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WO O®1293dhi s U. S. patent application is a

Transferring Storage Devices Wthin Storage Device
Testing Systens CROSS REFERENCE TO RELATEDAPPLI CATI ONS

continuation-in-part of, and clains priority under 35
US C 120 from U S. Patent Application 12/104, 536,
filed on April 17, 2008. The disclosures of this prior
appl.j T , nart .

e S R
reference in its entirety. TECHNI CAL FIELD [0002] This
di scl osur eCREPARESERENCF NS RELAT R ASPHIaEOdevi ces
%ddign St Oflﬂ%&sdgé(tle&%p &%(aﬂgawﬁﬁlﬁmn-i%%@ﬁt%\@aims

[0003] Disk drive manufacturers typically tes
wainatfyactar3éd).8iCs kK1 9rfrapa 4J. 5. datanbApiplicaianel 20041936, filed on

| egti . ' . Test. i :

PO E7 00 s SRR i B0 AR i
dlrsclpage stthisapplcapen am ipmcabbreied hiemfyactetener ig its entgetyo
test |arge nunmbers of disk drives sinultaneously in

batches. Disk drive testing systens typically include
one or nore racks havTJi@“mgl"t]{EﬂEéQ est slots that

gﬁﬁﬁ;ve di ’Fﬂﬁs Eliigélg e Ife fes E@é&ﬂsﬁﬂirﬁ[s%g&%]dew b& Wifted éthgge
nvi ronnent | mredi ately around the disk drive Is
dkoselestingsguiérat ed. M ni num t enperature fluctuations in
the testing environnent are critical for accurate test
conditions and for safety of the disk drives. The

| at est generations of BASKGRQWER, which have higher

‘-Fém)@ﬂ:i ti espisk ﬁﬁ@%aﬂu@écﬁfré@%hcaﬁ?%@ﬁﬁarﬁ%tﬁéﬁiéﬁriv@@ﬁg

clearance, are nore sensiti've to vibration. Excess

whpphancowitk agolctiencef rederementy.abist ¢quypnesht andgechpigyen axest
Pl Ty ‘ el i

TG Rl Bl S EE SRR or ARRRRL 19 ackRESTeng o

vésblaggeinombers lof disigériey pipoittriaegsls trhathey. d3islodrivej testing es

t | ac. units. [ S Vibrati. el - ing, "
42 Q5RO TERO RS LBy FERIE Ll PR
cohtdrivésuoessting. bunp errors, head sl ap and

- titi ) - t RRO) ,.. i ch ) It .i
10 *Pest Tha it SR et i T iR i ety
[rE&0Rdd. Mimiﬁﬁﬁitglﬁit)aktuﬂarﬂmmaﬁ@sﬁm thg tSHind ﬁﬂlﬁ'lm::llﬁ}:ﬁlt a critical
t , OlI C r or (o Vv er e (0] .
AR Sirst o PopnAger i R aeR eI GREEL BRubel Sengraigps of

fdak drioadivh@h hicthigRecdpasititsN sy ®tatiohd] OpccliefidisA@llerAead
robotic armof the testing systemindividu Ilg —
ClPRNes 8 MY SPriEKe Qrikraions FyRqst Kraien fayadiccy the iliphility

st RAMS ad NBO kPSR trRbScohMctibRS Una sk YIRS, the
drives themselves can propagate vibrations through supporting structures or fixtures
to adjacent units. This vibration "cross-talking," together with external sources of
vibration, contributes to bump errors, head slap and non-repetitive run-out (NRRO),
which may result in lower test yields and increased manufacturing costs.

[0005] Current disk drive testing systems use an operator, a robotic arm, or a
conveyer belt to individually feed disk drives to a transfer location for loading into the
testing system for testing. A robotic arm of the testing system individually retrieves

the disk drives from the transfer location and loads them in test slots for testing.
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waelewpazsstest i ng system t hat

[ 0006] One aspect of the disclosure provides a nethod
of transferring storage devices within a storage

automated transporter (e.g. robotic arm gantry
system or nmulti-axis linear actuator) to
substantially sinmultaneously retrieve nultiple storage
devi ces presented for taegiNngy,rynd actuating the
aut omated transporter to substantiallﬁ si mul t aneousl y
d0oyer t hang wspedt el/de diselovuagyerovides Trethedofitemapfaeing vierage
e itesS)itfisa QbrabdGevil AN\ IRM 15 it @Rl AQuANS LEMERLked O
l'y insert each storage

substantlallg Si mul taneously rt e
dreviperer (p gt lobotic ar@sgraby sxsten, @8 mubii-ots life@o@jatoahot her

%&&?&%&ial si&@l‘?an%u%&l rgt?ig%emgﬁigl\é's%?%e %e\qgés{ﬁ?égerggd tgr testing,
transterring storage devices wthin a storage devic
taed ndtwrging Hetauioneted desspaventatsibygnaallyasiundrmeadly deliver the

t r.ans r.to b nt.i al | i pul t aneaus| riev
SEPRERHEE b2 P BT S  oBi T PRER AR e S Y8
shoroaxg bstaemily amnbateburly Byst @oh stoclgaddvicatin thgirrdspective test
agﬁon&ted transporter to deliver the retrieved storage
déVices to a station and substantially sinultaneously
nelogase eashothdrasmgeofdevdi@sait pidiedes b aickiod.of frd3EBling
In?le ntati.ons the disclosure qﬁéli cl ude. one or noae
SEOTRERECY B H N Ty eaat RIS fosie LBRCT IR P gD pUREat
trAespaREMO dubs RSt sm@h etk Iy RgriERe tarbeIIBiE &rom respective
transporter to substantially sinultaneously retrieve

rigef %lptg PEthe pigFage e \desiPLiae pYSERs pikachrEngifig 2y emefsd ragPete

W QRBL B rdii ABS ROFLEeviRs BHRERA kh& dbMtasitaly indiERsaly
retrieve the storage devices using the storage device
trelefns prehsioragedavieqat e faenst or age devices. In sone

I es, AP Rnttgnd tﬂ@d@&&ﬁ%%di,nﬁhé‘@&{é%h%e $Qhe
substantial I'y sinultaneously retrieve nultiple storage
dellavaeg fertarespby somesmplameniaienaghe methad inglndeseagtuating the

Eaﬁf%ﬁé{%ﬁ %ﬁs‘gog& t3 Hlﬁ)%ﬁ‘ﬁgnér%ldu){gﬁ#&% E&H&%%h%pylé ?t%faig@ Y&vice

e storag evi ces presente or testing carryi ng
¢aoiponérs pinkacstatn @athe ateviacd sanpbiertes et iialiy sendragesly
r . I (0]
LS50 GPERNLEL Ben 0 BALVEN G GO OB e
tdhecst tu age demplee attnangpr duermsated@plpa@r ysubgantaky of

t he .st or age devic to the respective test slots. In
SRS F S et R S S WPRGR S TRl P hiormay
stafpage tdevistetidlivainsyant@kly sethisteand itadagd/devices presented for
si mul t aneousl y i its respective test slot, engaging
it by rrateser g tedecE iR wibredhuioe ¢Shoct o
@fandpdRerS 1200 agGatGhg Y Citdn@Sdd th@sSyiet B RubsTadallys@ik@8ously
storage device transporters provides closure of their
rdéléY?é iStsage deyicgirapsorters, each carrying one of the storage devices, to the

respective test slots. In some examples, the method also includes inserting each
storage device transporter substantially simultaneously into its respective test slot,
engaging the carried storage device with a respective connector of the storage device
testing system. The inserted storage device transporters provides closure of their
respective test slots.

[0009] In some implementations, the automated transporter uses transporter

couplers to engage and couple to the storage device transporters. The transporter

i ncl udes act uat i NngPEIRUS2009/040757
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w@eowpliz936®© t he storage device transporters.

