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Systems TECHNICAL FIELD [0001]This disclosure relates to bulk feeding storage devices to storage
device testiNgOsy¥m3838ad transfer stations for storage device testing syst@QE/ERMIPIEROUND

[0002]Disk drive manufacturers typically test manufactured disk drives for compliance with a collection
of requirements. TBallefeiahnenSanc gecPeigues ExiSttéon gesiiey iee Jecstungo8ysiehtisk drives serially
or in parallel. Manufacturers tend to test large numbers of disk drives simultaneously in batches. Disk
drive testing 10systems typically include one@mmorerragksmaving multiple test slots that receive disk

drives for testing. [0003]The testing environment j diately around the disk drive is closely
regulated. Minh tempersiliv &' %?ﬁ’ée.tf(%il?ée?nt%f#@gg‘at?ﬁﬁﬁl e b

BRAVIFoment are crtical for accurate test
conditions anddsisafatingkikeisiadtivesteThetlate Sirgemegaiions o diEdissistdrives, which have higher
capacities, faster rotational speeds and smaller head clearance, are more sensitive to vibration.
Excess vibration can affect the reliability of test r. % | the integrity of electrical connections.
Under test conditions, the drives themselve éhcrﬁp:jc{)?aga e vibrations through supporting structures or
fixtures to adjgoent units. 'fibsskitiati aretofassrtadkimgsd ivgeteawitsesxé sl dovacéys of 20vibration,

contrbuies (0 BSOS HAR AR 000 GRSV 1 S (VRRON MG R n lover

test yields and incfeased manufacturing costs. [0004]Currt isk drive testing systems use an
operator, a robfetitcsitng, lavea eanbeyef Bisk v 9T RS AR dMveRtEs W S M ocation for

loading into thetestipg systern Joaitestings Aebaticoasm afufiehtestingisystenasindividually retrieves

10 systems typically include one or more racks having multiple test slots that receive
disk drives for testing.
[0003] The testing environment immediately around the disk drive is closely
regulated. Minimum temperature fluctuations in the testing environment are critical
for accurate test conditions and for safety of the disk drives. The latest generations of

15 disk drives, which have higher capacities, faster rotational speeds and smaller head
clearance, are more sensitive to vibration. Excess vibration can affect the reliability
of test results and the integrity of electrical connections. Under test conditions, the
drives themselves can propagate vibrations through supporting structures or fixtures
to adjacent units, This vibration "cross-talking," together with external sources of

20 vibration, contributes to bump errors, head slap and non-repetitive run-out (NRRO),
which may result in lower test yiclds and increased manufacturing costs.
[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

25 the disk drives from the transfer location and loads them in test slots for testing.
SUMMARY
[0005] In one aspect, a method of supplying storage devices to a storage

device testing system includes placing a storage device tote, carrying multiple storage
devices, in a presentation position accessible to an automated transporter (e.g. robotic
30 arm, gantry system, or multi-axis linear actuator) of the storage device testing systen.

The method includes actuating the robotic arm to retrieve one of the storage devices



25the disk drives from the transfer location and loads them in test slots for testing. SUMMARY
[0005]In one aspect, a method of supplying storage devices to a storage device testing system
includes pla¥iRg¥W¥idPadE device tote, carrying multiple storage devices, inBBESHIRI9A9osition
accessible to an automated transporter (e.g. robotic 30arm, gantry system, or multi-axis linear
actuator) of théstotagecdestice testing, sydterhialing theattothiird Taasraras &ideliFé Ybotic arm to

retrieve one of the starage delines YR RURVNAAIIRETIHSRA09 A7 feomitharstorage device

tote, and ac.tuating the automated transporter to deliver the retrieved storage device to a test slot of the
stprage dewcé}l“é%ﬁ’ﬁ@g‘é%i’é‘iﬁ igAkritrsbitothe storage device in the test slot. [0006]Implementations of
this aspect of faeodisclosureniprynieitides efiehar Speorefohdhieséolkoving featlndsoin some

implementations, th e%hgd includes act atiqlg the autom transp r. jeve a storage device
transpor?er,_acIPL?:fE’lnc‘%t Se Attomatet trr%tsr'msyfé)lc?rotere t%'n (;%t#eg\r}tegé%%’gggt]rlﬁgg%%rég%ﬁggiices from the
storage deviceitotetiby bsimgahetelcragedeyite eFERSpO FeTats CArK tHRNSRSFEGE WS, and actuating

the automated,fransparies in.deliver ihe-alerasadavicesranserigtsauying tRsigeage device to the

test slot. The automated transporter can retrieve the storage device from the storage device tote with
the storage deliE Hafs PO RERH M HSRSH Iy lﬁ’?é@f‘(%?ﬁ&?&%\c/?@ E&n%%?%ﬁ%‘r“ﬁé‘f%ﬁ%ﬁe storage device,
lifting the storage:slevicreafitasiaragenadeetsupport titherstorkye devisedute candmgarrying the

storage device [he Riarage fevice fIAnsROlISh anay fiadhe sibrage.devleeitplg. When the storage

15 devicd tran%ﬁor’fer, carrying orage device, Is inserted into the test slot, the storage device
engages with dwirnéstotefthestdrie wéy e diriaragatsMcaiEN R SId R GESHINAEE transporter
provides closugg, of thg.tastislotfRpG i seme i plemeniationsyplasingdhesteragadavice tote in the
PO P e Spgoa o the gt A0 A Gl B B G PSR O
the storage device transporter away from the storage device tote. When the storage
15 device transporter, carrying the storage device, is inserted into the test slot, the storage
device engages with a connector of the storage device testing systen, and the storage
device transporter provides closure of the test slot.
[0007] In some implementations, placing the storage device tote in the
presentation position includes placing the storage device tote in a loading position on
20 a transfer station, and actuating the transfer station to move the storage device tote
from the loading position to the presentation position for servicing by the automated
transporter. The transfer station includes a transfer station housing and multiple tote
presentation support systems disposed on the transfer station housing. Each tote
presentation support system is configured to receive and support a storage device tote
25 in the presentation position for servicing by the storage device testing system (e.g. by
the robotic arm). A tote mover, disposed on the transfer station housing, moves a
loaded storage device tote between the loading position and the presentation position
at one of the tote presentation support systems. In some examples, the method
includes reading a tote marking on the storage device tote and actuating the transfer
30 station (e.g. actuating the tote mover) to move the storage device tote from the loading
position to the presentation position based on the tote marking. The tote marking can
be a barcode, a color marking, or any suitable general or unique identifier. The

method may include assigning the storage device tote a function property (e.g. "good

2



20a transfer station, and actuating the transfer station to move the storage device tote from the loading
position to the presentation position for servicing by the automated transporter. The transfer station
includes a tNASHAPEAA housing and multiple tote presentation support SP$IEHS2809(HEE on the
transfer station housing. Each tote presentation support system is configured to receive and support a
storage deviceotopet25Siorihe danasentatitiragpositian foragrdiving lojetie stordgeidagice testing system
(e.g- by the robotic apm), Autole.MoNE . disPosed Qnibe deansierstationhieusinevigoves a loaded

storage device tote between the loading position and the presentation position at one_ of the tote
presentation stASPBESEYSBMENAUESHIS BlRsTpidsd Rot fretgerble duiis 35468 marking on the
storage devicaigig.and astuatiog theny snsige 30statienifg. g:satuating the tote mover) to move the
storage device from the loadin sition to the presentation itign based on the tote marking.
The tote ?narkih&g Bé%aln be a E‘é?(%@&e‘?ng %o %I}&rrt%g?ﬁi%g, Sg?rgﬁ(f/ Suita %je gﬁ%%(g?npglﬁnique identifier, The
method may inshkseetassigaigpthie btbtaythelprisatstenadsiiction pisperey {@ipr'good WO

2009/129383P G TAJIS2009/Q40796: OUtRHE: QLIRS deNice dRter.DadRMtpsistorage device tote, or

"input” storage device tote) that affects the usage of the storage device tote in the ?}torage device
testing systemSeTHEMEABA BHROPEIEY iSaasRrIticaAlly PRRSEILRAMAHTNEPRSHES Bf tie storage device
tote in the storpge-devisejesting Byster pHQ0ska sometisplemdntatinnsxthplstotage device tote
placed in the presentation.position is held in t resentation ition. by fra sfer station configured
to hold rjr%)uItipIé%?é)rrz‘f\sgeelz1 tﬁqévrllcsél%?é%ssﬁ??t%% ]B?ggﬁt%tsliﬁn%gg?ﬁgﬁ%?Blr)(gé?gig%ings y?he automated
transporter. Thegtoragmdevibeustbtisbsupporeddinrthis presamaaion’positiordly a tte presentation

support systengogg, SPRIC &xamnlesithedOtote presentation support system includes first and second
opposing pairs of tote support arms configured to be received begﬂyespective arm §)ﬁl‘rrooves defined by a

tote body of thE'&f8lage delRcRNfMhEr FRATE]rnstioh 8F SIEREERE AR S A SR BTG Storage devices to
a storage device testing system includes loading multiple storage devices into a storage device
15 tote, placing the storage device tote in a loading position on a transfer station, and

actuating a tote mover of the transfer station to move the storage device tote from the

loading position to a presentation position for servicing by the storage device testing

system,
[0010] Implementations of this aspect of the disclosure may include one or
20 more of the following features. In some implementations, the storage device tote is

supported in the presentation position by one of multiple tote presentation support
systems disposed on a transfer station housing of the transfer station. The tote
presentation support systems can be arranged vertically with respect to each other. In
some examples, the tote presentation support system includes first and second

25 opposing pairs of tote support arms configured to be received by respective arm
grooves defined by a tote body of the storage device tote. The arm grooves can be
releasably locked into a predetermined position on the tote support arms, thereby
holding the respective storage device tote in its presentation position.
[0011] In some implementations, the method includes loading multiple

30 storage device totes, each housing storage devices, onto the transfer station by
sequentially placing each storage device tote in the loading position on the transfer
station and actuating the tote mover to move each storage device tote to the

presentation position at one of the multiple tote presentation support systems for



device testing system includes loading multiple storage devices into a storage device 15tote, placing
the storage device tote in a loading position on a transfer station, and actuating a tote mover of the
transfer staff¥Q 0B %E%he storage device tote from the loading position toP BesS¥ePARiBA%position for
servicing by the storage device testing system. [0010]Implementations of this aspect of the disclosure
may include orerdtig@motie: ofothecfdtivwdrgfeatresninisome isnplamventativngiothe storage device tote

s supported in JhGRSSEAIAON ISR ANE-AY 1BUHRIE Lol ARRAIAHAD U BRASYStems disposed

on a transfer station housing of the transter station. The tote presentation support systems can be

arranged verticBliPieErasHatrEshedRls BIPET) IR Brerescimie Seties fote IrrasBRtieadSupport system

includes first agliseaoneheBRIVASING Paifscaldairesmpotsapmscaniiglyahie bakeceived by
respective arnlbgrooveildeflned r%/na téui]e bc_)g%lof the sto[g%gdebg%\éige tote, The %rm girooves can be

releasably lockaFth8 BpIEE&aTRed o B R B HE0ts SUBSON ahns. theraby holding the

respective storageebicextoteivitsppresettation positonhoom] indednesrigpiagmdatations, the method
includes loading, multiple 30SOLAGE HEYIGe folg SRR NOURING, S AGR deMeedeaniadie transfer

station by sequentially placing each storage device tote in the loading position on the transfer station

and actuating Aot R terieiRe R o A5 & BRRABS TRET TS HE Faisitatfon position at one of
the multiple tote fRAQEALGR SkYRYT By Stems: for W@ RN 2033BRETILBANRHPMOTI6 servicing by

the storage device testing system. In some examples, the method includes. reading a tote marking on
the storége de&@izgote an aé?l%etiﬁxgmﬁ%etgfa%%iéaﬁ %‘%a‘tfo}r]{‘?é‘.b“%&;%sa%é%o{ évt%%g g'Pnover) to move the
storage devicextatdddomithedodcingpodsitosine theeplesanratorbisdsinen et THeSHIpe dote

presentation sgaQI XSLEARSASFSRIER AleTIHE o Be e padkiAg e a barcode, a color
J transfer station housing. The method may include opening the door to an open

position, placing the storage device tote in a preloading position on the door, and

15 closing the door by rotating the door to a closed position, thereby placing the storage
device tote in the loading position.
[0013] In some implementations, the tote mover includes a multi-axis actuator
assembly configured to move the storage device tote between the loading position and
the presentation position. The multi-axis actuator assembly may include a vertical

20 actuator, a horizontal actuator, and a pitch actuator. Preferably, the multi-axis actuator
assembly includes first, second, and third linear actuators. The first linear actuator is
disposed on a side wall of the transfer station housing. A lift carriage is coupled to the
first linear actuator. The second linear actuator is disposed on the lift carriage and is
pivotally coupled to a tote loading support, which is configured to support at least one

25 storage device tote. The tote loading support is operable to rotate between the loading
and presentation positions. The third linear actuator is pivotally coupled to both the
second linear actuator and the tote loading support. The third linear actuator 1s
operable to rotate the tote loading support. The storage device tote includes a tote
body that defines multiple storage device receptacles configured to each house a

