R et b e 0B e it Ll s

( 340rfee (QED) tS)ﬁﬁgLﬁml tabdmiinicate WilvhAjorape dedd (800) én the storage
cl rc{%yfllceattre er (S%dgseicgiged b nﬁ tes% sl()&(gg@t (310). 25 14. The

st orage RrTe |ng yst em of any of the
precedlng cl ai s, mhereln each rack (300) conprises

at 12e asiyH &@cﬁ‘ag%%ulﬁettgﬁxllé %Ete&y(ﬁsoz r &lzﬁiqq)l \Lﬁ%re(.réti:eéi)ower

conmuni cat1 on test slo
selsystere GBPYIg canfiswredhio MBOHYr and/prrpgulass pryver iy ted rpertvsd storagc

corge{‘,@é I566) if Bid Rkt sicf518. connection interface circuit
(62 in electrical communication with a storage

deV|ce (500) received in the test slot (310); and 21 a

bl ogk | Mheyidra@ehid tEdbhd sys@RQ)00) Bf R4iRAY bt Q& 12, wherein the
conmuni cati on W th &ﬂ connecti an
temperature control system 8) comprises an air mover (342) operable to circulate

air through the test slot (310).

14.  The storage device testing system (100) of any of the preceding claims,
wherein each rack (300) comprises at least one self-testing system (600} in
communication with at least one test slot {310}, the self-testing system (600)
comprising;

a cluster controller {610);

a connection interface circuit (620) in electrical communication with a storage

device (500} received in the test slot (310); and
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interface circuit (620), the block interface circuit
(630) configured to control power and tenperature of
the test slot (310); wherein the connection interface
circuit (620) and the block interface circuit 5 (630)
are configured to test the functionality of at |east

one CONMa@ReR &te@l’facetclﬂ@ulﬁ(%%)Eﬁgaecu%ydoﬁﬁnﬁlﬁﬁdn%ﬂﬁ%ﬁ%ﬁf&non
(100 15, The storage device testing system (100) of

anyMsFaqelsic (6200 dhefRjock)infprtage cirapi £338) Wnﬁa%i tp §RrErol EOMy
con@ﬁlt@q@ma&ed,femgstgemfo;nctl onal testing syst em (650)

(5100 O SR e s Hgef oG A Gtk imertnce cireui

congpst)srengnfigredltaiefiaie famnibiality of it 16404k corfponk@ aSthe Qtr@ge
fungt inter e circuit (660) in electrical
corr%ﬁ“ﬁ?%g?nlg%&eﬁ {lﬁ&) the cluster controller (610); and
15 a connection interface circuit (620) in electrical
co ni { din
Cher} oot ol afclehis Ak RO BELE Br b Brok 8IS

i nteereapeach @Plf @Q@)tco(ne%; at lggeicone fumcticnal testing %'atsm (gHpin

f UnG@linfinRhtion Wil Re&Eorf! téswatt(sl(o?@@fuﬁc%om&&hg@ys@é?n (656)
conmuni cate a functional test routine to the Storagé
deSORBTIBR0) . 20 16. The storage device testing system
(100) of cwmbtar conalddler (60®f €i n the functional testing

system (600) further conprises 0 njcation swtch
(670), é‘?‘%ﬁ“é‘%“ﬁﬁf’?t‘%ﬂlﬂm‘f %E?W&(g@&k“t%m?‘&mﬁ%%“a? Hyh

el eht ¢licakommolangfioyahd on bet ween the cl uster

troll 610 d.th t
oo b Ehnpedidh or RSP 3, 18 G8S ol Bt op S0 e stome
t esdeing(S8Pstwived hOL tesy flot( 10) ofid thivgt lstene Ginctipnallistenfme
f
ur&.'aatgsmm%e&%ggl léasafanh 'ﬁ%n&uxmﬂ%%z&at( %mﬁal i

the roboti'c arm e Vislion system
gU|tﬂ8??%%“’6@1%3#@“%19%tﬁﬁtéoﬁmmo(fmfawﬁmee ®#lnsporting a
st or age deV| ce (500) and calibration of the robot| c
arm ( 20% nlngthe robotic arm (20

fi dfci al %Sé?fkge(de‘i‘&f) testigg gsterhPY) obrieigre %lref%@e F%etv@@al

(3 Jz&)nngggd(eﬂ (6000 GurthéraBmpades & Eddrh@iaidth M@@Osm);tl&efeﬁbly and

? oA byt slectial PREGHMEEHPE Ly P uler

devpu® amcetbe:pﬁ@exl ols fupéiidA, mtéaMBéirom nﬁng ured to each
house a 22 storage device (500), each storage device
receptacle (454A, 4548) having a storage device

supdor t ThedbBHge d466BYystivg sfstenu(il @Y of wy sfipppretedmg clrims; fulther