[0009] In sone inplenentations, the automated
transporter uses transporter couplers to engage and

transportercouplers arranged in at |least a
one-di nensi onal array. The nethod may include carrying
the retrieved storage devices substantially paralle
tc@uﬁ?&@ aHRbNBI ot 1dall a%‘ﬂ@hm@é‘i@%ﬁal abrBe THARSRA h&/ include
coupl ers may be arranged su stantrall¥ paral l'el to one
SrBY RS the aptE s P aornge Hoviees svlstntigllyasenilsl towae aogher.| 1p spelom
QACH 1R BREKpdrr gouplersnm%/ Wraﬁéed%ﬁs&dn@hl%élfépﬁl onQ bA RN -
I'n other exanples, the coupleéers are arranged
1ot smaerdehquéontdlvgqné@r wkrtiepllyAonpench hider (c[20d @mmnel cnr e
'dfﬁ?énes‘fgﬁﬂt ﬁja%r)o nﬁ‘l’otﬁep Qxa ‘?Jsatgg C Ye'rscﬁg’ aﬁ{n e@gt%%g ES rall@l a
st orage ce tote presented to the stdrage device
taegles wigh enestnetier. The autonated transporter retrleves
;Ibﬁﬁn)j ?:’12 s ngs:mgig gm eré!encfgisotn ¢ sttoa}?%el c%wc s are da ﬂleaos !cléle
sibmcea‘@& pleentedtotthastspos devics tdssyng)mtetn dme mgtomhted shipage
orters. bel ir.r a
G PEE e P S B B ol FERS G S 9
sedcage: \ﬂlﬁﬂdO@l@S@U@lﬂQ ktora@é déhie t&ﬂnqroagle bg:l pudit@itghe stoape
carrying the storage devi ces i n ra devi %ﬁ
{PYRSEPRPateE ¥ ERPIoH¥C Lpies é( 108% Sct‘éragﬁt 1ees

%ddh ofhﬁst&ug@d@ic%@uﬂﬂoﬁfﬁﬁ BRIstoRdge MBYicd 106, Mﬁ&aﬁymg the storage
nanlpulator configured to transport mul t i pl e storage
Jevirede thepstorags davips Enspastepsiavay g e Starag%%rrqeéotar m as

tihe| 1 aut onet iR utdn@RSIRANE Rfter hilEinBRI Prb@Ab@Aktol Sonfietdd e
to a dlstal end of the robot ‘arm The mani pul at or

itieIPge eanltipleipeptidericss Fyayae indhecpisios 2 eheps anxas the
diLSRARE Qra%o&&%@%hi%iaﬁﬁ W sc QR0 ANG A hABEE obot arm.

substantially parallel to one another and/or in at
ITélaman@ukmé ingfudeys inampylatar pagy andaahiptengpplers disgosed on the

uﬂl'tgr%gd); %dra%]aﬁ%gl%%s}’anﬁ%ﬁé@‘}apatlﬁpto%ng’ Lt tgl’l(g&'vlh GBleast

transporter. I'n some exanp e mani pul at or
iaok-daewisidng straanithcl et iconfigotdtogelorsably afitabrie a storage

' t

R BORAE S OB B8 PSS A B ARORS ) By

eanfecotshe rcprehedmmpd ar asmammuletontﬁodglande arrdnged ml asabadltiglly
h, t L te 0012] .An

S VRGN SRRt SRS SrOURBRER Fhphbanaponrelted e

hﬂamﬂﬂgammhg)snmmg?$wﬂEVMﬁ@snmnth|n a storage device

t t u atin n aut.o )

IRERL DS ¢ YR ettt S S e B p B R g forine

Wk ldedcs vaihagestslayd ¢eik tRERNdyeEn iftludee §&thzﬁﬁlg anhe
mani pul ator is configured to transport nultip
%@P}&t}é UQRAPPEEd1aving & TRBIPHRBEPT tHEH Redn %rsbrétsr%@%etdﬁ@w

prds Tt R ekt IO iaBipuladr delohN@lred BRrah§loFtinBN@Se storage

unt ested storage device to a respective test slot of
tdgecest g ihgg)@th@émc@éleq q__cgtapﬁ@the automated transporter to deliver the

retrieved untested storage device to a respective test slot of the storage device testing
system and insert the untested storage device in its respective test slot for testing.
[0013] Implementations of this aspect of the disclosure may include one or
more of the following features. In some implementations, the manipulator includes

first and second couplers disposed on a manipulator body and arranged in a

ThRCT/US2009/040757
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system and insert the untested storage device inits
respective test slot for testing. [0013]

WO pgbazesnd at i ons of this aspect of the di scl oSEECEUSMYI/040757

i nclude one or nore of the follow ng features. In sone
i npl enent ati ons, the mani pul ator includes first and
second coupl ers di sposed on a mani pul ator body and
alibsanand stlha?b%&' b&ﬁﬁgﬁfah@ﬁ With MspheapedcitQRdl avs@td on Wi th
respect to each other. In other inplenentations, the
é’é‘Blﬁméméﬂoélﬁéh%‘Fqua}?g@e?de yrmsednbstantally papial feach ptheimd
%bﬂ%&ﬁ@BQmégﬁﬁﬁgaﬁh@ﬂﬁ@&@w@ﬂﬁ&ﬂﬁﬁﬂ%&@nﬁl&M§ﬁﬁﬁe&Mﬁbws

directional axis di tional exanpl es,

drdfirsternd nerosd epiptersara diepagpd pdsdedreesiiond eae ewthef.r Bm one
' bl

b L v page

é&(&#ﬂal es, Inhempexdngdesi the method 1ra;d;tdamqt1mgng the aptotefrdt ed

tra s {%gr tB ééf% g L?f tra%;;t gcftrr%ltrs] rr%rgteagt}lg %ng € %utoe}gaﬁgda tr'cﬁlg drter

mmteﬁmve dlesmwmag goriey d@mcemr@smm fodl kg Wysstriying theyuntested

carryi.ng th ntested stora e devi ce wi.th_ the st rage

G O P P e PR g R Rl
ttll’aﬁslpsﬂaftb délivicothd elorage devidrarantit@g®e tikenéspeetiviertésn SIpOrther
t he r.espective. testﬁf]ot Thelstorage quice

FP&"}% gevieeransRoreRisdpsered infrthe tepalofe spaging dhe cagird ygtientgd

tstveage ABVib@WitM D ERSdcBt SlupleAgRhEIQYEEIM e esBing SSRAC T €

coupl er of the stor a}ge devi ce testing system The

RS R T2 e 451 gy HaRrBOTE @reviden slodie ef “SdP%’\??tB’@éeSNl%ts ure

cP(f)O lis§ s 1 espeeki Yfplt@sitath®lhe IndQ&akiokdke 3OM®: is present in a
i npl enentations, the untested storage device is

slosgs deviea ol nsesentadye tieverage deyics IgsHpswAEBY Tihg aptamated

?Ja%p%ﬂ@r S8 & %Jlﬁ@@ts{eﬁ Gtorabe UeMe 0L tlf'élétoﬁ)@tdggce tote with the

transporter retrieves the untested storage device from

chsesposhzgorazadegise transeorir bhi ppyidondies the sipeadflavicedansrater

PG ﬁﬁt@s%%?o[ri%%rde Yo, RARSHhO t&%dtstb‘?aeg% 519@@&‘9?%%%

transporter e unt ste storag eV| ce I'ng

tdrecanppet eiihsstorggéevite vite endtamangtho matgecdewhgealevice in
Lce e nd.carrying the

%llfle?sgogf{l%e VIICE Hgnsé&gé \?lglgyé ﬂ?ﬁ/l tl?ehstcgrgé devf% gogleVI ce

(oG0S por t ein samaym;ﬁlemmtittms slne(magﬁi Melude;sacmMIg th¢ &06di6dted

R s P s R B e Rl AR FEE B T BBt

nat flotene cantiegthe @bs&tl eforge dehasd t6 @ dbstiamtidnt 1scaries, pact ds\ue

test slot and carryi the tested stora e device to.a
e by A st T, e g5y S e B by

deMipoRedtot@ricvEhie: tﬁﬁéciw&ag@dévicél Gbande r@s@&dﬁ% kdIk16te
automated tr ansport er toretrjieve t he tested storage
delvpting th BaRipElator RSpeAee Py PEiNe Sterage dgyyeedrppttriRf e

NRRR Ik Aevit OarRRIAGRS thetQRRQ ) 4R SEOW AR Bs AYLER storage
transporter of the tested storage device and carry

tdpece Eappeftes foghadestivpsion desatigny WThie mrethod Sipednglyds agiug fmgtg

automated transporter to deliver the storage device carried by its respective storage
device transporter to a receptacle of a destination storage device tote.