30 storage device.
[0014] In yet another aspect, a transfer station for a storage device testing
system includes a transfer station housing and multiple tote presentation support

systems disposed on the transfer station housing. Each tote presentation support



any suitable general or unique identifier. The method may include assigning the storage device tote a
function property that affects the usage of die storage device tote in the storage device testing system.
The functioV§}3pei2938&ynamically re-assignable during usage of the stor&§d/HE0&9MEoM the
storage device testing system. 10[0012]In some examples, the transfer station includes a door
pivotally attachesidn isctrafsfedstatisni trousinaprineadiurds $PEaBiEs 1 16Ei7IadNE support a storage

device tote and RIOVIAES LIRRUIS %& fhlole supplyeprRInG dafingd Dythatransiengiatian housing. The

method may include opening the door to an open position, placing the storacge device tote in a
preloading poélﬁé??é‘ﬁ%?fér&%ﬁrh}?ﬂlﬁf%Wﬁbcﬂfg?%S? 8/ PSSy RE S 0! Y S losed position,
thereby placingdhestarngeitepisaitotenn thepteatingopesitionn [POi8HAtBoRIE implementations, the tote
mover ingludes 8 Mulib(3 Actatar assqmbly, conlaned p eV e teraae drvie ote between the
loading posmo% and the pré’%’enta)ﬁon position. ‘the multi-axis actuator assembly may include a vertical
20 actuator, a f1osizcnuedrsteatay, kdng pietiicr wrateio P! fr& AtkisPHctuator assembly
includes first, segRpd, and third linear actuators. The first linear actuator is disposed on a side wall of
the transfer station housing. A lift carriage is coupled to thepcgirs} linear actua\tcz{é The second linear

actuator is disp¥Sed on the FPIEFEERORR AN SiCHREIR EB SIS 8 L B IBSUHG LG Short, which is
configured to stpRet it kdstkone2hsieragesdevicertoteeThtol¢hivadirgrsupportngwperable to rotate

between he loaging and ieseiaion pesifiens: e ilinearactialars R rtelhe coupled to both

1 . 1V atia )
the second lindar actuator and the tote loading support. The ‘fhlrdvllnear actuator is operable to rotate
the tote loadinglsupofe Pessppkngeeaingdeiipte dhmeaibitoiousta el Multiple storage

device receptaglesaRnfigti af ip-agpRiaLIera-3091nta0a dppseinolldtnyesanoiher aspect, a

transfer station for a storage device testing fEystem inealgudes atra sf% station housirig and multiple tote

presentation sEMbBALEERLINNe SYEC B tHe YUREISF LRI ADUSING ST 15t hrésentation support
WO 2009/129383P &hth}FR009/407 06 sysiensugpronrdigtere dntdudes divee addsupport a storage device

lote n & presenalon AOTIUOR (L SRR NP RIARe SR Jena susier b ote mover

. 1 oppo , ;
disposed on the tran station ho IS configured to move & storage device tote between a
loading positiogrenvdstHelrddantdtisrPpdsiicrarsiclofthdotbte

[0016] In another aspect, a transfer station for a storage device testing system
includes a transfer station housing and multiple tote presentation support systems
disposed on the transfer station housing. Each tote presentation support system is

20 configured to receive and support a storage device tote in a presentation position for
servicing by the storage device testing system. The transfer station includes a tote
mover disposed on the transfer station housing and a tote loading support pivotally
coupled to the tote mover. The tote loading support pivots and moves between first
and second positions, and is configured to receive and support a storage device tote.

25 The tote mover is configured to move the tote loading support between the first
position, for supporting a storage device tote in a loading position, and the second
position, for supporting a storage device tote in the presentation position at one of the
tote presentation support systems.
[0017] Implementations of this aspect of the disclosure may include one or

30 more of the following features. In some implementations, the tote mover includes a
multi-axis actuator assembly, which preferably includes a vertical actuator, a
horizontal actuator, and a pitch actuator. In some examples, the multi-axis actuator

assembly includes first, second, and third linear actuators. The first linear actuator is



5 presentation support systems. The tote mover, in some examples, includes a multi-axis actuator
assembly having a vertical actuator, a horizontal actuator, and a pitch actuator. [0015]Implementations
of this aspe®YQ2ME IEWdsure may include one or more of the following fedtGAEESHSEHIZ6
implementations, the transfer station includes 10 a door pivotally attached to the transfer station
housing and cdisfigseante pdevids eftkuranpta sttéosupphnepnivigrersfigeds kyupledianfer station

housing. The doar pivats-REMIEEH AL QRANROSIHARa (R § QEIVIY ANHSHPRARING Angtorage device tote,

and a closed position, for placing the storage device tote in the loading position. In some examples,
the tote preseMEAEH SERGE %&%Fﬁ%ﬁ@ﬂ?&%&%&%ﬁ’@é@@h@%é@%&ﬂﬁ BEAEF tote support arms
configured to ke kpaaiveddy. respeacive aungrenves siefingd bupldote batlylefacstarage device tote.

[0016]In another aspect, a trapsfer station for a storage device i tem | s a transfer
station housing '§hd &tﬁﬁﬁcﬁﬁgﬁgﬁéeﬁ?ges%)ﬁtéﬁ%F\uga%%grgh gﬁg%é&r?\%%ﬁ%%%gg%ﬁ&%e&%lgggfer station
housing. Eachrtede preseniatidinssupport systens isx@0denfleufied posiserivelimatelpissig a storage

device tote in a presentation RosYAR A arviaing Bythe slorage deveadesting sypiem. The transfer

s'gation includes a tote mover disposed on the transfer station housing and a tote loading support
pivotally cogpl@oﬁ‘f@sfﬁ’é“?é}t%%‘\‘i@r. The tote loading support pivots and moves between first and
second positions,8nd is comfigutesitosecaiaandcauppon gistgiagertelivesaten2BT he tote mover is

configured to move the tote loading s t between the fir ition, f ing a storage device
tote in a1?9adintgr]arﬁsogftls(t)ar%fognh§ Rﬁlgél%%%%%’qé%ugﬁéqr? ,ISE gﬁéﬁ?&? 5 é%%%ergcgg%geﬁ\)/%g%%te in the
presentation positicheatenesdinthenporstp reesitatierP buopdrssistesas ofooL A nemie Mdimhtions of this

aspect of the disclosurs Ray NGHEsQeE200Mrer afdhrfphewinadeatipiRs: Jkeame

implementations, the tote mover includes a multi-axis actuat%:egss mbly,ﬁgvhich, referably includes a

vertical actuatdf s HBHSbHEACACHIRIEE Wi 4 Pitdh SRR ANT SEhve SERMPIEE e multi-axis actuator
assembly includesifigshsecthdrand thirddineabactuatar sicTihefinsplinfanadilatoris WO
2009/121%383Pc?01;{: l3§023(39814940796
[0019] In some examples, the transfer station includes a door pivotally
attached to the transfer station housing and configured to provide closure of a tote
supply opening defined by the transfer station housing. The door is operable to pivot
between an open position, for receiving and supporting a storage device tote, and a
20 closed position, for placing the storage device tote in the loading position.
[0020] The tote presentation support systems can be disposed on the same side
of the transfer station housing and arranged vertically with respect to each other.
Each tote presentation support systems has a different elevation with respect to the
others. The tote presentation support system, in some examples, includes first and
25 second opposing pairs of tote support arms configured to be received by respective
arm grooves defined by a tote body of a storage device tote. The storage device tote
includes a tote body which defines multiple storage device receptacles configured to
each house a storage device.
[0021] In another aspect, a storage device testing system includes an
30 automated transporter and multiple racks arranged around the automated transporter
for access by the automated transporter. Each rack houses multiple test slots, which
are each configured to receive a storage device for testing. The storage device testing

system includes a transfer station arranged for access by the automated transporter.



disposed on a side wall of the transfer station housing. A lift carriage is coupled to the first linear
actuator. The second linear actuator is disposed on the lift carriage and pivotally coupled to the tote
loading supPEP2WHEIF ots between the first and second positions. The tREd N84T Afor is
pivotally coupled to both the second 5linear actuator and the tote loading support. The third linear
actuator is opéiabtetefrosatecthmbideicaldinsfasion ensommératiipie S0 ther St dition of the tote

loading S“ppoéhfg&;&‘ég[%%%a&%d&%’ég%tﬁé angsthesaseandnasitionof the jriedeaing support is
substantially vertical. [0018]The transfer station may include a stagi %,platform disposed on the
10transfer staﬁ%ﬁﬁﬁ&ﬁ@"dﬁ6Oé’grﬁiﬂ@qﬁlrghr%"i‘é‘ééﬂ%s‘épgf’&éd@@é’%ig‘é totdtrafidrerred from the tote
loading suppopeddienstagiogRiatiarerisgligiosed aorar oppositeisigeysithe Aransfepstation housing of

at least one of.the tote presentation support systems, The transfer, station.may. include a door pivotally
attached’to théstg%ﬁg?g?f)g asil%r%r I(I:)Stﬁnesrirsltéggtgor?dL ggﬁﬂéﬁ?gdsté%é%\(i le ta closu?e ovegréthe staging platform
while in a 15closebepositiorof00rajmitormadsiamisiesiatentParsry dtaoff ielides a door pivotally

attached to the fransfer statiphgusing ankd erefiavediedie vdsnelesureieda tokemlpply opening

defined by the transfer station housing. The door is operahle to pivot between an ogen position, for
receiving and SHSPEHAET ASSEBAY UL R AhAHUA IO A BYAH BRERTSH5 BIA MG the storage device
tote in the loadingapasitian @208 heitateuppeseytationissppoxsysiemsicaddsdidispdsed on the same
side of the transfer station. housin%tat arragged vsegéi with 5@?9&%5@%@%@5 Each tote

n
presenté?ion sﬂeﬁﬁgrtogygtsénrﬁg 135 A 8%‘3?8& efevation wit | respect to the dthers. The tote presentation
support systemsringsome Sxamplesa ineiidds fif stsinTage J sdeoie o P SERiF ARGt thte support arms

configured to b received Bysgspective MM areanes-dafinedhdysa taterbadineirastatage device tote.
The storage device tote includes a tote body which d%fine,s miltmle storage devilc% {eﬁ%ptacles
15 coupled to

configured to $4ER 58086 #LFoTAQ dRY Eanser station housing. A Lt carriag

first linear actuator. The second linear actuator is disposed on the lift carriage and
15 pivotally coupled to the tote loading support, which pivots between the first and
second positions. The third linear actuator is pivotally coupled to both the second
linear actuator and the tote loading support. The third linear actuator is operable to
rotate the tote loading support. In some examples, the transfer station includes a
marking reader configured to read a tote marking on a received storage device tote,
20 the tote mover being configured to move the received storage device tote between the
loading position and the presentation position at one of the tote presentation support
systems based on the marking read by the marking reader.
[0022] The details of one or more implementations of the disclosure are set

forth in the accompanying drawings and the description below. Other features,

25 objects, and advantages will be apparent from the description and drawings, and from
the claims.
DESCRIPTION OF DRAWINGS
[0023] FIG. 1 is a perspective view of a storage device testing system and a

transfer station.

30 [0024] FIG. 2 is a top view of a storage device testing system and a transfer
station.
[0025] FIG. 3 is a perspective view of a storage device testing system and a

transfer station.



[0021]In another aspect, a storage device testing system includes an 30 automated transporter and
multiple racks arranged around the automated transporter for access by the automated transporter.
Each rack hy@s2¥13t#8k test slots, which are each configured to receive BSTOVAYWURAAEY for testing.
The storage device testing system includes a transfer station arranged for access by the automated
transporter. W@ Z(Q09/129B83RGSH S AB00/040796f Héotreasariet Ao IRIUE & fransfer station

housing and mulfigle ggtgsg)rﬁ?gla@q@}e%gggﬁ%tems disposed on the transfer station housing. Each
tote presentation support system is configured to receive and %upport a storage device tote in a

presentation pd8RiBn for serAEIRG By P HOYEYE HaT it S OEMHY Sy SR TSte mover 5is disposed on
the transfer stagigrshousingrancsis egifigucadetoignoven atstagagevdevicestotechetweep @ loading
position and the %reesgntagon position at one of the tote presentation support systems. The tote mover,
in some %xamf)tfé ,glncfitvfﬁe's a multi-axis actuator assembly having a vertical actuator, a horizontal
actuator, and &pReh actuatdG. The adwstprepenpstiore SiPpoFrsytes diyise Faekaliples, includes first
and tosecond 9&}8%&9&95@%{9@@. support arms configured to be received by respective arm
grooves defined By a tote body of a storage device tgte. In some examples, the tote mover includes
i §

e f ,
first, second, dABBMHird linedn GchURfoPETPHE TSP OR ANIREH LT 688 SN 8ide wall of the

transfer statiopd@itsing. A lift carriage is coupled to the first linear actuator. The second linear actuator
is disposed o P@ lift carri d 15 ivotetllly co Iﬂ to. the.tote loading sUPRQLL.Miich pivots
between the fﬁé z.lrjd secoz%%p?)d;]ﬁi%ﬁgfsﬁceltﬁi‘r%f%oear a%t gtor ils pivotallylﬂépouplgd to both the second
linear actuatorrasitithe tote loading support. The third linear actuator is operable to rotate the tote

loading suppoypipsome exampies the-trogleratation insludes.aivaarking reader configured to read a
tote marking on a received stora\il/e device tote, 20 the tote mover beitrggloconfisgtliggg to move the

received storalfl #8vice totb!BehlSehPiie RSEHfng Bolitan et RE SREEANSH Posttion at one of the
tote presentatigacsupﬁo&h&y@temd@&ﬁﬁ'dmﬁbm&aﬂem@feaxdrl_:sfemmarking regder. [0022]The details
of one or morg pplementafinns of e diRYashLe; 205 5! (PIRIR s acsgRANRg drawings and the
description below. Other features,

transfer station.