B B oot B[R E0 OB RRCIE 65 Vb

(270) aiding guidance of the robotic arm (200) while transporting a storage devme

(500) and calibration of the robotic arm (200} by aligning the robotic arm (200} to a
fiducial mark (314), preferably on one of the racks (310) and/or the transfer station
(400).

i8. A storage device tote (450, 450A, 450B) comprising a tote body (542A, 452B)
defining multiple storage device receptacles {4544, 454B) configured to each house a
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non-central portions. 5 19. A storage device tote
(450, 4508) conprising: a tote body (452B) defining
mul tiple colum cavities (453B); and multiple

cantil evered storage device supports (456B) di sposed
in each colum cavity (453B), dividing the colum

C aVJterge Qiéé&&%%dg,}%% s?ﬁ%g{eidmi& rééegt%ag &s .?,Vdsgﬁ)ﬁging a gtorage

receptacl es are each con cgure to recelve
a steseagerdeitie 40EDeYhgurd & wpperieaend pateE0h eld ce
SUPRQEved btdraBBlevics (50001h bt Bshitutidh BRAE stqrageqz%ﬂéégébm along
portion (50 of a received storage device (500) to
al | WerRit RERO%6 on of the storage device (500) al ong
5 non-central portions. 15 20. A nethod of perform ng
stor.age ,device testing. c rising: loading nultiple
st ol:bage LS ggv"ieé?fﬁf‘gp’n PBPAYE devi ce receptacl es
(454A, adbeiiB)ly (i52B)efiniby maltiplecolane coldtics (53BRael (450,

450A, 450B): | oadin he. st orage ' tote .(45

150, 2B0BpiecxiSsE bt SLBL AU Tk ED E eqpumn
t r agasibye#SH) atividing (hd 0¢)mn CFitaCE B it grudtipleciirage dedeem

(2 ' j 50)

R L T R A ks e
act uat i whcreingadhsiopIEp deving SuRPoY (ASCBLs pefigired;to serpertafenib
st ?oﬁgﬁ (ﬂﬁ?/bfaer&efv@@géragef dePidd (56% 1 EIRRShSfipukioh bARk ddthla)
an car%¥ he storage device (500) in the storage
devdeise (SPP) M08 8P1-enMLBBIYPDS. t he robotic arm (200)
operable to rotate through a predeterm ned arc 25
aboyt and to extepd radially froma first axis (205)

15 ot dined AYHO0ST PEIETIE e (o5 FE0ng SBRREIE! al |y nor
to a fl tadingnukigleetofaddevicac50@tinto gotafederdbdatéptackks M54A,
(20 del.i ver the stor i C ransporter (550)
car%ﬁ]‘%ﬁﬁe‘}s &Sgoéaée %V&‘ieg"efgg‘g?r%?&%"o&? e test slot
(310); pedihpirsngsaddvisnotd @aRIAA 46EDtinlon tetheceptaoleddfd)
devj ( the 30 received storage device
trdﬁ%%%gggT_ %%g§%%”3M¥he test slot (310); and

20 gct uat | AUATASA FbPEt AT (ZPhio rSOD)p 2prase fevice fransperisr (550)

st Ok A0E 1612k BR0)HoRRE RO h&!(3¢G50) carrying the tested
storage device (500) fromthe test s|]ot (310

.an
del i ver 2§iytng @ggf@atm) w00 o TefEgiecae PipTOrRRe R VIES ?%Oﬁ)a
¥ r aﬂ?@ﬁh e tridsak @st@rgbn((M%nd cdrdy Bd tstofEE@ddgﬁé {sod) iﬁihe@ioamgémf:&,e
urther c 1 SIN act u n e ropot. C rm 0
L orftpon i 250, i R S B0 Bt e R bl e B el e
25 t heabbeshd ®legiend 3didl)y. from a first axis (205) defined by the robotic arm (200)

substantially normal to a floor surface (18);

actuating the robotic arm (200) to deliver the storage device transporter (550)
carrying a storage device (500) to the test slot (310);
performing a functionality test on the storage device {500) housed by the
30 received storage device fransporter (550) and the test slot (310); and
actuating the robotic arm (200) to retrieve the storage device transporter (550)
carrying the tested storage device (500) from the test slot (310) and deliver the tested
storage device (500) back to the transfer station (400).
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5 22. The nethod of claim20 or claim2l, wherein
delivering the storage device transporter (550)
carrying the storage device (500) to the test slot
(310) conprises inserting the storage device
transporter (550) into the test slot (310) in the rack
(300), establishing an electric connection between
the st orage device (500) and the rack (300). 10 23.
TheZkret HB&methodpfrlaisn 20, fupthercomprising achuaiingas ropesinsrm &R0
r ot @pbditdhd dipty Lérde\tRelce EdnHoRG 5591 BetedtBlb3(@H50, 450A,
450B) in the transfer station (400) between a
servicing position and a testing position accessible