[0017] In yet another aspect of the disclosure, a method of transferring storage
devices within a storage device testing system includes actuating an automated

transporter having a manipulator to retrieve a first storage device housed in a first test
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device transporter to the destination |ocation. The
nmet hod may include actuating the automated transporter

W@ 0odatd3ger the storage device carried by its PCI/US2009/040757

respecti ve storage device transporter to a receptacle
of a destination storage device tote. [0017] In yet
anot her aspect of the disclosure, a nethod of

Lo 06the §thiaPYdSARAHR: HRVHE ehe Widntpulitc 1§éo%ﬁ§1§}@d v GRrt
testing systemincludes actuating an aut onat ed

R pEPIeae deviags njheamerhed ipelndes gptupting the gutaadedytranppagier to
LN RAR rgtﬁw*e@leﬁrfﬁ Quid déxﬂc@tof IsE&hd (RS é&uaﬁﬁg {hBGutomated
storage device testing system The manipulator is
donfpogerte detticycseqvsf storagadevisoptam S opcge tediesldt dile carhang
Tt ROl RO oAE bR el IR ALOHRG S & ANSRALIARL ! O
eliver the refrieve storage device to a second
twsige dbats inmdhaigcomigest kot Whlﬂmm'wm@ the sogdotdarage devce.
heve c or t he sec est
§618 Whi | ?nﬁogern?%??aﬁ%ﬁst (H‘?l%? as%%(t‘t of fhe d1sgfn51ge§1ag ?r}c?ugg 856 St
actreiaf tha fplibwengeedtonatledome aml@mrttzmons thel makod 1nd:1hd£s

f d h d ile
T AT A i TR R

Ithngpfiretresitlat madhs of this aspect of the disclosure may

i ncl ude, one or re of the fol f eat ur.es. onme
et Soratied i b okt gyt e PR
adit aomted nlah PORRAR idclided OmBEhIINSF bddy@nd Bt ARMeEbnIRE@INEs
storaae device to the first test slot, and actuatin

%6 0B thermaninuaierdigdy-¢ Bhe qopplps @esarrapgrd supsianyall 3@%%@@@
QRY hiffhdr bf @ atshﬁstafnltlﬁlﬁt Vis@led SbiguraliDR with dspét & QEh other
i ncl udes a nmani pul ator body dgufl rst and second
cadiprerd @nipuak rgpmsple afﬂmh %wtaltaé@ deyiggyranspqeter. The
%ﬂmu%& t3h&ofd he e anﬁéél?&{dasmr 'de%c&% abk&hoddthgone
another or in a substantiall Yy -sh ape conflguratlon
wledsable sftshed storagsadehico trawsporimisl larcsanaplehviesnthe gioragd t o
r t )
EEASAD I BB o BB A S LI KE rh BORRORLSng AOF
devige dsvicqinome of tho hadt sigfs meludesiatriryngahe¢ emteebnding B@gage
glg Icé:t?ants 0?%? glg(g {kllg e§ ?cl 13%%@5‘3?%%%%“‘@5%@ ca &“gd s%r?%eac% ice
dmhl acesmctazmquﬂdzrejf thei sm:@etdlewge esoly sgitﬁn,ageemskmcd c®@ragnt o
% ice t ef Froxidi (Elour &t S énserttlongt €

oY Fee?ﬁlé%odT ﬁBf §‘c 8’rga SUGeVieE li’er° heBSrt%r into the

neEpect i veAh@Bdr agleot of tiendiatisg pidiedes astorad dsticy tafgﬁg
device wth a res ecti,ve coupler of the s
F&?ﬁlﬁa eludes,n ap Elafeﬂéré’i‘scp@ags‘i%‘?aé'goéle&aé\lfu E%““ © a“tomated
tt{amﬂagfg%caggy t}%laﬁ@)nﬁle@&ﬂdﬁ@foﬁ&haﬂdgnﬁlﬁiﬁlﬁ est dme h&g_&ld by
sl ot ot her aspect of the I SCI . 0S ov] des
&< ra%%gFéclaLeé s 1y afigH! ©yetesm atSFPa%quﬁ&%f@é é?sgﬁ‘%

b OB REn LHARSR A6 REoss B thk @aShaR %aﬁsﬁ@ﬂfera{h@.‘}éhts tifiple
automated transporter for access e aut omat ed

110588 FBYIE% OT taTiFe rrf anitugater egpched tﬂtbe mEQBeed tgnsporter

includes multiple couplers arranged in at least a one-dimensional array and may be
substantially parallel to one another. Each coupler is configured to transport a storage
device.

[0020] Implementations of this aspect of the disclosure may include one or

more of the following features. The manipulator is configured to releasably attach to
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each rack. Each test slot is configured to receive a
storage device for testing. A transfer station,

w@eeoanzssee f or access by the automated transporRPE&r/PS2009/040757

presents nultiple storage devices for testing. A
mani pul ator attached to the automated transporter
i ncludes nmultiple couplers arranged in at |east a

QR eiyflé ﬁ@ﬁ?é R AR RN th JTRE ulaﬁleﬁmaﬁ@@tth@inhmpulator
paral l el to one another. Each coupler is configured t

fiRchlen® MeEniaulstop pedyend aviltink cquplsRoTsPPIAdIcE kR AP WHEr bﬂdy
t"[l% %0@@@&% siced ﬁl@m dhS SloRY [neanr@%née%élnpﬂgt BHEpBhdsTRh Fest
of the follow ng features. The nmani pulator iIs
@k@ﬁfawgm Alywing themerigeboytogtbsdantialoymb k4ngpus lysteorcegeultiple
deyliige transporters. In some inplenentations, the
mani pul at or i ncludes a mani pul at or body and mJI tiple
¢owdl er s dinspos exhnnmeSt e trraliepitdtan oircluslosly tranffee station

| er d.fr ther i ngement
FRAPEER PR, RARRE 8 POLBR G AT SFke AR BRRE e
mmelpuloatpomtmmfos sd:vsltmg by alel aytomamdlttaaspeﬁels IEJacls ﬁomg@d}mce

T fsPigts ERvod i hine BB ook QP RTeR corlrlierep

@@cmfhogwaadorhge deizel Vie mmdplﬂatp]pm)t inBtutid 4 mbmpslhtof B@l and
devi.ce to r servigc
e let ot PaRS o SumO il he Gl weree Ol e
I0n€ hbARs irfant Difaf Mythdﬁfotrespaﬂdsrw h tdtPleBetdcly @St ABYWIHE
receptacles con ur ed to each house a. stora ge devi ce.

Theemsriph gion tats?ﬁst 3ILy; sHeytrareoualy e cs Gruainds to agefjevice
RellehtaBbe TGO BIPIcS nfdly B %ﬁfgembgtaﬁlam t@hﬁuéla& Ok RO for

The coupl ers are spaced fromone another in an

aeldiggégigsdey eptsubvntialbppmigl sl topng 20eshes. fesjsteaemiles, the
L @Y G statiBh tRMIBG EAGey R R RLOKS tBspoRiRisR %k%g bidvices to

simul taneously service nultiple tote storage device
raéd: épmahﬁ werageRkeyive cwol wetepmy be arr anged

t 2 Lant ' aALé{hquéﬁ%EJ nd CRSC c{gﬁre%ar a(iQFB nIaﬁ{g)uﬂRJr %r%gst rage

ge devi ces stanti a one anot
Idnv1se)mmg>samm éry inthidestarmagngfudgtorstody pmhmiltiplewdedera dlsposed

S?gnﬁ/eer}{gt{l ulalcESrb “Fﬁ] %ooﬁéle}st s%gé;erd olﬁgon%f §t‘i1?1r iR9g

R and ng system
[aﬁ@@é]neﬂu’tmmenresamﬁh ¢ha stbraghdaevweseﬂvmmgrleyqnt ellvwies tha

mani at or siora evice testin S em t hat

Tl bk sty S BT ARS I Ko i il o R B b e

dopdsed om sbine implainpidtihorthdxaeyge dERze s@Uiping s oatiea test
ed from one not her.in an a rangenent .t hat

SBF Bepnte stopes ey ior Sy peguTEA LRG0 e e

@hlbs‘fh}ﬂ:lﬁlgf ﬁlﬁﬁlltdﬂi%\is@l-!;bﬁ'ﬁdérmllﬂttiplé };ébtssﬂctﬂmﬂ@' slo)d{age device ierwcmg

SI mu aneous service nu | e.Ss rage, evli ce a

OHOB MPOBL3)e alytﬂteéﬁfﬁﬁta? ﬁ&ﬂygweﬂmt% %m%{“%la@f Bryitantially

dBVI16EecR Y YérSich thultd¥OMte stotagd db@8d receptacles of a tote that carries

storage devices. In some implementations, the storage device servicing layout entails
arranging the couplers substantially parallel to one another and/or in at least a one-
dimensional array according to a coupler spacing, allowing the manipulator to
transport storage devices substantially parallel to one another and/or in an array

configuration. The storage device servicing layout may entail arranging the couplers



10

15

20

25

30

wapmalizsneousl y service multiple test slots.

sl ot |layout of the storage device testing system
all owi ng the mani pul ator to substantially

storage device servicing layout nmay also be a tote
receptacle |layout, allow ng the manipulator to
substantially simultaneously service nmultiple tote