[0035] FIG. 13 is a rear perspective view of the tote mover shown in FIG. 12.
[0036] FIG. 14 is a rear elevated perspective view of the tote mover shown in
FIG. 12.

20 [0037] FIG. 15 is a rear perspective view of a transfer station having a staging

platform and door.

[0038] FIG. 16 is a side view of a transfer station.

[0039] FIG. 17 is a font view of the transfer station shown in FIG. 16.

[0040] Like reference symbols in the various drawings indicate like elements.
25 DETAILED DESCRIPTION

[0041] Bulk feeding of storage devices in a storage device testing system is

advantageous over manual individual feeding of storage devices by providing
increased through-put and efficiency of the storage device testing system, inter alia.
As will be discussed in detail, presenting multiple storage device totes (also referred
30 to as totes), 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

8



250bjects, and advantages will be apparent from the description and drawings, and from the claims.
DESCRIPTION OF DRAWINGS [0023]FIG, 1 is a perspective view of a storage device testing system
and a transfOst8H93830024]FIG. 2 is a top view of a storage device testRfglsyS28o8/edd%a transfer
station. [0025]FIG. 3 is a perspective view of a storage device testing system and a transfer station.
WO 2009/129383P7/ IS2008Y04 Q7 D6 B0 RBIRIBe4 b dype msr tivE vie # biTagstBrHi§e device being

inserted into aiest,slptof & slQage.Aevicedesting systens IRRREIRIG B dsiadaerspective view of a

storage device transporter. [0028]FIG. 6 is a perspective view of a storage device. transporter carrying
a 5storage deviE 001N PY L BBRETHY QB@E’[W@W&\?\/(SfaVé%PSé%O@&ié‘évﬂ‘gnsporter carrying a

storage devicaote) to the storage device testing system and then walk away to service another
5 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.
[0042] 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
10 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
called a RAM-drive. The term solid-state generally distinguishes solid-state
electronics from electromechanical devices.
15 [0043] Referring to FIGS. 1-3, in some implementations, a storage device
testing system 100 includes at least one automated transporter 200 (e.g. robotic arm,
gantry system, or multi-axis linear actuator) defining a first axis 205 (see F1G. 3)
substantially normal to a floor surface 10. In the examples shown, the automated
transporter 200 comprises a robotic arm 200 operable to rotate through a
20 predetermined arc about the first axis 205 and to extend radially from the first axis
205. The robotic arm 200 is operable to rotate 360° about the first axis 205 and
includes a manipulator 212 disposed at a distal end of the robotic arm 200 to handle a
storage device 500 and/or a storage device transporter 550 carrying the storage device
500 (see e.g. FIGS. 5-6). Multiple racks 300 are arranged around the robotic arm 200
25 for servicing by the robotic arm 200. Each rack 300 houses multiple test slots 310
configured to receive storage devices 500 for testing. The robotic arm 200 defines a
substantially cylindrical working envelope volume 210, with the racks 300 being
arranged within the working envelope 210 for accessibility of each test slot 310 for
servicing by the robotic arm 200. The substantially cylindrical working envelope
30 volume 210 provides a compact footprint and is generally only limited in capacity by
height constraints. In some examples, the robotic arm 200 is elevated by and
supported on a pedestal or lift 250 on the floor surface 10. The pedestal or lift 250

increases the size of the working envelope volume 210 by allowing the robotic arm



[0030]FIG. 8 is a perspective view of a storage device tote in a loading position. 10[0031]FIG. 9 is a
perspective view of a storage device tote in a presentation position. [0032]FIG. 10 is a perspective
view of a traefepe¥azBi§3[0033]FIG. 11 is a perspective view of a tote in a BFEKERARUIHHDSition for
placement on a tote presentation support system of a transfer station. 15[0034]FIG. 12 is a front
perspective vieoneh etobenmovis wispodzdbonakerdamsterastationfoGISHH o33 8- alfegar perspective
view of the to@ié@%i’ﬁ{eﬁb&%%%@éﬁogt?voﬁ%@Fd%m% imAeanslavaled Rerspectivasiew of the tote

mover shown in FIG. 12. 20[0037]FIG. 15 is a rear perspective view of a transfer station having a
staging platfor%ﬁ%@jf&bg}cm %[22 side view of a transfer station. [0039]FIG. 17 is a font
view of the traigfesjstation shewdtoinduGird6p{R40jikecrefererdacsiydpolsiinttheevarious drawings
indicate !Slke elgac egetsst'sgcé ?FOTtélergvl?deD ‘(Ilz CSOCH: ullt%-lt-lls ow of storage devices 500 through the
testing system 100. A continuous flow of individual 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
10 continuous flow, storage devices 500 of different capacities can be run at the same
time and serviced (loaded/unloaded) as needed.
[0045] Referring to FIGS. 3-4, the storage device testing system 100 includes
a transfer station 400 configured for bulk feeding of storage devices 500 to the
automated transporter 200. The automated transporter 200 independently services
15 each test slot 310 by transferring a storage device 500 between the transfer station 400
and the test slot 310. The transfer station 400 houses one or more totes 600 carrying
multiple storage devices 500 presented for servicing by the automated transporter 200.
The transfer station 400 is a service point for delivering and retrieving storage devices
500 to and from the storage device testing system 100. The totes 600 allow an
20 operator to deliver and retrieve a collection of storage devices 500 to and from the
transfer station 400. In the example shown in FIG. 3, each tote 600 is accessible from
respective tote presentation support systems 420 in a presentation position and may be
designated as a source tote 600 for supplying a collection of storage devices 500 for
testing or as a destination tote 600 for receiving tested storage devices 500 (or both).
25 Destination totes 600 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 test, respectively. Each tote 600 may include a marking 660 (e.g.
barcode, color mark, or unique identifier, such as a symbol) (see FIG. 9) that can be
used to identify and categorize/classify the tote 600 and its contents. For example, the
30 markings 660 on the totes 600 are barcodes, which has been assigned or associated
with certain properties, such as “supply tote”, “passed return tote”, or “failed return
tote”. When a tote 600 is loaded with untested storage devices 500, an operator or

automated machine can read the barcode 660 with a barcode reader and associate the

10



[0041]Bulk feeding of storage devices in a storage device testing system is advantageous over manual
individual feeding of storage devices by providing increased through-put and efficiency of the storage
device testiNgs3¥m338%er alia. As will be discussed in detail, presenting nRSIFAIE28698t9E% evice totes
(also referred 30 to as totes), which hold multiple storage devices, to a storage device testing system
allows continuaigtolsage: texipertestiighatisksdaipe dnsdeesdrmuRiple sworistdenc®otes, minimal

user interventign, and ingreased sifigieney QVaLGUSENLSYSIeS diatenalia. Bulk feeding of storage
devices in storage deVvice totes provides the advantage of WO 20Q9/129383PCT/US2009/040796

shop floor flexiBitydEbiPSroviRRAEREsiH (ssdifr ety dvnsiesipiigs d&Vid8%ote or a cart or
trolley carryinghstiaggrdpMise-iatesaeisied rereulingfided agnieyors)oiArvoparaber can present a
batch of drives @ge. . via the storage device tote) to the storage device testing system and then walk
away to &ervic #i8ther 5system. Bulk feeding of storage devices in storage device totes also allows
automatic sortjig4of tested Brivasiwitidefinistoreffbededcentbies PPl e disedssed below [0042]A

storage devicey a5 pisgdResaindngluses disk siives.salid state drives ipeinage deviges, and any

device that requires asynchronous testing for validation. A disk drive is %e %rglly a Fct).n-volatile storage
device which seSFe&TcHigRANPEIED JeHRIHIASH 1) Bt AT BIaRErE ity Maohatd Curfaces. A
solid- state driye{ Soé)sés @pilaidysioiags deviepetbhtotgessolidkstatesiesnoiytédstore persistent data.

An SSD using SRAM or DRAM (instead of flash memory) is,often.called, NpEriyg- The tent
solid-stdfe gerPéPé/ yetsj%ﬁlﬁlélfié élsg %%%ﬁa(gg attlgne?eng%l?grsl%%zf{%o(rin e%e(t:%ronﬁ’e hgécal devices.
15[0043]Referhingtio MBS, the3tirgodwitn plemiftatronsded storalgadgd b mssting system 100

includes at leagt QneaHRAIRt HRRSPOEE 300 (8- Gevebalicsait. AR EKEenRyRE multi-axis linear

actuator) defining a first axis 205 (see FIG. 3) substantially normal to a floor surface 10. In the

examples shoWiestARage B P LTRHL IS 00 St FRd L A BEBYC R 200 5587 $Ble to rotate
through a 20predetesminesiadeabatiee ficst txis:25phned thekteasks adialtylironorthe first axis 205.

The robotic ann 200, 0peyable t roate 350 ROVING 3L 441525 A Ellhs A ranipulator 212

. 1 8ev1c totes .
dlsposedsat a afataf end e‘robotic arm tohandle a storage device 500 author a storage device
transporter 55Cecariyiniptid Stofanwiceoiiobiy Rcw ghme Sy BlehaRiriE BEkES00 are arranged

around the ro%@ma%gg 400 or presented to the storage device testing system 100. For

example, if all of the "good output™ storage device totes 600 are filled by the
automated transporter 200, but there are several empty "bad output” storage device

20 totes 600 waiting idle, one or more of these storage device totes 600 can be reassigned
(via the marking property association) to be a "good output” storage device totes 600.
In another example, "input” storage device totes 600 can become one or the other type
of “output” storage device totes 600 once they are emptied, thus saving the effort of
removing them from the system and re-inserting a different type of storage device tote

25 600. This provides advantages for storage device testing system 100 with its single
load/unload transfer station 400, because an operator has no assumptions about the
functions of a storage device tote 600 based on its presentation position. When the
transfer station 400is requested to yield a “bad output” storage device tote 600, it will
produce a “bad output” storage device tote 600, whether it started that way or not.

30 [0047] In implementations that employ storage device transporters 550 for
manipulating storage devices 500, as shown in FIG. 4, the automated transporter 200
is configured to remove a storage device transporter 550 from one of the test slots 310

with the manipulator 212, then pick up a storage device 500 from one the totes 600
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25for servicing by the robotic arm 200. Each rack 300 houses multiple test slots 310 configured to
receive storage devices 500 for testing. The robotic arm 200 defines a substantially cylindrical working
envelope vONPRYP129%8%h the racks 300 being arranged within the working? €REI3HK/045 %or
accessibility of each test slot 310 for servicing by the robotic arm 200. The substantially cylindrical
working envel0@@@@0me@b@fmmtwé%wﬁivéeﬁf@@ﬂﬂﬂwmdﬁglm?é@’o?ﬁll@tﬁ’ﬁﬂted in capacity
by height consirainis, @t&%@%ed%émpiﬁ%oﬁ*@@r §3ROHEIRETZAL: ige0levatediRy.and.supperted on a

pedestal or lift 250 on the floor surface 10. The pedestal or lift 250 increases the size of the working
envelope volufie élQ)fBS/t%ﬂFBWiﬁ’Egﬂ%ﬁét?%tf@‘ﬁFﬁ]SWﬁ%%%3%56%§é66’§?6%?96 200 to reach
not only upwardly r&it-adsend exewardhg ddsecviceotestsibise3l 0oThe digecnfthimatbeking envelope

e et Incletberay adding. BVSIic AT o SpaRdERIal (fbes0, TooedIThe

auto_matéd transp%ﬁ'%er 21(38 e nﬁﬁﬁred 0 ndently service 5each test slot 310 to provide a
continuous flowl6f(storaik devicenBoRtRIGUgATE EbHies s stermet dovisecoktifibus flow of individual

storage devices 508 ALk 1558000 e 490 allets Iondamsiarkanshsop times fo each

storage device 500, whereas other systems that require batches of stgrage devi 500 to be run all at
once as an enfiEAEtRY O AN ES U AETE TS Wé‘§{8ﬁg§nd§%%%5t??gté)s(?ﬁehog§§1§ore, with
10continuous tlaw, Glorge devitasaOnofidifferent capacities can be run at the same time and

serviced (Ioadg@ggioaded S peteﬁéah i%?%glﬁ%e&eﬁ[?%t%ﬁﬁéﬁr%%em%tpj@g gvige testing

system o in > a trans &r Stati ) 0 configured for bulk feeding of storage devices 500 to the
automated tratsperier 2605 Thee datorn awdnesnspitetdonibis serdeatifsepnsas 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
200. In use, one of the storage device transporters 550 is removed from one of the

15 test slots 310 with the robot 200 (e.g., by grabbing, or otherwise engaging, the
indentation 552 of the transporter 550 with the manipulator 212 of the robot 200). In
some examples, as illustrated in FIGS. 5-7, the storage device transporter 550
includes a frame 560 defining a substantially U-shaped opening 561 formed by
sidewalls 562, 564 and a base plate 566 that collectively allow the frame 560 to fit

20 around a storage device support (not shown) in the tote 600 so that the storage device
transporter 550 can be moved (e.g., via the robotic arm 200) into a position beneath
one of the storage devices 500 housed in one of multiple storage device receptacles
620 defined by the tote 600 (see e.g., FIGS. 8-9). The storage device transporter 550
can then be raised (e.g., by the robotic arm 200) into a position engaging the storage

25 device 600 for removal from the tote 600.
[0049] With 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 moved by the automated transporter 200 for placement
within one of the test slots 310, as shown in FIG. 4. In some implementations, the

30 manipulator 212 is also configured to initiate actuation of a clamping mechanism 5 70
disposed in the storage device transporter 550. This allows actuation of the clamping
mechanism 570 before the transporter 550 is moved from the tote 600 to the test slot