5 by 2he ﬂ'ﬁbﬁxbmﬁd frchiirh 206k)clairh 31,2vhereltRIivegin g 0 sofageddyicof

i BURRESLo ap SUBTT wa R e ak GAB e BT omps
co mnsartseshthme deyi¢ehangpbrer 45/0) dewihe est s{db (BAY) iatiteaach (300),

sto
eyl th o RRBl ol e WG AR (bRERRE ok o
(458%0). 4528) of the storage device tote (450, 450A

10 450B), the storage device support (456A, 4568) being
conflgured to su port a 20 central portion (502) of a
r ec® vedhemgthetef apedf claamy 2043) further spmpringapiping| e reesived
t hestorﬁée%ﬂ%toﬁ@ﬁocﬁ()h,mh) almnmtaﬁ&ngb@bemsﬁé ons.
25. The net.hod cl ai s %ﬁf urther
conBFrtERg M taltﬁE;thH?é‘“?‘b%tSF‘Ele BoF(00)-
selectively deliver the tested storage device (500) to
a return,tot 0 4508 10U ed by th

By a%tsf e?h% & ?%ﬁ a’(“ﬁf)f axms?%e rglt‘)eé | c AP ?ri%f ev:ces?SOO)
del intpaks strgageldevitegstt 45051564 256B ewpoes pBA0OY tht stomge device
sto 5
e cp B ARRERIACH Fibd Al AR EhePlo e RRIER:
devﬁ4é‘é‘\ @58 yekingd bie 8 Pt iody (45%,s4§é@) qf the sforage devanedets (490,
t eS49pR04508) thelshSa Ega%'sﬁpgaft fﬁS@go@)SBﬁl%llﬂg\égﬁfggg\%dtt@&pport a

t est ed storaa@ evi ce to a storage 1 Cce

20 1 ocEpta pprEon GBAAS a psoiped Swgad%ﬁw@?) Pe"tiﬁl‘t’ pranigulptpnef the
( 430bragtIAce (48 Blonyhatehth@péresdsed di sk (500) drive
failed the functionality testing. 24 26. The nethod

of any of clains 20-25, wherein performng a
f unst i offad inttiod A aty @ielaichd TO-24efether @Glngarisiig agatialg e Gebotic

500 he t th t
gl 0 r)n(%%%’) l\%ﬁ‘%lﬂegowgﬁé {é&e& stt??mege%n%r a(g&ﬂ e?ﬁeg’e g %(5%‘)%8
25 | n 4$98A14508) laJU$ed|zbeﬁlfeoxamfﬂgtan@e(dﬂmghmmtm\mm {20Adebiferidatha

T e R
t h rrg@gﬁote (450, 450A, 450B) when the tested storage device (500) successfully
passed the functionality testing, and the robotic arm (200) delivering the tested
storage device (500) to a storage device receptacle (454 A, 454B) of a failed return
30 tote (430, 4304, 430B) when the tested disk (500) drive failed the functionality

testing.
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the test slot (310) to control the tenperature of the
test slot (310). 28. The nethod of any of clains
20-27, further conprising nonitoring and/or 10

regul ati ng power delivered to the storage device (500)
received in the test slot (310). 29. The nethod of

any26f  Cihad ol 248 of didik DRSS, GABEH perdRing 8 i REMaNE t&¢ on
self-test . on the test sIot_(SlO% wth a self-testin

sy sPEAFPESTIoTEs deder (BP) eomeprisesavevlepmthe tegperglurs of yheresesiot
f untoyortale opefatinh tHeRRrdge 8dvicel(500), (3gaculad PerdPmink M@ ding and

thad of f clains 20-29, furth i Si
ComMREAERAD 6 1978 “OrPMl wyst om (270) i sposed on

5t he robotic arm (200) to. aid guidance of the robotic

10

15

20

ar 20 h | ransporti he storage device (‘500
anarbr e U orah AR MO BB hRRE Sl g Brolen
al i thatesiglat (fdO)to bentioLthelemp¢rAD@)of the teat sldt (A16). al  mar k
(314) on the 20 rack (300). 25

28.  The method of any of claims 20-27, further comprising monitoring and/or

regulating power delivered to the storage device (500) received in the test slot (310).

29, The method of any of claims 20-28, further comprising performing a self-test
on the test slot (310) with a self-testing system (600) housed by the rack (300) to
verify the functionality of the test slot (310),

30.  The method of any of claims 20-29, further comprising communicating with a
vision system (270) disposed on the robotic arm (200) to.aid guidance of the robotic
arm (200) while transporting the storage device (500) and/or for calibrating the
robotic arm (200) by aligning the robotic arm (200) to a fiducial mark (314) on the
rack (300).
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