$i ANagea %leﬁlenmﬁema@%@&dl@% toAirktQh @ sdcBAd e gfef §R8ings
storage devices. In some inplenentations, e storage
degs berizeeiplandivagicrlapesingsent ai | s arrangi ng the coupl ers
%G@%a ant i afﬂeyde%ﬁ af bilor %r&%l@ﬁb‘ﬂtaﬂgﬁs cﬁ@l@l(ﬂgcldsﬁ‘re%e set
'east a onedi nensi onal array according to a coupler
dprateinileg acaprhieany g dravengsand pgldascoptienobdlavan@thor featsteer age
A8k €SB DR AALL A Yo RRERHLE nd 800901 B8N 8From
inan array c nflgura on e stor ev ce
slaroldiming | ayout may entail arranglng the coupl ersin
at | east a two-dinensional array according to first
and second coupler_s aC|n ., horizontal and
vertical spaci ngsPES NTHeD WINGS of one or nore
[APIITENt ahicons aogerst)ttewg \RE| 3R RUEyi Sk forh Bd D1
acconpanylng draw ngs and the description below. O her
fizntferséationobj ect s, and advantages wi Il be apparent

R 1 S P AU S B g
pen@pective vi ew of a storage device testing system

72[‘ tr an%[fc\e” Cthaeitsg?cr‘glve L716W qL S!:OI' T%a deVlfe tes%mfg Stéll’ll’l gﬁl\cll an

age ing sys em a
staatferomtion.0027] FIG 3 is a perspect|ve view of a

rage devi testin stem a atra sfer st a
TSP i E o Tatopiuf LR Sfaef bR e
devilcefhstongeidosies tathgispitéma test slot of a storage
$$Vi e tes%¥£? system. [0029]. FIG 5 is a persFective

of a SgeeHeeitive VAR & slorase deViEOEINOtEl G 6 i s
200361 SPeCtFIes Wi aqwrs@tact@e $1e@f AYRtodtd¥ideAcd hARNSRRF Efying a
carrying a storage device. [003 1] FIG 7 is a bottom

ﬁ%?%%@%@?%e view of a storage device transporter

G631y ng aFet ﬁ’[s@l%ttgﬁ\ﬁeﬁgectlbgoi%]of Ekt@ragg déxﬁce"’transporter
perSpeCtlve view of a robotic armwth arranlpu at or

seEvingdstewes dayigi stal end.
[0032] FIG. 8 is a perspective view of a robotic arm with a manipulator

secured to its distal end.
[0033] FIG. 9 is an elevated front perspective view of a manipulator for a

robotic arm.

[0034] FIG. 10 is a elevated rear perspective view of the manipulator shown in
FIG. 9.
[0035] FIG. 11 is an elevated front perspective view of a manipulator for a

robotic arm.

[0036] FIG. 12 is a perspective view of a manipulator having two manipulator
couplers arranged substantially horizontally spaced apart.

[0037] FIG. 13 is a perspective view of a manipulator having two manipulator

couplers arranged substantially vertically spaced apart.

TPET/US2009/040757
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[0033] FIG 9 is an elevated front perspective view of
a mani pulator for a robotic arm [0034] FIG 10 is a

W@L@9ar®se r ear perspective view of the mani pul BEDDS2009/040757

shown in FIG 9. [0035] FIG 11 is an elevated front
per spective view of a mani pulator for a robotic arm
[0036] FIG 12 is a perspective view of a mani pul at or

G058Ng  t WORTER M RYlpRtsPectiCOURY BF & nAhipaRee dastdsti@plel al |y
EOI‘I Qont ally spacé)g Iﬁ-’kgcalrt [ 0037] il’gl G 1% I|Vés3§‘a b

pRENEWETCOEIYT pagh spacad AR M SRCAHOWEVi ng t wo
MGRopul at ofrC pyiRl, %@ﬁ&&'ﬁ(f@ﬂg@%f§%ﬁ%@ﬁé\h&ltb% u¥§fotaalﬁg| | y

spaced apart.[003 is a perspective view of
wasiigul at or haV| ng mul tipl e mani pul ator couplers each

Hped apaiflb § QD PREAPOLRE of aLtgpa ek ée(f\’ote:l'r?ab st t10n
pect (k)

erspective view storage devicCe tote In a
posgiien. on. [0040] FIG 16 is a perspective view of a

Ii(f)(%rl?ge deﬁ/IIGC F7 %t grs ectlve V:é\gl%?g#rgllgsif%gtap 81? i tion. [ 0041]

17 is a pers ec ranster station.
[0P22] FI GIGL&iss parsp@nsqseie'tvio‘ﬁetolé Bw poéseatatiot @sition for
esentati on for
BiEEE: 3t Eile BRSblair slpBbn S BT T fuublr St ot on.
[011314;3] Fl GFIGL is& parsp@ns@eletvlo\msmagwd@;ﬁceaesslh@mgﬁl with a
devi ceeti esti n mwith a conveéro (ge]y
SPBEY O‘d‘é‘WE ﬁ%l ey P SBpspart 8%%1&}% ﬁ?fa%"t age

deoaures. [ OREHferbidk eymBilemaneeurdsyiak gt Mmdich® likableRAbss.
draw ngs indicate |ike elements. DETAI LED DESCRI PTI ON

[ 0045] Bul k feeding of storage devices in a storage
device testing systDHNAISEBAESURIBENNS over manual

i-ndi_vi dual di f st d
(L asea BFGRE SOk SRE: BEGS PR o i
devdnegedie St ériiganaysh@nidudl ie@ingak btaragddevidel by p@viding

dlscuss d in det prese t|n l'tiple storage
duiee gy p%ﬂﬂ@ s*f%fl@f b yeertevise bsying WA BRI i

'M' vhll Bk Qis&isddA Yetdi \ﬁréé@ﬁmgtrﬁiﬂﬁp@ £6F288 @ ARMb1EL(als6 STEMRA
tem al |l ows continual storage device testin di sk

éwtm@@) whish§eld mulinle ﬁp@g%@edfos@ 40 HEoTgR eviReSTINEF YA

WREKs édntiflaY SBtal:® aew@néisuhg Qﬁsﬁ’c%%ﬁi@l ﬁltshg%t ﬁﬂﬁ%le@t’cﬁige device
Current systens, Inter f eed I nNg of storage

dieies, ey malusgg letea@étlﬁvewdc@cmﬁ@é éfﬁﬁ’@é% ij@écwrmt weoamtage
Qfia. Bulk feeding of storage devices in storage device totes provides the advantage of

shop floor flexibility (e.g. by providing the ability to easily redirect a storage device
tote or a cart or trolley carrying storage device totes versus rerouting fixed
conveyors). An operator can present a batch of drives (e.g. via the storage device
tote) to the storage device testing system and then walk away to service another
system. Bulk feeding of storage devices in storage device totes also allows automatic
sorting of tested drives with the storage device totes, as will be discussed below.
[0046] A storage device, as used herein, includes disk drives, solid state
drives, memory devices, and any device that requires asynchronous testing for
validation. A disk drive is generally a non-volatile storage device which stores
digitally encoded data on rapidly rotating platters with magnetic surfaces. A solid-
state drive (SSD) is a data storage device that uses solid-state memory to store

persistent data. An SSD using SRAM or DRAM (instead of flash memory) is often
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shop floor flexibility (e.g. by providing the ability
to easily redirect a storage device tote or a cart or

w0 e@bhizdgecar ryi ng storage device totes versus PEF/USI009QH0757

fixed conveyors). An operator can present a batch of
drives (e.g. via the storage device tote) to the
storage device testing systemand then walk away to
281 A ROBIVRe ThS¥ah Sd- Bt KereRBd Idﬁqn@ﬁshég Qliddaite
devi ces |n storage device totes also allows automatic
shetpmg fom elegrospchpniopbdevigeth t he st orage device
(5@64935 as WiihinP & EiCRC y%sﬁ%ﬁ’i@ 'nﬁfﬂ’em&QQfoﬁl a%to?&g‘%rd%%e
evice, as used herein, includes drives, sol
destingsydichv i ingledep Weaﬂé«?ﬁie@e@ma&ddraawrt@relﬂpé@gtrhlmtlc arm,
roe t}’ srygt%mag‘ryrﬂlglhr ?ﬁ Qiﬂ§artagt§£tbtp geiﬁlﬁﬁg Y ﬁl’s’t Qﬁg i(%% e’% Ié
& I's generally a non-volatil e storage i ce |ch
stiptaagalli mirmnall th g flepcoded 1datiathe rxarggéschhywn, chaautorgpted
latter i th ne drlve
Pl 20t e TRERG s M oPE SRyl SR BIRL: o e
perdoteymihad &t eba@t the fisit axie A0S amitta extéul ﬁﬁﬁlbuﬁomgheSHAMxm