310 to inhibit movement of the storage device 500 relative to the storage device



15 each test slot 310 by transferring a storage device 500 between the transfer station 400 and the
test slot 310. The transfer station 400 houses one or more totes 600 carrying multiple storage devices
500 presentd@08d29i8hg by the automated transporter 200. The transferREAORUOOH 46service
point for delivering and retrieving storage devices 500 to and from the storage device testing system
100. The totestiBOspaiion HhdzOopdhatopte- o%]iﬁ’fefﬁ’é?ﬁﬁ‘é’@iév@%t%I%t?&rq’dg‘%torage devices 500 to

and from the tignsfen statiqn 400N dherexampla-shamevichits3 a6 tatatWisaagessible from
respective tote presentation support systems 420 in a tgr(-:‘sentz;uioﬁ;f osition agd may be designated as

a source tote 65060 BPIAGS LemEtith SPERYAYE Helieddh -

or f(taosrﬁﬁ% or as a destination tote
600 for receivingrigsied ssorageddevites EO0s(ar BothjnZbbe stimatiofe tote $(B0S imasetie classified as

‘passed peturny(oles; o ialled el (0les: (01 JPSRNIAGISIRSAINE. HOAYS lRNiGeRA00 that have

either passsed briafed'a ionality test, respectively. Each tote 600 may include a marking 660 (e.g.
barcode, colorsheark). oF heriibjupite nRBRNSIER’ASTE S0 - cobie s ooy gnge ¢am e Ued to identify

and categorize{giagsify ihe;tateR08 and iilsisrnisnimdos axanpiathe 30 markings §60 on the totes
600 are barcodes, which has been assigg}gi t?rpassociated with ce}(tain pro erties, (ﬁ)u%h as "supply

tote", "passed Yo 160 5 Hoied el SO BU0NS TSt Wit dnteSted storage
devices 500, aif ajeatatpbsiti@yihmdtectmachkiiecan f@ad tredaicaden66@.withie bar-code reader and

associalg the W0 Sl H7 P AICHRAANSIPAARIS HRRIK oleRIBBRIY Wtulgt tgte, before itis

loaded Ohto the transfer station . Similarly, an empty tote 600 can be associated with either the

"passed returnihotestolotalidd Terstantates prdisdrdpmersie tldncHa s oo Hd R fer station 400. The

marking propegty,£an B Assi ek E8nasJigansk akany i neer ReiRtonjthinstba hsystre.
[0046]Dynamic redefinition of the tote marki roperty. provides a significant advantage of this system
over manual sgﬁgﬁ?gfﬁﬁ?@ré%g‘gﬁa%;é’ 18%%06;0 6% s B S e o Semﬁregﬁ

&S are ung or placed in a particular location) or a
carousel systemmihihetiercadndiexiodlyy carbmset typickilyd ontains one type of tote). Since the transfer

station 400 10gjeyigtes a gl ORHIGUIALSIRIOR [9Eiha starResiRYIGRdeaUng sustem 100, the

location where the storage device totes 600 are loaded or unloaded becomes deco t(oled from the

u
function of the sy £d8 beinee thrss BH00 | hptbadoritied avicertsisstb b BIBIaiH &t &trage device

totes 600, and had QuRYS Sir A0S dRNer d0tBs 600 bate aldaated andipiadedframithe same place.

In the cases where I Sigjade, 1 0eYics (0179600,00.00L IS IS ALKt assigned toe

device 500. In some examples, the tote 600 rests on its back side 612 while in the

20 loading position, such that the storage device receptacles 620 are substantially vertical
and face upward, as shown in FIG. 8. 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

25 substantially horizontal and face laterally, as shown in FIG. 9. The tote body 610
defines arm grooves 630 in the right and left sides 615, 616 of the tote body 610 that
are configured to support the tote 600. Other presentation positions are possible as
well. The tote 600 can be held in an inclined position, while in the presentation
position, such that any storage devices 500 housed in the storage device receptacles

30 620 slide to the back of the storage device receptacles 620. In some examples, the
tote body 610 is configured such that the tote rests in an inclined position. In other

examples, the storage device supports 622 hold the totes 600 at inclined positions,
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(e.g. functions), the function 600 of the tote can change while the tote 600 is in the transfer station 400
or presented to the storage device testing system 100. For example, if all of the "good output” storage
device toteSVHRAMPE RS by the automated transporter 200, but there are SEEEN28988407Had output"
storage device 20 totes 600 waiting idle, one or more of these storage device totes 600 can be
reassigned (viavhiv mariegropestybaseuehitiony ey argdustperbetrestolage tevice totes 600. In
another examp|g,;igRut” storage device totes 600 can become one or the other type of "output”
storage device totes 600 once they are emptied, thus saving the effort of ] ov'in them from the
system and relfiSdking a difdIBATAIBL SPIBFLHE FEViRE f%egt{émf%ff@.t iﬁs préVides dtvantages for
storage devicestgatingdesysiempp®Osnitboiis gingleologgiem oot ta psfepstatione4G0Gh@ralise an operator
has no assumptions abqut the functi device t [ ntation
position.g\Nhen e fransfer Iéat%ﬁ%%vfgg%@%?ﬁéz{ggﬁégg%%%%%gQ&I?gliggsvt%%agég%g\a%e tote 600, it
will produce a tbadesteppersessade Wé@ﬁéﬁ@mmﬁé%ﬁémagfaﬁi%&%ﬁa?wg? fot. 30[0047]In
implementatiops that-&mplQipsiaragedayce-rrpsporess Bl ormaninulatingsiorage devices 500, as
shown in FIG. 4, the automated transporter 200.is confirgured to.rergl(z(y a s{org&e tdevice transporter
550 from one SFRAETRRNGKSEE%S] GHERITRE MEh BRSSP DTS Haie Stk Ul 4 St8rade device 500 from
one the totes 600e W&)20AB/123BEIRAIVIISROOUOL0VI6 priesehtedwtothbarierefisr station 400 with
the storgge deyice ransharier. 55 G, and b ET0 e laipge dRNIGS appoeraRAait a storage

device 500 therein, to the test slot 310 for testing of the storage device 500. After testing, the

automated trandpurtsrspoasredraoe SAR & astbe b1y YETIEEBH0 fron tHE 1&¥PEfot 310, by removing

the Sstorage dguicg HranspREESDL0 LAMINg he tesiedstarage de\doe 5QROHyam tisotest slot 310 (i.e.,
with the manipulatg)r 2%%? carrying the tested Stf"?% dgv'ce OdOtiq,Hw&sg rage éieev\{(i:ce transporter 550
to the transfer ¥tON 4B SHY FRAARIIEHHGHRE Shorals VL HAnsportar 550 16 return the tested
storage devicesb00ffwdihe abtie ﬁm\éseaﬂﬁpamhé?tra"msfﬁvmdﬁYMQﬁmlﬁﬁﬁ)m@Fme tieest slot 310,

shown IFIG. 4,4SURSRANORENING B4 coniguad daeralemasiaiads dauesitansporter 550,

which in this case provides closure of the test slot 310. The storage device transporter 550 is
configured to rEEEiRiy eie b ASHEAACET S0 SR hdtk HPEIEY 5, and be handled by the autoinated

transporter 20@ydsnyise, ongrefethastorageidevicedionsnerieis®ai, imeamafedticon aoe of the

includes a transfer station housing 410 and multiple tote presentation support systems

420 disposed on the transfer station housing 410. Each tote presentation support

20 system 420 is configured to receive and support a storage device tote 600 in a
presentation position for servicing by the storage device testing system 100. In some
examples, the tote presentation support systems 420 have adjustable spacing to
accommodate different sizes of totes 600 or to present totes 600 at specific locations
with respect to the automated transporter 200.

25 [0053] In some implementations, the tote presentation support systems 420 are
each disposed on the same side of the transfer station housing 410 and arranged
vertically with respect to each other. Each tote presentation support systems 420 has a
different elevation with respect to the others. In some examples, as shown in FIG. 11,
the tote presentation support system 420 includes first and second opposing pairs 422,

30 424 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. The first and second pairs
422, 424 of tote support arms 426 are configured to key-in the respective tote 600 to a

specific position, which can be known by the automated transporter 200. In one
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15test slots 310 with the robot 200 (e.g., by grabbing, or otherwise engaging, the indentation 552 of
the transporter 550 with the manipulator 212 of the robot 200). In some examples, as illustrated in
FIGS. 5-7, tMOSHIHGIBvice transporter 550 includes a frame 560 definind @ISUBXHIITIU-shaped
opening 561 formed by sidewalls 562, 564 and a base plate 566 that collectively allow the frame 560
to fit 20 around-astirage Weidd suppord (et Bhdwmytinmhecictd0bborsentadly wiisttage device

transporter 550.can e MEEH 1 dmidaibersnbote anm2AQk e a Resiiambeaaihone of the storage

devices 500 housed in one of multiple storage device receptacles 620 defined by the tote 600 (see

e.g., FIGS. 8-Fptheckibrags gagits f3hehOrér e 8l A hin BePraisBE g By & obotic arm 200)
into a position wegagngWhe steipgat2baevive GQ0day reenowal flomatheddte I560:140048\WVith the

storage device, 200 D ace MBI e iame SARlihe SRaoR dRyicabansRAlEaRAsthe storage

device trsanspo[’r?élrtlgg and t e storage device 500 together can be moved by the automated
transporter 200rfothslae Aidniwichin wrmeofetatiens dlotee 00 islersdininlEran 19n some

implementatiogs, the, 30, maniau'sior @iAdsialse canfiguueditalintiainaiuationadia clamping
mechanism 570 disposed in the storage device transporter 550. This aIIowi ctuation of the clamping

mechanism 570%&mracAtasnsTEEb S MR HER RS BU6' 8 thes test slot 310 to inhibit
movement of e stprage devieaibp@getativEl( the storage eehites Yispsed on the transfer

20091126383F C1IS2000/ 040798 anspales S50 BMOYE BFRIR Eggyion n th tst s

310, thé?naniﬁﬁté?gr &ﬁnga‘h again actuate the clamping mechanism 570 to release the storage
device 500 withipptre4#andBB0s TS zmedvs feraivsarfbRIMe s5rssdaEAR Y sporter 550 into

one of the testglots 33 Qattilihsosteiage drvike RORisiadast ibnasiion wilh acstakage device
connector 510 engaged with a test slot connector élnot show .ﬁ%@rgoccllampin%m%%anism 570 may
t in

also be configBfeitd-ehgalgl the st it LIV SYRE G ERaTY AMTE inhib

F'movement of the
storage devicertiarspaitdirbad selativiortholimgestistogSddidn suchlimplkelnehtgtipngiconce the storage
device 500 is ip the test positign, the cl ' ' 791 ' by the
E6PANSH L 8.8 F19Ag60,3080 (&:8haPY
1Omani|13%Iatorpﬁ‘fz’)nt%%lﬂﬁl Oﬁﬁg’gglrg\ae%n%;?t@g gtéorage_ dg\}/icé traniporter.S‘SO relative to the test slot
310. The clampisigiof the heddisperssrsBoiayigsioom 2Ahar BaRseIp s T BOREAKT&idhE during testing. In

some exampleg,afief A5 Qi ig-Haregeomdce ansparee kb asthatorageeasvice 500 carried

therein are both clamped or secured in combination or ing%i?gallé v(\gjlthin tg?ctggrtl %%310. 15[00501In
5t& 5o yeé% ﬁavmg a tfont side 611, a

the example illlf&HSREE S PYES sEgeele vis ehias s idRs &
back side 612 jad@pesidantpla, enbaiiopiesidetidsprightyside 61 ands ehiefttsité0616. The tote body

P leTHieS RIS, 21RO L56R VESRRIPGIRRAATHT 16BNk EUR GLL Ry figeach configured to
accidentally slipping out of the tote 600. The tote mover 430 maximizes the available
input of totes 600 presented to the storage device testing system 100. Furthermore,
the tote mover 430 allows totes 600 to be delivered to the transfer station 400 at an
ergonomic height and in an ergonomic position or manner (e.g. the loading position).

25 The tote mover 430 then moves the totes 600 to their presentation positions, which are
not necessarily accessible by or ergonomic for an operator, but are accessible by the
automated transporter 200.

[0055] In some examples, as shown in FIGS. 12-14, the tote mover 430
includes a multi-axis actuator assembly 700 having a vertical actuator 710, a

30 horizontal actuator 720, and a pitch actuator 730. The vertical actuator 710 is

disposed on a side wall 412 of the transfer station housing 410 and controls an

elevation of the tote loading support 440. A lift carriage 740 couples the vertical

actuator 710 to the horizontal actuator 720, which controls a lateral position of the
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device 500. In some examples, the tote 600 rests on its back side 612 while in the 20loading position,
such that the storage device receptacles 620 are substantially vertical and face upward, as shown in
FIG. 8. In offYér 281129883, the tote 600 is held in another orientation while iR€RERFPABMY FBSition, such
as at an incline or in a vertical orientation, as with the presentation position. In the presentation
position, the toteef08inestommitdHbtibifisirhied’tl isactr lhaterkehoizgedadieddetebtacles 620 are

25substantially horizonial angkfage: i eialy, Asshewn IIE. Brelibe toteiRodypd0 defines aim
grooves 630 in the right and left sides 615, 616 of the tote body 610 t at1 e ?ni: reocllto support the
b BB Al

tote 600. OthelSpise@H#EITIsILRIBAS HrRlo52em L e’ Fhs tid in-an inclined
position, whiletif thelpieseniality) pasitiomtselch piab afjhstoragedeycepd0dibolisel in the storage

device receptacies, 30 020.3/da jo e pstalins, siprage dsyia feceniasies 620. In some examples,
fguré . LIYC, L , AU

t
the tote Body éff)’?sof:on such that the tote rests in an inclined position. In other examples, the
storage devicessitghporsade 2 fisivitadhotes§o0 At Inéhhet pokitibngripele shown in FIG,

2009/129383PG THIS2ARQ(FAATA6 WhiEhinSOmE Lagas:may he yarable: (€794 set by an adjustment

screw, lever, or actuator). [0051]In the example shown, each storage deyice receptacle 620 includes a
storage device StRIpOAREL A8n A (P& é)tl?%le%%ﬁmﬁgﬁogﬁ?’dﬁe%ﬁﬁ %éeén}:%.t of 5the received

storage devica @b ioalax r@ariipkatiadiog theistarageogenioe $00lel drgieiomeenttdlportions. In

some implemegiations. ine.Saro0¢ dRVGE AURRAILGRAIR.LR0NAUEGH dR.HPROIL e storage device 500

at an incline, WIEH\é the 1o IS In a substantially vertical orientation, such that the storage device
500 has a tendirgetsasiide dwepayiatHa biéragBeeview rsclstannsiortrtiaf il heHiSut of the storage

10device receptaglgiRP4WheR hR: NG00 I5 itestingaiciisAotianisidrbidvef asemuie a housed
storage device 500 from the storage device receptacle 620, the storag.e devi 6ra orter 550 is
g NS Jii storage device tote%% iy

positioned bel6A Y LSPIGRr &V B8 BERE.

presentation position at a specific tote presentation support system 420 based on either

15 a user input (e.g. via user interface allowing the operator to specify a destination tote
presentation support system 420) or a program or control algorithm that monitors and
allocates availability of tote presentation support systems 420. In some examples, the
transfer station 400 includes a marking reader 760 (see FIG. 12), such as a barcode
reader, disposed on the tote mover 430 (in the case shown, on the lift table 750) that

20 reads the makings 660 on the totes 600 (e.g. while in the loading position) and moves
the totes 600 to their respective presentation positions based on their marking
properties. To move the storage device tote 600 to the presentation position at one of
the tote presentation support systems 420, the vertical actuator 710 alters an elevation
of the storage device tote 600 to coincide with an elevation of a destination tote

25 presentation support system 420. The pitch actuator 730 alters a pitch of the tote
Joading support 440 to move a supported storage device tote 600 to the presentation
position. The horizontal actuator 720, and optionally the vertical and pitch actuators
710, 730, moves the storage device tote 600 onto a destination tote presentation
support system 420. Preferably, the pitch actuator 730 alters a pitch of the storage

30 device tote 600 to move from the loading position to the presentation position before
the vertical actuator 710 changes an clevation of the storage device tote 600 to
coincide with an elevation of the destination tote presentation support system 420.

The tote mover 430 can maintain a relatively smaller footprint while altering the

16



arm 200) in die storage device receptacle 620 and elevated to lift the storage device 500 off of the
storage device support 622. The storage device transporter 550 is then 15removed from the storage
device receP¢&80822°%#ile carrying die storage device 500 for delivery to 2B MHIA 9 et, such
as atest slot 310. [0052]Referring to FIG. 10, in some implementations, the transfer station 400
includes a trandéentsiavdthhowsigg dvEatmderpftiple sdteqptedbritmical SUspEHSystems 420 disposed

on the ransfers{aign ORSING 16, ESGIple ATRSRIAIER SURRUARRSIERA20iS configured to

receive and support a’'storage device tote 600 in a presentation position forfzf‘er_vicin by the storage
device testing Sigténineinedicsd A WHmpPISEcHHE BRI BN TRR O SIS SYSEENE 420 have
adjustable spagingtaAespnnagate diffesentiaizes olitotesy60pon o prestattotas: 600 at specific

locations with respect to eeHitomat dtnﬂ:&59?6t‘a7r38990p2??i%01‘§%1% mgniﬁgpl&mg]ntations, the tote
b py t

. device fote . ctuafors s . )
presenta?lon support systems 626 are each disposed on the same side of the transfer station housing

410 and arrangedverticallyavithsterse cietdce seth SAEIOTE Herpretengréapestivn SUPSaHt systems 420
has a different,gleyation with raSReEb 1o R AtherpARSOME RXAMPIRRIAS SHOWRiNdI6 11, the tote

presentation support system 420 includes first and second opposing pairs 422, 30 424 of tote support
aims 426 conffijUfBHd 1 be received by respective ann grooves 630 defined by the tote body 610 of the
storage devicg$056]1600. Tha fissicantisecand pairhd 2R 4a4ohtofehsuppdrtdinmsuppérare configured

to key-in the respective tote 600 to a cific. position, whic ated
transponjf)er 206‘.1 ﬁ%%l@%&f%%@}ﬁ@%ﬁ%é 1. &gfég%%%%ﬁégg)ér%g%ﬁ %1%!7&)8[@ golﬁg{?: moved (e.g.
by the tote moiseni80)thdsizoriedly bnechenénplspeatiiorteiispRRsHimCids, féflowed by an

incremental mpvamet SownAnd AubLit.get the AIBEReNesE30.¢f thadaRao@is the keyed
presentation position on the respective tote support arms 426. H%I ing the tote 600 at a specific

predetermined®SpPESIAbA IR SMEh AR FRHESSIREI S 5348 cess the tote 600 without knocking
into the tote 6Q003msome implemeaniplianathentotbe6RISIocked #plackdrstheqriegentation position
by a tote lock 428 (e.g, mechanical ajj olenol ' chanpism) gispgsed on the tote
present?ﬁion S %%féf?%ﬁ,éq’eﬁg%&”& f[b%?f]@é?é%r?%Saa%ga?r%%éggi%g?%b?o%gger 4%0 is disposed on
the transfer 10stafigrrdsonsingiua 0 verags doifrgaie o irrcvasiepivstaredimed st loading

loading support 440. In the example shown, the staging platform 460 is disposed on
an opposite side of the transfer station housing 410 of the tote presentation support
systems 420. An operator may place or slide (e.g. from a cart) a storage device tote

20 600 carrying storage devices 550 onto the staging platform 460 and then move the
storage device tote 600 onto the tote loading support 440 to the loading position. In
some examples, the transfer station 400 includes a door 470 pivotally attached to the
transfer station housing 410 and configured to provide a closure over the staging
platform 460 and/or a tote supply opening 471 defined by the transfer station housing

25 410 while in a closed position. When the door 470 is in an open position, allowing
access to the tote loading support 440, the tote mover 430 is disabled for safety
reasons.
[0058] Referring to FIGS. 16-17, in some implementations, the transfer station
400 includes a tote mover 430 having a multi-axis actuator assembly 700 that includes

30 a vertical actuator 710 and a horizontal actuator 720. In the example shown, the
vertical actuator 710 is a belt driven lines actuator and the horizontal actuator 720 is a
first conveyer belt assembly coupled to the vertical actuator 710. Each tote

presentation support system 420 disposed on the transfer station housing 410 includes
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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 position. The tote mover 430 is
configured tWeh#/1A&38te loading support 440 between the first position, RSFHBRINYG/8#8T8¢age device
tote 600 in a loading position 15 (e.g. in a horizontal orientation at the loading support's first position),
and the second jpesitiaripforcheicing 2 stofigge devieesioteBODINE Freaendaricn Pissition (e.g. in a

substantially vegsiGal.gieation) ﬁés‘?&lﬁl%JG&J&@%@%@@&%}Q&%%@%ﬂ%@%&ﬂ%é@r servicing by
the storage device testing system 100ée.g. by the robotic arm 200). In some ex?mples, the tote
tH

presentation sppBIESPEIERR ATBAHBIAS e (5EOBDE BY &Y I TShLsHElin B (5285 8% vertical) orientation
to keep storagafieviaes oRdomdaeceidentaly:slippinghalitoahthestofer 6080 heutdie Mover 430

maximizes the available input of totes 600 presented to the storage devi i 100.
Furthermore, 116 O TRVGIS0 HIBER (o o0D 0 AL e e ot 2 S0t an
ergonomic heidértient in@, ergondmis! position i raring testprabe dordmgpositiBriie2sThe tote

mover 430 thep moves he 1ole 080 hairnrierentationpesitigns . viichaiesnat necessarily

accessible by or ergonomic for an operatar, but are accessible by the autorrrt%te(} transporter 200.
es

[0055]In some &XaRR SR GHRINAIANEIRS §1e1'914 RregB B2 MBORT M50°THE y

_ : multi-axis actuator
assembly 700 havinga agitical 7actudtaicéd headbherizontaloactoatond 2, maskatapitch actuator 730.

The vertical actuator 710 is disposed on a side watt 412 o t ing 410 and
controls'an e|é§,¢§‘ff§%rg:f|’ %hg %%J%Og fn%essi}(ﬁrs ?t\alﬁgé igfﬁtgggﬁ?a(gg%fg%gc%éﬁég §t]rglgi\{/lg)rg[ical actuator
710 to the horizonihabtutosT2ge dhich Eotitetssictatdialpasiticheaphrec o 200).

2009/ 129383F’[@Jf/éils2009/9#%%&@&@5@@,4&%&4&9%&6@4éolimam@ 75Qtiswatiached to the

horizontal actuator 720, which may include a pair of linear actuators as shogln. The tote loading

support 440 is P St Bty d Yot HY EBHE] F A AME iR B le 750) and the
pitch actuator 3@ whichteerfeolsaaqitehoof thedeteuqddidg suppoitdd@oEdthisdetdaator 710, 720,

730 Canut‘u) € baﬂg%‘%g ‘é‘.’g‘ngaskjﬂ?dt?ﬁﬁceﬁed&il\’%”on%r@? Ql%rgqg‘?gs 600 need servicing (e.g. to
load/unload storage device totes 600 to/from the transfer station 400). In another
example, the station indicator 418 includes one or more audio devices to provide one
or more audible signals (e.g. chirps, clacks, etc.) to signal an operator to service the
transfer station 400.

20 [0060] A method of performing storage device testing includes presenting
multiple storage devices 500 to a storage device testing system 100 for testing and
actuating an automated transporter 200 (e.g. robotic arm) to retrieve one of the storage
devices 500 from the storage device tote 600 and deliver the retrieved storage device
500 to a test slot 310 of a rack 300 of the storage device testing system 100. The

25 method includes actuating the automated transporter 200 to insert the storage device
500 in the test slot 310, and performing a functionality test on the storage device 500
received by the test slot 310. The method may also include actuating the automated
transporter 200 to retrieve the tested storage device 500 from the test slot 310 and
deliver the tested storage device 500 back to a destination location.

30 [0061] In retrieving one of the presented storage devices 500 for testing, the
method preferably includes actuating the automated transporter 200 to retrieve a
storage device transporter 550 (e.g. from a test slot 310 housed in a rack 300), and

actuating the automated transporter 200 to retrieve one of the storage devices 500

18



suitable means of driving the actuators 710, 720, 730. In the example shown in FIG. 12, the vertical
actuator 710 includes a slide guide 712 driven by a belt 714 via a coupled motor 716. After an operator
places a stoYH20a¥¥dSbte 600 on the tote loading support 440 in the loadtkd’/PE2MBAHFAW operator
enables the tote mover 430 to 10move the storage device tote 600 to the presentation position at one
of the tote presemtationsufiporisysidhsnd2emintizosmeaesdmplesOthia tharnsferzsdriaie 400 houses a

controller 490 (see FIGSs10 1 DR communicatianwith-haeteaveipdae: Jacontroller 490

directs the tote mover 430 to move the storage device tote 600 to the presentation position at a
specific tote pr3RRtAIDHLABHER SyLtamPase Balsarairaither P8 USIhpUt f%.%? Vi user interface
allowing the oRgyEd0y torsRedifyaesittatoditgte prestatatiapesippert @y stemed@0)hor a program or

control algorithm that monitors and allocates availability of t tespresgniation sUBpQrt systems 420. In
some example§ the traRe erd:?t\gﬁeoﬁr%gofﬁccrh%\ggnép %gyF ?gé%reac?ér 7_%(?‘%5%_#%212), such as a
barcode readet¢liisposde: sttt thtdomvesrase (F0tHetaisst show) Brludes|ifseabng ¥50) that 20reads

the makings 660, qn.the faies 800:(&- 9s Wil inthe eadinapasition) andipexesdbsitotes 600 to their
respective presentation positions based on their markin% properties, To méwe thsigstor ge device tote

600 to the pre&diatior) BosTHBHSEINS Y BEtHic B SrESRREANS T P PORE Liditfs 423 the vertical
actuator 710 affers@nelevatientafihei storagetcevicadoterGRQItoi cofitideenithiad elevation of a

destinatin ol 2epresenialion uppar Ve 420, 107 PIGAACHRIGL 130 gl 2 pich ofthe tote

loading 1souppo%f1 40°to move supported storage device tote 600 to the presentation position. The
horizontal actuatomdge; sitcoptioaally tedeiiear dndsitth dcmabsrssrt 78d2#oves the storage

device tote 60Q.pLp @9@%&%&95%@&@@@5@@@@9@osamaﬁraﬁyﬁt@mtﬂzps@;e;eeably, the pitch actuator
730 alters a pitch of the storage 30device tote 600 to g%r)ve from 6%e eJgading position to the
I

presentation pBaitiBHIBRALE EREVATHLAr LA UARIPS TorEiFaRGEL L &I0AABIS of the storage device tote
600 to coincidenyitinentaienatinnrefithedestinatiamiote presienthtionssuppbitsystem 420. The tote

mover 430 can maintain a relatively smaller f f i eri
2000112538 3P TSR BLSUAS PSash o ices %?E%Ohlé%%g%%%&é%g%g%ggqrgoaagﬂ%g{antiaIIy vertical
orientation. Preferelbly 1thénteteeBadissstipp i eamraippertstiondifigrapkiusvE&ibte 600 at a