Aer 4 B0 3o o PR Bl 0 af TG oS8 2B

dicdiden g tiasipelatos 000 dsppbat 2 adisedt Elidxbﬂth:cSrof)dStQ:rﬁlrm 200 to handle

el ect ronechani ca ices. [0047]. Referring to FIGS
PIGOT R SIOMEC dFPﬁ?f‘é3@%f‘%“?‘?r&%ageé‘elé‘f%?%lﬁgor&éﬁ@éo FBt Phg
SH8de8 O 500 et BleSFIEK. 5-8aSYuRIPR radkk Q0MRAe drrhiledd Sﬂé@ﬁd BE
200 (e.g. robotic arm gantry sgsten1 or nulti-a

|r?tr9élaﬁﬂ%%%%f tRyiciggpy meﬁ@b%lc fip 290- Back rask50Q %@@ew@mle
st @1&@%&@%&1@&&& tmwml st&rQ%eaie{ficQﬁOO?Wtfaﬁi%g e robBid 8

exanpl es sh own, he aut onmm transporter
20%gefinsea S@Swé%bucallwwlmk@g éwstﬂpé velyme g %t"é‘thtth? Bekgh
300 B&H§ El%[n%b(p@ghlﬁ hife V@(Qﬁlldtg eﬁ\té(fopg b for @&e%ﬂ%@é oft %htté%t slot

extend radially fromthe first axis . Thé robotic
2l oo vicorzdydhatobetictaam2g9.at ke %léﬂara@lim?yltnldewﬂi mogtingaxi s

§9§61§{&q78%}]1 l#Q?ﬁe : gg%rﬁﬁgcﬁfog p&%pegtdgé %egg%ﬁg ofty lithited in

I st otic arm e or
w@m@ﬁsbbhagechVmoEShsemmanwmpbs$anag@adeap@eebvmfdby

aﬁ(? Q@E?@e p%?(gsta]%/g {if;tlﬁ eoér tgg E§5r§6 %rlge\g#n? gg'de?[gl rQi%tee

360: imackagds ehersozte@tf the vajrkmg &B/efope velemv 20 b'ggaltmyvntgwthe robotic
Each ti

s 000 & rEFaRr ey s sy D iR D plt e b B0

fToe size st tha glorkTﬂ“gGBanélblﬁH voturig 2M0220 bel ﬁﬁﬁhéleﬁcraased by adding a

substantially c I rki ng envel ope vol une 210,
ﬁf?ﬁmﬁﬁgmphgﬂgeéﬁ' % ﬁgzg&?anged wi thin the working

goo4sl ope 2k ﬁlwmaaéaqmgioabﬂ 200Ye. gfroﬁcaféfhrﬂl)i‘ﬁ comig@ted3d 0
for servicing the robotic arm 200. The

é%gwﬁmlweweﬁ?h P10t A0 REFRIdTG C@H%loabféowl 8f 1i%rae2 10

QIEQ\désQS@@ tiRoEATRAC ink QAR 100, RBshtinGo B3R GHihdlvie Yrorage
limted in capacity by helab% constraints. In sone

iR 588 threygh th%‘@%ﬂnug@ysa@%l lowg regidgeptagichng ytop times for

cach storage device 500, whereas other systems that require batches of storage
devices 500 to be run all at once as an entire testing loaded must all have the same
start and end times. Therefore, with continuous flow, storage devices 500 of different

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



10

15

20

25

30

and supported on a pedestal or Iift 250 on the fl oor
surface 10. The pedestal or l[ift 250 increases the

W@ we/ 124366 he wor ki ng envel ope vol ume 210 by al POWUSZP09/040757

the robotic arm 200 to reach not only upwardly, but

al so downwardly to service test slots 310. The size of
the working envel ope vol ume 210 can be further
ifoepeased ﬂaéfe@iqg kIR, YA thi §t@fa§@@$\li@tt%iné gystelﬂmo includes
pedestal or |ift 250. [0048] The automate tragggorter
2000y ptiop SRdeandigareayoribylkdeninggisomee devierSpe imdent | y
SffoMiatel tﬁ@s‘fﬁrtér%b (éé.%tro%g aPrQ, a@%%rg.e The ﬁf?&ﬁétéﬂ"%porter
flow of storage devices 500 through the testing system
200 indppendeitiynerviess ¢achigsioflotidhiby irenyiing oveiges daide 608
RO LI %Ql?sfér*%%%ﬁ)&&éd RYR4U ST égﬁ e 'n%@%* JSBRIR B EhARSds
and stop tinmes for each storage device %, wher eas
onh er mgig soten®0tchaying egliiptestdyageatresesofO0proemekfod sarvicieg

00 to run . al l 0 n.entjd-e sting .| ed
S0 Syl oo 000 18E BB g NaBO A TG RET
weliveriog atd rueusgklooye dstios af@totkad ifioesthd 0ragé ddideftestiegt

capaci t | n run at the sa ti nd servi ced
SPOGR A0 STheTRR B A% s bpunts BONE Tt g SOl R et
Stoflage idbdcs 1500 agmddewi e tra@sdrisngosyEX ainthbQRarmple khuskasina
&ﬁ fer st%b'on 400 c?nfigured for bul k feedi ng of
Grgaehdas ORE 38e50°1bl5 PR CaRSE Bsd B BTSSP SIRPER Sns
(420 & a FredeRbil fosAioMan@ap BOWR)IgnatdNes AIHuRIAGLEB00 for
transporter 200 independentl|ly services each test sl ot
SHphyhe ¢ polleetiarofisiogres deyiess éaé fa&sptineor=06 dedingirs o K0
tebraR&hBfie Sitad e ARR0iRNSHA BELIBS DEiRtiosthes 6OH g% be

transfer station 400 houses one or nore totes )
clpvifiedng “Ried BluE BiceT o il iR 4otSTEOTIRES R IEEPOFBYC
%ﬁ)’fé{;‘e A1 Eks %o E}ﬂ?haé\‘fg tef?ﬁ.@‘b%gecf 5r%%9%rfﬁﬁ&iog'ﬁ9y teg:[hl%_spectively.

transfer station 400 is a service point for delivering
A0F0t et ri elpilmglegenipte)e thidomnpley sBoge devicerithnsnosiasstShe for

Zlﬁ]aﬂ{ p%n %Fgag%d%fgz]%g 5 aé%@%% #eD 4 8 ‘?obtoﬁf &% s al | ow

era iver and retrieve a collection of
stuigigsl tdenaes sBOEe dovieatdrrkpater § Hefrem amsdfdhe sitatotsoli 0
‘1’)891 thé 8 4151% t%?(?dHth%n EQ{? \ﬁ@ a Istlar F‘[: %Vigé’ 50835 én%ttﬁe tg%g) 6{)09
accessib romrtespective toté presentation suppor
yysteabat 4iR0ransleastpioa d00 with itlerstragei devioatrasponay Sk end then

desi ghated as a source tote .00 for supplyi a
E iR GheSiovEe SPERET oD ulh SRV RS ey toste s
gEﬁB ionfat ie@tihgtdﬁ}&: bs&@%efdafficé AR | Afken siigs tiedolsdtio hag e%o

evi ces 500 (or both). tination totes 600 ma e
SRRER Prededs Drereeabe saiam Eutg ot S0 oy Rmouie fspirese
tdetiestrankpurter SSEdavily g tHESPQLHbrYQ &hRE 3QRfrela\hes sRODI0
t hat have either gassed or failed a functionalit

y

st Vith 8e pReiPpr YOO [ BEBEE thedestedtungsifiexics 69%111&1?%?%%6

AORLO¥arSpRHRS FeNd ERstef ANTRAADD &M nPAPulaBhg the storage device
mani pul ati ng storage devi ces 500, as shown in F 4

| :
t1asPPEEoP ¢0 By thgdested storage device 500 to one of the totes 600 at the
transfer station 400.

[0051] The test slot 310, shown in FIG. 4, defines an opening 312 configured
to receive the storage device transporter 550, which in this case provides closure of
the test slot 310. The storage device transporter 550 is configured to receive the

storage device 500, as shown in FIG. 5, and be handled by the automated transporter
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configured to renove a storage device transporter 550
fromone of the test slots 310 with the mani pul at or

wao®o/1243eh pi ck up a storage device 500 from oPET/UB09/040757

totes 600 presented at the transfer station 400 with
the storage device transporter 550, and then return
the storage device transporter 550, with a storage

@@@rl ﬁﬁJSéS Qe bh@e @tlorage & idchBind X%&Erssrs@ts rora&veliFFont ERLJFRR
of the storag@ device 500. After testing, the robotic
v

dgshi 109619 with fhevelot PHR(ctee Sty @irbSingr Y ptheawis er2g09 the om
LRRnGLEST 553 &tthe%llags ol?t)ér 55%"{;%‘[{ th¢ mtaﬁ]iﬁuﬁttopﬁ(ﬁﬂﬁ tﬂjeerY)b@tQOO) In

transporter 550 carryl ng the tested storage device 500
fpoprexamelas etstilletrated BITGS: 5-€. the viorage deyvécerrnsnouka®r

?&@Jdes g ﬁgﬂiéf B&ngﬂﬁ a%ﬁﬁs‘?ﬂltlﬁlg)pg %g%peq(?) cfr?g %qqoﬂnﬂbdtb

storage device tra sporter transfer station
4010w aldrich2 nEtr apdr b &tdepdpte Hed thataplé@evdsevlilcofetht fiams SO0 toehit