[0062] In some examples, the method includes actuating the automated
transporter 200 to deposit the storage device transporter 550 in the test slot 310 after
depositing the tested storage device 500 at a destination location (e.g. in a storage

20 device receptacle 620 of a destination storage device tote 600), or repeating the
method by retrieving another storage device 500 for testing (e.g. from the storage
device receptacle 620 of a source storage device tote 600).
[0063] A method of supplying or presenting storage devices 500 to the storage
device testing system 100 includes loading multiple storage devices 500 into a storage

25 device tote 600, placing the storage device tote 600 in the loading position on a
transfer station 400, and actuating the tote mover 430 of the transfer station 400 to
move the storage device tote 600 from the loading position to the presentation
position for servicing by the storage device testing system 100. The storage device
tote 600 is supported in the presentation position by one of multiple tote presentation

30 support systems 420 disposed on the transfer station housing 410 and arranged
vertically with respect to each other. Multiple storage device totes 600, each housing
storage devices 500, can be sequentially placed in the loading position on the transfer

station 400 and moved by the tote mover 430 to its respective presentation position at
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slightly inclined (e.g. off vertical) orientation while moving the storage device tote 600, as to keep
storage devices 500 from accidentally slipping out of the storage 5device tote 600. The actuators 710,
720, 730 cobstra&/1393%hilar manner, but in reverse, to move the storage RVICESEH/BHTPom the
presentation position at one of the tote presentation support systems 420 back to the loading position
for servicing by Hiheratotiplo 086 jirc suatorplav raorsi 2k Efissrposkiby BF tieriste loading
support 10440di(§v§cléq§btgﬂ;i§§,l§{égpqig@ntal and the second position of the tote loading support 440 is
substantially vertical. In othér implementations, the first position of the tote lpading s#pport 440 is at an

angle with a h&?¥tal plard {8 4B mioMSHE d BaRAsISPYGBASHE HIABLRBHY of the storage
device tote 60Q} (065 7] nsenisfinpleimeniations, the tiaosfepstation 260 dnctudeéssa staging 15
platform 460, as shown in FIG. 15, disposed on the transfer station ing.4 configured to
Feneive 4 stor BT T e R B e L e
example showsiatike Istagingpihtforin e edisprosid ol arpoppduitaaies 8f1ise PEne8r station

housing 410 Ofrﬁé%%@iﬁaﬁaé%&mﬁgm&%yg@%é?&ee@oqp@r&@émﬁg plaseoeslide (e.g. from a
cart) a storage device tote 20600 carrying stora%zdevices 550 onto the Sli? é%%%latform 460 and then
I

move the storaBe9eute b Beiang s terhie: IBABKYSRIBS A 40 18 RS Bition. In some
examples, the #aabieslstaiionAdfipelides adamodd thpivatatly attached to the transfer station

housing 410 a nfigured to provide a closure over the s ag'n |t 6Q.apd/or a tote supply
opening19l71 stﬁ)r%?e by the rré%)[sgf%\ér %%telf)%ﬂ 3&fncga %BI%hﬁsétgﬂg a c%sesg) position. When the door
470 is in an opeerqEesitions slo®iRgacdessidtinls fetsadinesapHETRA2DlIE@WIEMIVer 430 is

disabled for safety, taasensn9058lRelang i fdeSwiBrldodnosane inplementatiees, the transfer

station 400 includes a tote mover 430 having a multi-axjs actuator s§emb‘.ll¥ 00 that includes 30a
vertical actuat&iy P8 PRl SREP AL IR TG T Y ERA P BREWIT TRE V&Mical actuator 710 is
a belt driven linesaetewionandtthedorizentatiact ol #20 is aufirsteconveyerd bisltsasgembly coupled to

the vertical actyator 710. Each tote presentatio suppart system 4 0;disposed.an the transfer station
housingﬁlo ifcludes” 62%90/%;5%%%8%8 eZOBICJJ%E;O(A)fW% a Earéesentation actuator 735 configured

to receive anddslippong disteraegs devireStitéosoesilatgréschta b dnrdiite reBAlRiTgy the storage
device testing %@mgggn%gegmtgggm etiatre [Roils arvaaandieanrueren el assembly. The

transfer station 4(f)0 includlgus at'doci.r 470 pivo};[aII%/ attac(:lheid tg O%ure gr?gesc{%r S %ttigsrg Sq(g)t%sli&g 410

performing a functionality test on the sforage device cce Yy
The method may also include actuating the automated transporter 200 to retrieve the

20 tested storage device 500 from the test slot 310 and deliver the tested storage device
500 back to the transfer station 400. In some examples, the method includes loading
multiple storage device totes 600 carrying storage devices 500 onto the transfer
station 400 by sequentially placing each storage device tote 600 in the loading
position on the transfer station 400 and actuating the transfer station 400 to move each

25 storage device tote 600 to a respective presentation position for servicing by the
automated transporter 200. The method may include actuating the automated
transporter 200 to retrieve a storage device transporter 550 (e.g. from the test slot
310), and retrieve and carry the storage device 500 in the storage device transporter
550 to deliver the storage device 500 to the test slot 310.

30 [0066] A number of implementations have been described. Nevertheless, it
will be understood that various modifications may be made without departing from

the spirit and scope of the disclosure. Accordingly, other implementations are within

the scope of the following claims.



5and operable to pivot between an open position, for receiving and supporting a storage device tote 600,
and a closed position, for placing the storage device tote 600 in the loading position on the horizontal
actuator 720. The tote mover 430 moves the storage device tote 600 to one of the tote presentation
support systems 420. The horizontal actuator 720 advances the storage device tote 600 onto the
presentation{facisalfimédGs:which moves the storage device tote 600 to the presentation position for
servicing by the storage device testing system 100 (e.g. by the robotic arm 200). [0059]In some
examples, the transfer station 400 includes a station indicator 418 which provides visual, audible, or other
recognizablel indicafanstRb@oengirisiate states of the transfer station 400. In one example, the station
indicator 418 includes 15lights (e.g. LEDs) that indicate when one or more totes 600 need servicing (e.g.

to load/unload stor&§E BV RBEY BT &SI RETRHALR SEARHE 2BRRtANShother example, the station

indicator 418 includgRep#i fHeTiesEopEEiaHe \I6epidgrovide one or more audible signals (e.g. chirps,
clacks, etc.) to signal an operator to service the transfer station 400. 20[0060]A method of performing

storage device testing inclP38YBrB¥Ehtiy HRiGhiLedRira g BRI ES K BEMES Aot iRk dEViRe testing

system 100 for testiagiag@yaeskating an automated transporter 200 (e.g. robotic arm) to retrieve one of

the storage devices 500 from the storage device tote 600 and deliver tthe retrieved storage device 500 to
2 test slot 310 of a rack 3G6URHE ALGEEIEH CRRSRRHE ) RHE Yob THH SIS HRJEPdRies actuating

the automated trangngtisie 206k iorinseit the fitoragk davieekQ0 in the test slot 310, and performing a
functionality test on the storage.device 500 received by the test slot 310, The method may also include
, 0 AR AR e i B o o

actuating the automated tALh H}Qe'ih%@HtP&‘Pé fharteLia 3?5@ IMBIR e eEst slot 310

and deliver the testedtslotagerdaliskedpile tatkdayatdastination location. 30[0061]In retrieving one of the

resented storage devices 500 for testing, the method preferably includes actuating the automated
'?ransporter 200 %o retrievel 3erting the ]III‘S disk drive in tlﬁ)e ?lrst tes¥s ot; and g

unloading the first disk drive tote from the disk drive testing system; and
wherein the second operations comprise:

loading a second disk drive tote into the disk drive testing system;

actuating the automated transporter to retrieve a second disk drive from a
second test slot of the disk drive testing system;

actuating the automated transporter to deliver the second disk drive to the
second disk drive tote; and

unloading, by the second disk drive tote, the second disk drive from the

disk drive testing system.

2. The method of claim 1, further comprising:
actuating the automated transporter to retrieve a disk drive transporter;
wherein actuating the automated transporter to retrieve the first disk drive
comprises:
actuating the automated transporter to retrieve the first disk drive from the
first disk drive tote by using the disk drive transporter to carry the first disk drive;
and
wherein actuating the automated transporter to deliver the first disk drive to the
first test slot comprises:
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storage device transporter 550 (e.g. from a test slot 310 housed in a rack 300), and actuating the
automated transporter 200 to retrieve one of the storage devices 500 WO
2009/129383PCT/US2009/040796 fi-om the transfer station 400 and carry the storage device 500 in the
storage device transporter 550. The method includes actuating the automated transporter 200 to deliver

the storage device transpQegffifg taraMtoehiel sanapsrdevice R0 ddhrsiestiviol #ip deeperforming a
functionality test on the storage device 500 housed by the 5Sreceived storage device transporter 550 and

the test slot 310. InCEERABLIE ISR SIeUurity T Eeb st qEvice transporter 550 to the test slot 310

includes inserting the storage device transporter 550 canying the storage device 500 into the test slot
310th the rack 300, establishing an electric connection between the storage device 500 and the rack 300.

After testingJs com‘H@LéTbeg‘r‘?‘iﬁg ClAm Je WBGTRE SRRy RMeethtaN TpRRat ERideye IR Ty $heisk tomated

transporter 24\ tofreiiigweriie Sk ageciowaritransrpskeddadicaubnethy frefethiigrage device 500 front
the test slot 310 and deliver the tested storage device 500 back to a destination location, such as a

destination IBFAJELBRGRBAEEB00 on the transfer station 400. In some implementations, the rack 300
and two or more assesifseihdant 3rie drie armhdiraniigueadite mmeveistanage devices 500 internally from

one test slot 310 to another test s|ot 310 in case the test slots 310 are provjsioned for different kinds of
s, 10062]1m somi T Ba T Bk AL IHE B TR b e PO iRd s P sb R EMET IR0 to doponi

the storage device tanapgries RO diskérigsirstnt ik afior depgsiting dne Fstadtatofiagaldrvice 500 at a
destination location (e.g. in a storage 20device receptacle 620 of a destination storage device tote 600),

or repeatingqﬂ¥entu% od by retrieving another storage device 500 for testing (e.2 from the storage device
receptacle 620 of a source storage device tote 600), [0063]A method of supplying or presenting storage

Storage 250dice 1OLMEB BRENGUE S e DUVR U By T RE Tl B BRIk

drive, is inserted into the first test slot, engaging the first disk drive with a connector of
the disk drive testing system, and providing closure of the first test slot.

5. The method of claim 1, wherein the first disk drive tote is held in a presentation
position by a transfer station configured to hold multiple disk drive totes in the
presentation position for servicing by the automated transporter.

6. The method of claim 1, further comprising:

actuating the automated transporter to retrieve a third disk drive from the multiple
disk drives in the first disk drive tote; and

actuating the automated transporter to deliver the retrieved third disk drive to a
third test slot of the disk drive testing system and to insert the third disk drive in the third

test slot.

7. The method of claim 1, wherein the first disk drive tote is supported in a

presentation position by a tote presentation support system.

8. The method of claim 7, wherein the tote presentation support system comprises
first and second opposing pairs of tote support arms configured to be received by
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transfer station 400, and actuating the tote mover 430 of the transfer station 400 to move the storage
device tote 600 from the loading position to the presentation position for servicing by the storage device
testing system 100. The storage device tote 600 is supported in the presentation position by one of
multiple tote presentation 30support systems 420 disposed on the transfer station housing 410 and

arranged verdegdbtivatarie gpesido Rarf@Bies thlabiglg starRaR devikaiiniesds®0, each housing storage
devices 500, can be sequentially placed in the loading position on the transfer station 400 and moved by

the tote mover 430 to its respective presentation position at WO 2009/129383PCT/US2009/040796 one

of the multiple tote prRSABAGOBIHIRPOL FUFRNsMstinGervicing by the storage device testing system
100. [0064]In some examples, the method includes opening a_door 470 pivotall¥ attached to the transfer

station housing 41P1B-4K %ﬁr oSO YR BB P8 RORKINT QR # ARGS9 AYDf a tote supply

opening 471 definesthiating transipsreiaigivhau sy« fing inrapTabletorrestine laagsypport the
storage device tote 600. The method includes placing the storage device tote 600 in a preloading position

on the door B9 UMYIRIR SFSSEHRURAR A HPLICE SRR EhBYHHE AHRIRSY LigheRPi¥sition, thereby placing

the storage device tote 600 in the loading position. 10[0065]A method of performing storage device
testing includes plagjng a storage %g%/lice tote 600 carrying multiple storage devices 500 in a loading
position on alpransfzbgfgﬁgwaﬁ%,c 0 ity 1R ERIRREE Y ation 400 to move the storage device tote 600

from the loading positiging@ oy eReRIAGON FRsfilendiek seividitg:; kyy@n automated transporter 200. The
method includes act atingtthe autorgqated tr?ns orter 15200 t&éetrie\é%@e. of the storage devices 500
q ot

from the storage de/ AR A LIRS tﬁ"@@t@rﬁ?ﬁé’ | Jg S LYELPESOTRI$He method

includes actuating the autapaagidgtansResRr 206040 iosest b siosraskeviee toofiorthgdest slot 310, and

erforming a functionality test.qn the storage device 500 received by the test slpt 310.
P 9 ?oa(“r}g] posnolon to tﬁe prgsentat\llon p05|t|oncbase onythe tote marﬁltng.