0 r. t ne, of
AR 8RB e Bk R PSR Bl R R0F 606 S e SaBRfudlee
tiesspogtrdis0 8didbhe mh@dﬂe pnvik . rouqncdrermzﬂ(e)sntara popeon bapedi 2
configured to receive the stor evi ce trans e
2800t et Rt SO0 Ruldt SR HABRIIE HoREe B ARERD R
S0 tefditA by THeaots 600 agee.gdeVIiGSe 319 anspadrhgs debkd tra1$sp0rter 550
S b 8L S ub EB TR RN e S0
tdeABS 0O b eleRd0al filokh HE Byte am)e of the storage device
transporters 550 is renoved from one of the test slots

3B th t W& feptragsolsviee >y, in pRye bR G00 of the

QIRRE W88 ®MHGRGPSS0, rﬂa%tdrarg@%erleé trfRpoRE 5 A anli K. storage
transporter O with the mani pul ator 700 of the robot

2goye SQ0fogcshes WV@% by #he rplqtig 8t PR Er plycqupanswithinpne of

ttlﬁbetesﬁfsf%{s%% AN PintF18NE ARKLRE mﬁa’i&nén‘ﬂa@ﬂoh&dﬁl% rﬁ’anﬁéfu‘i’a@& 700
defining a substantially U shaped opénin

flmlwe@nﬁgrurs Wantihte getggpn of @ glagngandshanesnp § #r Gspoews! in thst
%%Ir%ggggwy@ér%sﬁér!epg\ﬁd hﬁnsfarll%w? 92910&%1‘ Ih'e%ﬁ%ﬂ%qgecg% sm 570

e devi ce support (not
thare thhgasportcagel dewiveéd frpmahrsip@rdoé ito B8 Csteet 38 tcnmh@d

(n?ovg {:1?1‘[\/0&“ the sgfag(e %Q\QIS% ﬁ)Oa}elatlv Otg)[he s?org%gi ﬁ Q3 {r£ S&er 550

benea ousedrin one
@lﬁrmgrﬂhb mmlve Bm(mtcagleerdm/mctbe neﬂcspr HE thesn£g ke f700 ech dpgin

B0Gt DS B SGafiofizn Sy Hilorpd it RO PRuA B °©

fabetsike. ANiiaBoad)fot intdtida (Folsd stirage d@nigaghmgortdt & 56 indy agef
evi ce 258 f or rhermva dfro he. t ote 600. é}L 052] Wth
thigted SlgPz3 8. WLl ihe stotgp devic dsem\ii‘rit'fsﬁp?f“for’i‘ 430

Qréww@mﬁmrrasge cRl@BECRIth b ARSI LhRiectdP@ot h3®nE tTHe@Ggnping
devj ce transporter 559 and t he storage devi ce 500

G RAAER O VS PR BTGy et 1R Enga8H BitEsT dpi IDpencr gecived

Phed&£ T8 thidM hiNchhe NG 1R stdrlR de€Bt trdlsPdrfer 33@reladiS e BNAWMRst
in FIG 4. In some inplenentations, the nmani Eul at or
799310. In such implementations, once the storage device 500 is in the test position,

the clamping mechanism 570 is engaged again (e.g., by the manipulator 700) to
inhibit movement of the storage device transporter 550 relative to the test slot 310.
The clamping of the transporter 550 in this manner can help to reduce vibrations

during testing. In some examples, after insertion, the storage device transporter 550
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Is also configured to initiate actuation of a clanping
mechani sm 570 di sposed in the storage device

wo e@ndpess er 550. This all ows actuation of thePCI/EHIPOIGH0757

mechani sm 570 before the transporter 550 is noved from
the tote 600 to the test slot 310 to inhibit novenent
of the storage device 500 relative to the storage

A8y L6Ret 1ANTROH te@rhecbﬁa@remré B&@h ths ﬁmwlesecﬂd i@lcotBination or
insertion in the test slot 310, e mani pul ator 700

é@h“ﬁﬁ%@ﬁ“%@t@&ﬁ%tﬁﬁélQlanplng nechanlsn1570 to
-Fhl 3 ?S e t heershQb ageratey 1§ echéBQm}S\ﬁlEth ook ?ec{ureé'f@a 68t end

al lows for |nsert|on of the st orage devi ce
2Pansheradefic 50200 hoswreimplementatipiss the sagipglagr GO0 inakudes

tﬁ@ﬁ and Qercglgiearfﬁ?ﬁ(? %36_’ 99 ds§ rga ﬁlaltéigla%tgp%&fertﬂ@ nInVYhé &aﬁlgles

st'orage devi ce connecto
(sbcvwrethdGS(%blt tieHfovirand séﬁh@d ahapo.riigo mat#rmng@hnmo may

%ubc's?anp gll C?Hhalpgéj 0%%§ur91t1 n\«g?lgﬁesé'm? t0 eg&t otﬁ'I ot 1 once

He storage
dmp]lementamcmﬂ,stpmm 1726500 cai st dmp@setdon b’rher drempersdnot suzh@s

BN atlons nce t evi c
180 AR TRLEME BB o RBRe oSSl Morie b AR 290%
engagedcapiird’ 4@eogff“1gureblyto trehéasdibiﬁ htpidh &f Dgtord@0device transporter
[ i bi nove of t evi ce transporter 5
PEF B b SR Shail o ot 700 e S AR bR g T4
g@&ﬂ PCbedas @ tdbhctuBios 7 5BdIEREe CANhd @707 30 eUHERD
ations during testing. In sone exanples, after

PREPY 19 oRepRb IO SRoyg &t aRpladdalisy 4Asidai iR eosip dfiggtions (o
$L104:96 cslRYVé £ RAD. Gahgd @e@l&%ﬁs%bﬁe@rsg ip@ b elcafRed or

secured in conbination or individually within the test
slpyee marpporfep EB theralctic 2y §0¢ #rdrmangyulagar7P0 agepstuated to

TRRLRKE S tl?eQ%ublérs 986 W ekcliR @ostiaS! A4 R0 Q'l%eﬁi{?&’en%ftloﬁ 5

robotic arm 200. In sone inplementations,
wh Hicplorage dpwm@amsmeu gsanglithestactapg theeelppriuatorrd0 Rppove the

?&’b@ 7@.4'2,57@9 §ﬁ9y ﬂ&n%a% Hlé@f%?g{tﬁg}ﬁp@&%on 537 Hy%leasa le

exanpl'es shown in I'rst and secon
aﬂw@IQZ@suﬂ@ﬁdaﬂd3QMEan@edﬂldnaommbgn@hﬁﬂb¢mbsWMSﬁﬁb@d

t C 0

F0 SRR o STRRE b B BRI s R g,
@bhe&uamp@ﬁ@éﬁbnmmhasmﬁh)ay)&Bﬂ:ﬂa@pﬂemrﬂxnm$ﬁachm

er .Qr Some o re et The ar .72
e L R R e e e
af thacs}a)rztg@ dﬁwsd t@dnalgﬁ'tﬁd €50. afilehraafp&4opmaﬁofasr7§55mf4 rhay Heh)@grable
exa es own, . each coupl er i nc es first. an
JoRERar pUba e slamping s BRET (D @ sheesldeege e plamping
asdchalispn 57060 di sposed on the arm 720, 730. The tab
actuator 750 is operable to nove its coupled tabs 742,

In oppdefrige & FiEet {ohd 1t Wﬁ‘eﬁrX@a@lgﬁmﬂ NG TR

hﬁﬂhdie@lnﬁhfareaﬁﬁnﬁﬂm&%uﬁle@ NSPRLHREd SPPmadiBulioprbody @0 and
stogwge devi ce transporter 550, the robotic arm 200

AFangva M PObartsHly yoame erigiéationmed respect to cach other (e.g.,

parallel), with each manipulator coupler 725 spaced from one another (e.g., vertically
and/or horizontally). FIG. 12 illustrates an example of the manipulator 700 having
first and second manipulator couplers 725A, 725B arranged with a horizontal spacing
H. FIG. 13 illustrates an example of the manipulator 700 having first and second

manipulator couplers 725A, 725B arranged with a vertical spacing V. FIG. 14
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maneuver one of the couplers 740 to place the tabs
742, 744 into the indentation 552 of the storage

waelewpaz3se ansporter 550 and then actuate the tBEI/US2009/040757

actuator 740 to nove the tabs 742, 744 away from each
ot her and engage the indentation 552 to rel easabl e
attach to the storage device transporter 550. In sone

SRATRLES e;&ﬁgleto@% Jﬁl?pula?&%@ hEiRORKt, SRBRE thiAN SHOHurth

have friction pads to en the 1ndentation 552 of
treingtagt sgeldevi e 7€ RS GfPéP aggpeed g ththgherizppiel spraie

@f bdh) Een BRSO ond CipaS735iAT §55 AV SRk Qﬁlﬂthﬁ!i &lPfourth

actuators 762, 764 con |gured t o engage the cl anping
wewterni 336, 529D, @ﬂld tme/eétcelrsa@céngjﬂé\bﬁtwelt afisy et seeong50.

EG@plé‘rF PN FOOBE P nfR%md f g%ﬁe rakh et @ Rush

or pu arrpl ng nec an|
emga@a/ @l nlslelragagé spamgad laﬁqbtor@fsnte»@hauﬂ smiBiFQor o4 [/25

I%eofmeort ?r ‘&11%96'660 10nﬁ12 14, in sone exanples, the
pul at or udes nmultiple nanlpulator coupl ers

IOIBSSQJH sposkgthammnpurmmicpudlat’of isoafigurddioanghgaknduripeshblyn

S SPb e FE RS e SR BRL L v

c@alwwemle fabipshat a0 fordelived asd Raalvh ersc (heveg 500 fremtnnd@dlé yest

y4 12 il lustrat exanpl e
ST R B o byt gerp AR SR B e o
fin‘UHﬂﬁdd@IeQﬁe aLpg ef gS s?n%&par A& BirédtioaN 98 ¥ntdie ar more

hori zont al spaci ng 13 illustrates an exa

| e
sFouppaf tﬁ%{ﬁlO&Lﬁlgm afb%yewawﬂ/ﬁgn% gdgqceny it eals gHQ- suc that

MRNYoPcak 8206 4 &lctvel ARAnanipldb 780 ket Widh hudiple test
vertical spacing V. FIG 14illustrates an exanpl e of

sloes HAnt piskat orexzopleravteigetryithstest sloisdd A arangsgl pocolugppg and
QW Tl BRI REH attl@ﬁlalﬁﬁlﬂ@tb?éo%lp%?s%ﬁ aFeQa'i;I%n% el thd gprb%prlate

arranged with the horizontal spacin et ween

fspm Y ?‘é&‘ldhﬁi thegugmiayasorcpapers 72@8@8@@“&1\1@ la lgra‘glﬂn he
d g&gw@ﬂ\g} sbcgyg fd1f0i: &’ﬂmﬂ%[ or?&ﬁé‘v n%&?@drw%g] g’Od ef}lg/oY ﬁ%l%sg%?érs

paci ng et ween econd couplers
736B arint the tastilotel3 Ehdl hbmm 6@0 m@sulpﬂ @n§ gt ©, acyammdaten

%ﬁ@oel? ’é%E’Hh?e% 506! 1nt agll ﬁa e?lt t‘ﬂgt ﬁgc%g {hggiglc ?in%cé%?% nsame.

various nanip or coup romothers’in
tnemee ad ilreecst BlOIS§.10 @@@ﬁSﬂgeEacfhe lmm Pl dthorrefor vl eanipi2bor

confi gured e. rel.easab hol I
700 RE i S P MR T R e B e 1554
Wﬁti;h ks 300 Bzﬁ@%des_tt @103|3|50\M {ane nmnergg % a?mheﬁ%thttbe storage
el.lver an r rreve | | Ves rom
Bue Srutieits 580 BT el 11 A Frmectin s aap el nfar rows
B b@h A, OThe muqiumcs cOdferan®s @iy Bgrdodduacharmdgatiaes
t he spacin gle or multi-directional)

BoceRusies 8fthﬁﬁn>aém§rbamf§n Bfiaqeakyloragegteyics iqgeRtesiey, 620
adj/seakloanboroNaampR] @6 8RhiphBeE c&lpRES7 31y, be%%ﬁ’ged S0
ta??ot retrieve storage devices 500 from non-adjacent storage device receptacles 620
(e.g., first and fourth positions), while delivering the retrieved storage devices 500 to
adjacent test slots 310. The converse may be suitable as well.

[0056] The manipulator 700 may retricve or deliver the storage devices 500 or
storage device transporters 550 carrying storage devices 500 sequentially, randomly,

or substantially simultaneously. The manipulator couplers 725 may retrieve or deliver
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the robotic arm 200 can maneuver the manipul ator 700
tointeract with nmultiple test slots 310 at once. For

Wex@an®se6 to i nteract with test slots 310 arr apgEuS1009/040757

colums and rows in the racks 300, the mani pul ator
couplers 725 are arranged with the appropriate
spaci ng(s) H,V such that the mani pul at or couplers 725

Sigdradt dedickys508l or Gdrak Eléhdfe%aﬁﬁ%%ﬁé 858 i sg(}rége?uﬂeoicéso r
an or

delivering or retrieving disc drives 50

PR HEpRertzentgllsguycttisalhy adizcgph pHwrigesallysqr geicglymonpdcent
tsf&%e g@@cé@&’eg@a%leg 5. '}gﬂﬁl%dthte%a%ﬁﬁﬁm 1&s amm%‘)ﬁ}e@heve or

di s¢ drives 00 in an arrangenent that spaces di sc
dlelixes hespmrge devesie Ofaniteegade vick drapspariers Iﬁﬁﬁ GAITIING SEEge

318 {21906 .111’[5] héiBnta t&f}\re:r)’t%glly I(Q%Et:; or I?Urlz&nﬁ a)r"%Qf'enggl FfYn-

may i nt eract totes avi ng st evi ce
radieeqnt st ségs. 620 (FI G 15) and with racks 300 having

W87 L e ceu eserhll TR ERELy: Snde el Gl 5

arespaced angaohtally (Bldb $2)arvithi sabdtantigilymd edrticabyymciapd (e.g., ina

&0heh T T T8I B 9B S B e ooy B RTRSS

Spaddk dgvibetcpepenlcadp@mnahd sagic@6 0 gethd @e 6@ dsantipt delivesand
or test s

FAF BTt Bt B eSO e SHPRRAGAE SB0 tgng Fom test

KRy I 1OVEhS s AhASR SFeMbake®05 Qoaﬁoﬂ@%)&ﬁﬁbieaﬁi 1a@mtenﬁh@{sage
devi ce receptacles 620 (e. irst and f

pasre thomayipulgig ¢ lge 726 & Sﬁ@“’f‘ I’Y%“IF%{Yr(F gé/éép @%?ﬂ%?@%nﬂaﬂy

HShbFLShtad %cfn? }p«éjgaqlemo“t)eﬁ& nﬁh@hﬁt& 360 mdN g1 OB S&Beve
may be suitable as wel [ 0056] The mani pul ator 700

IYEyaLe deYiFe a0 @randéwwwangscﬁ drcarfecleri?0 dipthe sgue glumn of
HALRIB0 FEWLIER deliRISRPFEHS st%?a%e Q&ViEMtAAehopeR 580 Barrying

devi ces 500 sequentially, randomy, or substantially
stomagedayiess 199 fo antfeonnigstisjptd H o the supe ealemiy 95 1aeky300.

éﬁ)‘iﬁbﬁrﬁ\é@nsocff 1€l éx‘éi?@eg Er Foid98: JaY L&S%s ﬁf&goﬁ%ﬁlzg a%é%%e

evice transporte carrying storage devi
inpngukerriceanidral?y loexararies gehkyshaginae EKi 14.0orhere the

I‘l Z r, ver ; on- adij Y,
ARl A0 Melge B iR A RERRNASH SLARR HVED
nmmuhﬂto*rﬁé@ eanofelid@|any extridvh stosigo dadess de@tms f@ﬁﬂst@rage
st ara evi trans ers 550 carr
SEOF SEErBY B0 b RPRBRI TRy SRRt et iR Gt
@elived b Zieiicad i;tyralget‘ davede tiaGplottyrs B&haﬁﬂy&i@afﬁrag@eﬁ{uﬁ&l 00 %0

Xa at.l on ere the
raer et Koo d e BB e A encal Iy (kG
16058 t ht ﬁllﬂbﬁé @rahlpl@l 11thystragd \gﬁlﬂt}sc 35 |1§ be&%(?@'u{c?;dls a toten
ro e nani Qul at or el ver an retrieve
é?félaa@g.acf@gt 5@@06% L2 b S#Pé# &ta?%@% 6ldet bettom side 614, 2
rr%ﬁﬁs%ea@l'S Qfd B2G: didd d1BETEAIR: BoaWs 0l déﬂﬂ@s tn0kiBlc@RPa@evice

wel | as deliver and retrieve stora evi ce

trecapiapleT 420ris thsdipntdde Gl ribat @tecﬁa%@ngéw@:@shosw fJagind

fe @B §®Stn some examples, the tote 600 rests on its back side 612 while in the
loading position, such that the storage device receptacles 620 are substantially vertical
and face upward, as shown in FIG. 12. In other examples, the tote 600 is held in

another orientation while in the loading position, such as at an incline or in a vertical

orientation, as with the presentation position. In the presentation position, the tote
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slots 310 in the sane row of a rack 300. In another
exanple, in inplenentations where the mani pul at or