11.  The method of claim 10, wherein the tote marking comprises a barcode.
12.  The method of claim 10, wherein the tote marking comprises a color marking.

13.  The method of claim 10, further comprising assigning the first disk drive tote a
function property that affects usage of the first disk drive tote in the disk drive testing

system.

14. The method of claim 13, wherein the function property is dynamically re-

assignable during usage of the first disk drive tote in the disk drive testing system.

15.  The method of claim 9, wherein the transfer station comprises:

a transfer station housing;

multiple tote presentation support systems disposed on the transfer station
housing, a tote presentation support system configured to receive and to support at least
the first disk drive tote in the presentation position for servicing by the disk drive testing

system; and
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The method may also include actuating the automated transporter 200 to retrieve the 20tested storage
device 500 from the test slot 310 and deliver the tested storage device 500 back to the transfer station
400. In some examples, the method includes loading multiple storage device totes 600 carrying storage
devices 500 onto the transfer station 400 by sequentially placing each storage device tote 600 in the

loading position onghetérapsiarriphesi4PCiRndansteritagdhediansfenatasienydih i meve gach 25storage
device tote 600 to a reS{)ective_presentation position for servicing by the automated transporter 200. The

method may'$aeitBR THstlithgrike QIRGETAURED (RG50S PRSHIRY R AR ReSEVAH R WA B 8hsporter 550

(e.g. from theriest shetrddRiplanetegireeyansh eappotbsystarrge device 500 in the storage device
transporter 550 to deliver the storage device 500 to the test slot 310. 30[0066]A number of

implementations have been described. Nevertheless, it will be understood that various modifications may
be made withgut depaitittedresmpiRisiirit and scope of the disclosure. Accordingly, other implementations
are within the scope of the following claims. What is claimed is: 1. A method comprising: performing one

or more of first ope P&l E BIIEHAHE LB ARFIEHARSRESHFANY RREABASScomprise: loading, by a

first disk drive tote, Wheképherieh Sk striyreainépLcdinlribdve testing system; actuating an automated
isk drives in the first disk drive tote; actuating

tLaenzﬁfc::ﬁ;ttgdr?rtgr?;’p?o?tg:I?’té ls@lé\?grﬁlj i f%&%‘%&&ﬁ#@%ﬁ ISt IPK A6 B he disk drive testing system:
inserting the first disk drivelitihg thestitsstislotrardote inalpading pasificst shiskietiéeetatatiopm the disk
Ve st g Sy St A e e frat disk i fué 1ote in TR |oading position, the multiple
disk drives into a disk drive testing system;
actuating a tote mover of the transfer station to move the first disk drive
tote from the loading position to a presentation position for retrieval of at least
one of the multiple disk drives by the disk drive testing system; and
unloading the first disk drive tote from the disk drive testing system; and
wherein the second operations comprise:
placing a second disk drive tote in the loading position on the transfer
station;
loading the second disk drive tote into the disk drive testing system;
actuating a tote mover of the transfer station to move the second disk drive
tote from the loading position to the presentation position for receipt of a disk
drive retrieved from a test slot of the disk drive testing system; and
unloading, by the second disk drive tote, the disk drive from the disk drive

testing system.

17. The method of claim 16, wherein the first disk drive tote comprises a tote body
defining multiple disk drive receptacles configured to each house a disk drive.

18.  The method of claim 16, further comprising:
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loading a second disk drive tote into the disk drive testing system; actuating the automated transporter to
retrieve a second disk drive from a second test slot of the disk drive testing system; actuating the
automated transporter to deliver the second disk drive to the second disk drive tote; and unloading, by
the second disk drive tote, the second disk drive from the disk drive testing system. 2. The method of

claim 1, further congpeging aafbatinghtbeeaWeMmrie dieansRusaidQiRIAaVe fdind do warkasteporter;
wherein actuating the automated transporter to retrieve the first disk drive comprises: actuating the

automated tSHEbRAMSOG T EGaNSTRFSIRIOR ARYSIRIDLEE TharavdrefHoRH B @l ByRISPRYE disk drive

transporter tgeaing theFifiest isljskdtriesfrepstavbaneduasiuating the automated transporter to deliver the first
disk drive to the first test slot comprises: actuating the automated transporter to deliver the disk drive

ompr . C >
transporter carryindIAdHPaIIHISE 5 YRLOTRIP R ERAdIR0 PRV AR AR HB HRint 8 d3ferein the

automated tignagesefigetse e sethe/tirstdislsdspafrretitRedisriarisk thiveatete with the disk drive
transporter by performing operations comprising: positioning the disk drive transporter below the first disk
drive; lifting the fi%?ﬂ&té)ﬁ\qg%fpﬁ 'Eﬂgﬁ'Hgiyéeﬁﬁé?tao?lff%@qipgﬁmgﬂ'drive tote; and carrying the first

disk drive in the disk drive transporter away from the first disk drive tote. 4. The method of claim 2,

wherein the disk drive transparter, carrying the first disk drive, is inserted into the first test slot, engaging
the first disk tHive wifl§ yeﬁsﬁeislam @&Y}é‘ﬁralfi\/ ?éQ{ﬁw'&‘%‘{/%rtéﬂﬂT‘Qﬁ%?‘d@%‘&%@ﬂi@@f the first test

slot. 5. The ety aoriBiurdd whae threfisstithiskidvwy eototseisvbaidrn Rargaiidtion pasition by a

transfer station configured to hold multiple disk drive totes in the presentation position for servicing by the
automated n%ﬁ%%%%ﬁﬁ“@?‘ﬁﬂé‘%&hod of claim 1, further comprising: actuating the automated
transporter to retrieve a third disk drive from the multiple disk drives in the first disk drive tote; and

liver the retrieved third disk drive to a third test slot of the disk

tuating th t ted t ter. t !
v tosting S ston BT CRLEH IR ARG AUl e e Gl oe o) CompTces

vertical actuator, a horizontal actuator, and a pitch actuator.

21.  The method of claim 19, wherein the multi-axis actuator assembly comprises:

a first linear actuator disposed on a side wall of the transfer station housing;

a lift carriage coupled to the first linear actuator;

a second linear actuator disposed on the lift carriage and pivotally coupled to a
tote loading support configured to support at least the first disk drive tote; and

a third linear actuator pivotally coupled to both the second linear actuator and the

tote loading support, the third linear actuator configured to rotate the tote loading support.
22.  The method of claim 16, wherein the first disk drive tote is supported in the
presentation position by one of multiple tote presentation support systems disposed on a

transfer station housing of the transfer station.

23.  The method of claim 22, wherein the multiple tote presentation support systems

are arranged vertically with respect to each other.

24. The method of claim 22, wherein a tote presentation support system comprises

first and second opposing pairs of tote support arms configured to be received by
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7. The method of claim 1, wherein the first disk drive tote is supported in a presentation position by a tote
presentation support system. 8. The method of claim 7, wherein the tote presentation support system
comprises first and second opposing pairs of tote support arms configured to be received by respective
arm grooves defined by a tote body of the first disk drive tote. 9. The method of claim 1, further

comprising: regtesing tmfijglodiskddrived i dnadBadiner pRsiiien dsaliTanEser station; and actuating the
transfer station to move the first disk drive tote from the loading position to a presentation position for
servicing by the automated transporter. 10. The method of claim 9, further comprising: reading a tote

marking on the firstidiskdehs) iofelambwhereiRincHed o dhR Vanstareradipntrookedsartdeafirst disk drive

tote comprises: actuating the transfer station to move the first disk drive tote from the loading position to
the presentaRiGHSSHBFPRISLPB P RHESHRLE SHIRARLATYS, Tirsemeiolding Wisfirst giskehgiqife tote

marking comptiseprasearapsicpdsitidine method of claim 10, wherein the tote marking comprises a color
marking. 13. The method of claim 10, further comprising assigning the first disk drive tote a function
property that affects usage of the first disk drive tote in the disk drive testing system. 14. The method of

claim 13, whegein thadunetion oferemty2is dyitien ssatprishagsignable during usage of the first disk drive
tote in the disk driv testin%“smstfénfg%S The method of claim 9, wherein the transfer station comprises: a

transfer station houSHYNY MYHR fféikﬂ?égéeﬁtgﬂ%t BpoHeL At WL MHBA nsfer station
housing, a tefgkoterentatiotopuiierhsiksie e anfigisRdiivéacri vt tecinaniskalrieassie first disk

drive tote in the presentation position for servjcing by the disk drive testing system; anj ._a tote mover
disposed on P HAHEHR FEE oI o S e SR e B RS0 S P s SRR Bke between
the loading phsiti@itidhddisr (rigsestesicomppiiéon at one of the multiple tote presentation support
systems. . . . : : : .
sequentially placing each disk drive tote in the loading position on the

transfer station; and

actuating the tote mover to move each disk drive tote to the presentation
position at one of the multiple presentation positions for servicing by the disk

drive testing system.
27.  The method of claim 22, further comprising:

reading a tote marking on the first disk drive tote; and

actuating the tote mover to move the first disk drive tote from the loading position
to the presentation position at one of the multiple tote presentation support systems based

on the tote marking.

28.  The method of claim 27, wherein the tote marking is read by a marking reader

disposed on the tote mover.
29.  The method of claim 27, wherein the tote marking comprises a barcode.
30.  The method of claim 27, wherein the tote marking comprises a color marking.

31.  The method of claim 27, further comprising assigning the first disk drive tote a
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16. A method comprising: performing one or more of first operations or second operations; wherein the
first operations comprise: loading multiple disk drives into a first disk drive tote; placing the first disk
drive tote in a loading position on a transfer station; loading, by the first disk drive tote in the loading
position, the multiple disk drives into a disk drive testing system; actuating a tote mover of the transfer

station to mquadiienfiiripdisl tavarfetesiimmushgelopeipgi RO SRR IV AtBIE SetHa MK BpRitientag retrieval of
at least one of the multiple disk drives by the disk drive testing system; and unloading the first disk

drive tote frot¥StR® disk drive testing system; and wherein the second operations comprise: placing a
second disk drive tote in the loading position on the transfer station; loading the second disk drive tote
into the disk drive testing sgstem' actuating a tote mover of the transfer station to move the second

disk drive tottfrom tAg Tt 9%05,85%no’%o"éﬁ@rﬁf@&%f&%‘rﬂoﬁdﬁ%%ﬁ%ﬁi'@lg’ dfsk drive retrieved

from a test sigtightheedigkslivairsnasHsiemsieatve totenioastirgsoyr he tespa sl disk drive tote, the disk
drive from the disk drive testing system. 17. The method of claim 16, wherein the first disk drive tote

comprises a tote body defining multiple disk drive receptacles configured to each house a disk drive.

18.The metrgg] of chatranbferfuthien eomplisintive tesOREHRER dROtMeRaraRabResHipFRsthe door being
pivotally attached to a trapsfer station housing of the transfer station and configured to provide closure of

a tote supply openiAd HEHRHBPHPHS AL er station housing;  placing the first disk drive tote in a
preloading positionrapltipgedor ptbsAlatoheinperosiigunesddioyareive ardatmskppaiidne first disk drive

tote; and Cloﬁionu%i%e, a(lj ?o% Byeggﬁ?éit?&t?uepggr?rs;/gtgrr? lgc?nei\:(ljg roeslttig rr]éceive and to support at least a
first disk drive tote in a presentation position for servicing by the disk drive testing
system; and

a tote mover disposed on the transfer station housing and configured to (i) move
at least the first disk drive tote between a loading position and the presentation position at
one of the multiple tote presentation support systems, and (ii) perform one or more of
first operations or second operations;

wherein the first operations comprise:

loading, by the first disk drive tote, multiple disk drives into the disk drive
testing system; and

following retrieval of at least one of the multiple disk drives from the first
disk drive tote:

unloading the first disk drive tote from the disk drive testing system; and
wherein the second operations comprise:

loading a second disk drive tote into the disk drive testing system; and

following receipt of at least one disk drive in the second disk drive tote:

unloading, by the second disk drive tote, the at least one disk drive from

the disk drive testing system.
34.  The transfer station of claim 33, further comprising:

a door pivotally attached to the transfer station housing and configured to provide

closure of a tote supply opening defined by the transfer station housing;
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19. The method of claim 16, wherein the tote mover comprises a multi-axis actuator assembly configured
to move the first disk drive tote between the loading position and the presentation position. 20. The
method of claim 19, wherein the multi-axis actuator assembly comprises a vertical actuator, a horizontal
actuator and a pitch actuator. 21. The method of claim 19, wherein the multi-axis actuator assembly

comprises: a first lipgaraatiriabeispasesepBonkificcyal oIt i étasieli phatiefehpusing: adft carriage
coupled to the first linear actuator; a second linear actuator. disposed on the lift carriage and pivotally

coupled to a"BSRMBRARE SIRAHNEIRRJLIFEE!EY QUM AP ARLENACIRRSORR PR b RIAZE the a third

linear actuatfirspiisiadhoriptad theetaifepeanis linear actuator and the tote loading support, the third
linear actuator configured to rotate the tote loading support. 22. The method of claim 16, wherein the first

disk drive tote is supported in the presentation position by one of multiple tote presentation support

systems dispgsed ama trREIEstatrsioef RMFIED of Heeelramslests iadestalion Boppmediaeef claim 22,
wherein the multiple tote gresentation support systems are arran%ed verticalLIILII%With respect to each other.

24. The metFBRTERANH3NGIREAAH PRASHBEKA CRGH SHBROT: LRGN EGHEALB O%iFEFeNESecond

opposing paiy rbfetdise RRAERIVSeRMRUeyY dadie Hede et dofi re spsctiMesidte grooves defined by a
tote body of the first disk drive tote. 25. The method of claim 24, wherein the arm grooves are releasably

locked into a predetermined position on the tote support arms, thereby holding the first disk drive tote in
the presentagen positioanger Satidnetheldief SkivhaRinuihesteanopsistogipriseloaeiogimxitiple disk drive

totes onto the transfer station, wherein the multiple disk drive tofes comprise at least the first disk drive
e an the SHLBRE L VIR EAENED AN WA Ea LR D Rk TN ABEHRIBSES disk drives,
and wherein loading the multiple disk drive totes comprises: sequentially placing each disk drive tote
in the Ioadinl%oositi n on%he transfjgr sta ionaand . actuatin %ﬁ: tote mover. to move.each disk drive
tote to the presentdidRPOERBASNJRELF TR AR XM BI FaLXiEHEalPLSATAHE ™Y the disk drive
testing system. 273 thedshethatbafeasing 2, further comprising: reading a tote marking on the first disk
drive tote; and ac&leatigg the tote maver to move the first disk drive tote fr?m the.loading position to the

presentation positidﬂ ole ﬁ{ssﬁﬂ‘i?ﬁ\&% %‘Pgoﬁ&@ﬁ{gﬁ PRI §9%lt¢5?‘ﬂ§ B=284%h the tote marking.
28. The methodsifcslaimte gresdneation thepoie systeinepisficgacdlty eecetvkiag neaippoispaeisid on the tote

mover. drive tote in a presentation position for servicing by the disk drive testing system;

a tote mover disposed on the transfer station housing; and

a tote loading support pivotally coupled to the tote mover and configured to
receive and to support the disk drive tote, the tote loading support further configured to
pivot and to move between first and second positions;

wherein the tote mover is configured to (i) move the tote loading support between
a first position, for supporting the disk drive tote in a loading position, and a second
position, for supporting the disk drive tote in the presentation position at one of the
multiple tote presentation support systems, and (ii) load the disk drive tote into the disk

drive testing system.

38.  The transfer station of claim 37, wherein the tote mover comprises a multi-axis

actuator assembly.

39. The transfer station of claim 38, wherein the multi-axis actuator assembly

comprises a vertical actuator, a horizontal actuator, and a pitch actuator.
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29. The method of claim 27, wherein the tote marking comprises a barcode. 30. The method of claim 27,
wherein the tote marking comprises a color marking. 31.The method of claim 27, further comprising
assigning the first disk drive tote a function property that affects the usage of the first disk drive tote in the
disk drive testing system. 32. The method of claim 31, wherein the function property is dynamically
re-assignable during usage of the first disk drive tote in the disk drive testing system. 33. A transfer
station for a disk drive testing system, the transfer station comprising: a transfer station housing;

multiple tote4esentf SRSTBHTAISRE Hai st ¥ EinHE MuUrariSARANRRSRTEPY tote presentation

support systegmgeiéigured to receive and to support at least a first disk drive tote in a presentation
position for servicing by the disk drive testing system; an a tote mover disposed on the transfer

( > ); and
station housing and* EBRAUFAPRIUG IEFROTEEAR Ahde g bl tgFandes HatnRAR S B%ding position and

the presentation pogiiiratiage eLbied s thel6iaterREe sehiaiden support systems, and (i) perform one or
more of first operations or second operati[%ns; wherein the first operations comprise: loading, by the

first disk drive tote, hiGHAE MR AGKAQREISRRSHID 4k H a5 HR8 A RvRRYlY corpledifd fetrieval of at
least one of tbe roudfindesdipfodrixes from the first disk drive tote: unloading the first disk drive tote from

the disk drive testin stem; and wherejn the second operatjons comprise: loading a second disk drive
tote into the disk crfbANECRREAG IO EHYOKaIG AP L A RO0F RS SSER N BaLOl AR B cond sk

drive tote: unieetinging)stip cieanbehitisHidshrextaiaidincoatilRast aneotiakids ustdoat the wiskodrive testing
system. 34. The transfer station of claim 33, further comprising: a door pivotally attached to the
transfer station housing and configured to provide closure of a tote supply opening defined by the transfer

station housifiy;  TwheeekTdhstadinor d$ dLies Tcovifigiie thicripéy pbbisivasith{e) tate dgefingosition, for
receiving and supparting the first disk drive tote, and (ii) a closed position, for placing the first disk drive
ot in the 1SRG bESHBT S8 TP 5P RO LB SPE PR AL LBt ton suppor
system compuisstanfitsityanerseglond opposing pairs of tote support arms configured to be received by
respective arm grooves defined by a tote body of the first disk drive tote.

42.  The transfer station of claim 37, further comprising a staging platform disposed

on the transfer station housing and configured to receive the disk drive tote transferred

from the tote loading support.

43.  The transfer station of claim 42, wherein the staging platform is disposed on an
opposite side of the transfer station housing of at least one of the multiple tote

presentation support systems.

44.  The transfer station of claim 42, further comprising a door pivotally attached to
the transfer station housing and configured to provide a closure over the staging platform

while in a closed position.

45.  The transfer station of claim 37, further comprising:

a door pivotally attached to the transfer station housing and configured to provide
closure of a tote supply opening defined by the transfer station housing;

wherein the door is further configured to pivot between (i) an open position, for

receiving and supporting the disk drive tote, and (ii) a closed position, for placing the
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36. The transfer station of claim 33, wherein the tote mover comprises a multi-axis actuator assembly
having a vertical actuator, a horizontal actuator and a pitch actuator. 37. A transfer station for a disk drive
testing system, the transfer station comprising: a transfer station housing; multiple tote presentation
support systems disposed on the transfer station housing, a tote presentation support system configured

to receive angstodgsiRnRett mdiskigaiadYPssitioh presentation position for servicing by the disk drive testing
system; a tote mover disposed on the transfer station housing; and a tote loading support pivotally

coupled to the tote mover and configured to receive and to support the disk drive tote, the tote loading

support furtheg, confiareshidepisationdielmevsy batwesn fiishandpieesagResiigns: suppyherein the tote
mover is configured to (i) moye the tote loading support between a first position, for supporting the disk

drive tote in SYRSEAMY SN SHSRAsa P sHRe b S I Mol AIRIBHRANG IO R U LB & TiANESY presentation

position at operaédhg withtielpdeteoigseoliadioasHRR b aéeiRRtiBnIP ()t Opdethe lisihgrve tote into the
disk drive testing system. 38. The transfer station of claim 37, wherein the tote mover comprises a

multi-axis actAE5F R ERAMRN W) FeRRERLIQdIS: RIS of claim 38, wherein the multi-axis actuator

assembly comprises a vertical actuator, a horizontal actuator, and a pitch actuator 40. The transfer
station of claim 38, wherein the multi-aﬁié actuator assempbly comgrises:_a first linear actuator disposed on

a side wall of the trdREBPRRIEHBLGhEUMiR CANSELOR ALREIAUAHAP FHRRPAGIRBE: & second
linear actuatesrdjspeseitsparihedit aoppas it paiiy ofabyecopptad dorib edtfigueatiodstipprédand a

third linear actuator pivotally coupled to both the second linear actyatqr and the tote loading support, the
third linear a YJ&?@FE%Y} i@[ﬁ%&f?@&ﬁ ' é@%ﬁ?ﬁ%ﬂﬁﬁ& 1S ff”ﬁ’?éq}%msfer station of claim 37,

wherein the first position of the tote loading support is substantially horizontal and the second position of

the tote loadi t is substantially vertical, 42. Th fer station of claim 37, furt isi
Siaging platfl ciol L BETOIT AT 3t WS B o MG B S PaEee IR ote

transferred feefinthg ivtetivieding srippestetacléheotitinafed stasien hbwdaiadisk, dviverein the staging
platform is disposed on an opposite side of the transfer station housing of at least one of the multiple tote
presentation support systems. 44. The transfer station of claim 42, further comprising a door pivotally

attached to th@ tranafeisktation testisiny st comiigising: to provide a closure over the staging platform
while in a closed p%?]itzil%?dm%?éthl}]gntsE)%r}?gEr station of claim 37, further comprising:
multiple racks arranged around the automated transporter for access by the
automated transporter;
multiple test slots housed by at least one rack in the multiple racks, a test slot
being configured to receive a first disk drive for testing; and
a transfer station arranged for access by the automated transporter, the transfer
station comprising:
a transfer station housing;
multiple tote presentation support systems disposed on the transfer station
housing, a tote presentation support system configured to receive and to support at
least a first disk drive tote in a presentation position for servicing by the disk drive
testing system; and
a tote mover disposed on the transfer station housing and configured to (i)
move at least the first disk drive tote between a loading position and the
presentation position at one of the multiple tote presentation support systems, and

(i) perform one or more of first operations or second operations;
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a door pivotally attached to the transfer station housing and configured to provide closure of a tote supply
opening defined by the transfer station housing; wherein the door is further configured to pivot
between (i) an open position, for receiving and supporting the disk drive tote, and (ii) a closed position, for
placing the disk drive tote in the loading position. 46. The transfer station of claim 37, wherein the

multiple tote presentation gieRIA HeSiesnsRIaRAE sHsResed on a same side of the transfer station
housing and are arranged vertically with respect to each other, each tote presentation support systems

having a different elevation with 'S8 Ry e BiRkrisk #71vetate, mpeiipledisk I dYesdmMP 37€ wherein the

tote presentation support gyskemvecsargessieshand second opposing pairs of tote support arms
configured to be received by respective arm grooves defined by a tote body of the disk drive tote. 48. The

transfer station of claim 37, wherEHAWEG SLRKAL o6 (5 ey Dot BIRYS HekiirvermUiRiBle disk drive
receptacles configured to grdir&ilise didistotdrive. 49. A disk drive testing system comprising: an
automated transporter; multiple racks arranged around the automated transporter for access by the

automated transporter;  multipiB! 289 JRe MU e EUR GHR EHISK B RIERING racks, a test slot

being configured to receiveyadirstagigk drive for testing; and a transfer station arranged for access by
the automated transporter, the transfer statjon comprisin%?a transfer station housing; multiple tote
presentation support systeHi€ 8I81BE e BAAARAHR: FYMRISiFhousing, a tote presentation support

system configured to receive anddadswpRestandedisk arfivattoiskrisivieetoisk iorb/@tesijalisrrposition for
servicing by the disk drive testing system; and a tote mover disposed on the transfer station housing

and configured to (i) move™at least the first disk drive tote between a loading position and the presentation

position at one of the multiple totéofite@@gtaiieipsbp ey issysteniBkadril ijopesioameaneagesoade of first
operations or second Ope@goﬂf wherein the first operations comprise: loading, by the first disk drive
tote, multiple disk drives i lf Wik drive testing system; and following retrieval of at least one of the

multiple disk drives from the first gh$dadiivg b9teie second disk drive tote, the second disk drive
from the disk drive testing system.

50.  The disk drive testing system of claim 49, wherein the tote presentation support
system comprises first and second opposing pairs of tote support arms configured to be
received by respective arm grooves defined by a tote body of the first disk drive tote.

51.  The disk drive testing system of claim 49, wherein the tote mover comprises a
multi-axis actuator assembly having a vertical actuator, a horizontal actuator, and a pitch

actuator.

52.  The transfer station of claim 49, wherein the tote mover comprises:

a first linear actuator disposed on a side wall of the transfer station housing;

a lift carriage coupled to the first linear actuator;

a second linear actuator disposed on the lift carriage and pivotally coupled to the
tote loading support; and

a third linear actuator pivotally coupled to both the second linear actuator and the

tote loading support, the third linear actuator configured to rotate the tote loading support.
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unloading the first disk drive tote from the disk drive testing system; and wherein the second operations
comprise: loading a second disk drive tote into the disk drive testing system; and following receipt by
the second disk drive tote of at least a second disk drive: unloading, by the second disk drive tote, the
second disk drive from the disk drive testing system. 50. The disk drive testing system of claim 49,
wherein the tote presentation support system comprises first and second opposing pairs of tote support
arms configured to be received by respective arm grooves defined bi/ﬁa tote body of the first disk drive

tote. 51. Thadisk i REIRGSEHABAT SRR ANGIRKY LR OISR MW YMRpRBE SRS ult-axis
actuator assembly hawvangiy vesdeptastipied & heremal ArilaigroantafpiChiactiRi©td?e. ahe transfer

station of claim 49, wherein the tote mover comprises: a first linear actuator disposed on a side wall of the

transfer station houdfMjeR fRELAIF ARy eoli e - Re R Sovretiedirisisk driveteatweriieactuator

disposed on[Bagitiy pasitrgrantdhe pessdinamspirditiothe teiedeatineLsippeste prkentafidiird linear
actuator pivotallﬁé coupled to both the second linear actuator and the tote loading support, the third linear

actuator confHAYY YSIRQFRRY N6 SeRHY LER30Y 8% FirskidhBa?tation of claim 49, wherein the
transfer station further comprises: a marking reader configured to read a tote marking on the first disk
drive tote; and wherein the tote mover is configured to move the first disk drive tote between the
loading position and the presentation position at one of the multiple tote presentation support systems
based on the marking read by the marking reader.
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