W@ omwplizasss 725 are spaced vertically (FIG 13) RET/ES2009/040757

substantially no horizontal spacing H(e.g., in a
row), the manipulator 700 may deliver and retrieve
st orage devices 500 to and from storage device

1606 §RLs 36118 Bo@RR sillO 6 141 Such AR (1 QloIR de¥icd IQ@eptteme@ 60K as
wel | as deliver and retrieve storage devic

srbstrapeit rigomagand fce YAty lys totharya Hulékﬁ éésﬂ@detetb@diaﬁw
def?I[I@S LAR (gro%{fé%t@ao e h@httalﬂg 1eFEdes %% Wig optile td 1?691§ 63@ Brat

nbi nations of these exanples are possible as well,
@Uﬁwnﬁgﬂdi@@bmarmbe@ﬁﬁ@@d mani pul at or coupl ers 725. In
| es, [
T o P B P 000 ot
rmmgp dbdcaruppatfd 2eosfigi@s] tOtShI@Onaimepmﬂl @budion wl)(scfaFﬂG 7) of
rece?vedggogagg g%\?llcec%%(g)ttg té [ aglglélg elatIOCI]te Sfﬂ:lse SQ(?I‘%%G q%wce f56(9 'cmong
alDIﬂ-CGIﬂfaUp'ﬂTSOIBf I1i $venctiopencoRtias, thebﬂorags deledel sumortma is

SR o SR RREE e CR b ARTE RN TS Sl P LY s n
GobstanTisllyt esticabbrizhitidd, Quedif tha tllieaﬁdfa@mév{cﬁ) B&Bias lanerdiig to

e le i.llystrated i.n FIGS. A 15-16, the tote 600
I B o Rl sE eV Bl 0 etiten &f aEimg Sppes 5
kalaﬁlse &t@ackl20. Aot@RovelatBuld Storade AONEID0THIHEhS ddragd

ght side 615 and a left side 616. The tote body 610
@é‘rlp%@gepﬁﬁsiet@& the SPRRE ey I RTFRYA At RRsitioacdsmioy thet he
fstopl asiisesdd (1.3 dynad rBbee SACI0FANA dbth&didh Re RRUSIECIR620

storage device 500. In sone exanples, the tote 600

rad elevas tp it thaarinragg deaice 590 o pf e piaragp devicsaapingt 622. The
RSk i@ ee ééh%br{eh &0 i BRn SLRNRA BRGNS GErab E&ERE AL HE:1685)

are substantially vertical and face upward, as shown
ivhilec@ryingthe ptarage Henceea g1 dshvery Fea dostieatign@rges shadl ad ajtest

P ﬂ? Mn 95&1@9}&1 'lei(s’ nthcy\@[brlage Ji&flcte *P@ce{a@élg Bﬂgoﬂﬂﬂo{e' @9-and the

such as at an i ine or-in a vertical orientatlon,
wianfputaliee cpurdere 2 adan bn sposd wiheve substanthdy freegsmavertica and/or

918§1ﬁonlta}q; 0 ac{ntﬁ] &f {h?te%ﬁ 89‘[5 ﬁ?tﬁle(}n Icptu%att& | es&%%? St cﬁljivers

or age eV|ce re
swibgilastbiagd diqmdes)ﬁ(b(k@rstoadgeainﬁcé aa:rspdrmseisalchlyymgstomg@vm

in .Fl 13. . The, tot e, bod nes ar r
dvibiscon Fiisn il bR e e S b B P PR ey
[6"1b(ﬂl thb atorage ﬁe@@ﬁéaegtaelesmomfshepp«a EOO tthaspoat &e@ﬁ)@age devices
59] In e exa each stor.a evi c

S0 Btoreedea 6 T REp e S e e B ageen 0T g SOl Bhur o oz
GEURE BUUARIG ubLanSbIBPRM tah R RE defiber ek t6 Multhle SR 16
ﬁ%»of the received storage device 500 to al | ow

APHTA RFPFSIHIC Ry s ds et I8 FGE® detpPeteaes deyvispy00 or storage

RISV S @4t pGHerPB0ch PN He stbﬁg@@&%eb 50U B6¥R catdt 908 310 B&k to
storage device support 622 is configured to support

toR@ Osmeyie Agfes P8y lixwwnsorrampley the maipukEor GRHplpis 72haret ot e
Qgﬁ)ﬁgu?ed' tB nfbve in one or more directions (e.g., via single or multi-axis drive or

stage) to accommodate different spacings between storage device receptacle 620
and/or test slots 310.
[0060] Referring to FIG. 17, in some implementations, the transfer station 400

includes a transfer station housing 410 and multiple tote presentation support systems
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w0 b@grssage devi ce receptacle 620,

substantially vertical orientation, such that the
storage device 500 has a tending to slide deeper into

t he storage device receptacle 620. To renove a housed
storage device 500 fromthe storage device receptacle
620, the storage device transporter 550 is positioned

keh AitpdsBE oS theha88erdRVibe BorRQ 406 Bachldte gfé@erﬁﬂf@ﬁfsﬁﬁ)oﬁr m
200) 1 n the storage device receptacle 620 and el evat ed

spstem 20 i wenfigusdde ecceiay prisupit Htpragt davise (e BMkige
PRUERSicR PORRE tg@f@&«ic%? ﬁy HQIALR WU C&ires3ASRIHd.6r 550

i's then renoved fromthe storage device receptacle 620
WPale car ripisage ithplemenidtmgs tipdoicdeessugidngnpriet systemy 430pare

car | ' |
2486 oél%tdn%‘e S QR of 315 GlndS shtibf fdus gqlg%gﬂtg?rratlng%cﬁ ome

exanpl'es, the storage device receptac

tvetttigal §0@itlargsbet tre eadoritipn| Bachrtote prepdngation F@PHoaystdyes 420 has a
e o.have, s ngi all h vertical anp I

ARGk Sy RS PO Bl I Sl M fR R

nienoppratoationG0pproet systemd30 orcluded firgtemd sensohd bylosing parsaye,

ices 500 or s a devj ce transporters 550

A2y O R R L SR e TR bRt RY PP O erooves 630
fslbﬁmﬁdtbgn@w&lbyod% fjdﬁofhh}é gtérpgeedema:tcpmdsw or ;:oupl ers 725

(0] t he storage evi recept acl es 0o the tote
S8 ¢ e RSP Al i en e TS P te 4368 dpotel Gp yuFanster
devbieBouksnaasP akd i€ tsn iR d ¢ambyd @%v&hny @@Pled @é aginS00
to one or nore racks 300 and substantially .
SHRAF 4R eBitich § cordiguirdrie rachis it UARATE 4 Yprass dyice §3tePQ0-

340 totd RAIRR TR PO AEHYSE afPMoRE bR 4 Nrst FOLRIOAAnd £ sd¥BNE
storage devi ces 500 or storage device transporters 550

®avifig. nihedete ey 448 asgwebormeymtitatet eagingsuprost 90
kl}@ﬁ!‘eeﬁ he P& pBitidIDES? th;ﬁzn%% sﬁg%e dleaicé%%(ﬁ)iﬁma3§g _pBJ?@on

mani pul at or couplers are configured to nove in one
¢¢-21p p doionEE pligitaiop at the loading supiparyls dirsh positigdn.j and gegecond

i. i f Ci .
S 2 A RTTI U A SRERIES

etweén s
shiptatidlyoverjl@Da@hteRef)et piang thagoRip@seritatjoni snporsgstems 420

if@s’e%”&é‘gt @{ th? g{gl’ag%!?e%ic:te rt(%ﬂﬁ% %rrsteﬁlt I%bn{g?gl bé"/lqee {o@?tée“ﬁ%szoﬁ).

transte ation~housing and
pn essrdxatmplen thuprerésestysinenpptzGysiespids ddldothe tdte600 at a

transf.er. stati on housing 410. Each tote pres tion
SRR iopL R, S 500D w0 aRer soReCaRlEs S fom
sugdaedly aliglioy agef tlewitceot ote 600 in a presentation
i.tion for servi.ci by the storage.device testi.n
8GR0 hm 100% 68 £ BTNt SR RGP s R
PSRN BiabOfeviddP PO 1 aS¥54R MBvid2Qstaip8yfas NoElfos pes@thndn
the sane side of the transfer station housing 410 and
ZFMalHgE aperrice 4rpspoliri N0 f e FeRatic pENEY EHMIGIEES OF BYEh

LRk REASRBHAHLANhSUHRES devi¥ 818550 AdQcivs 1R retkiti@reMge
el evation with respect to the others. In sone

e S0 taeorssHMRANE festlets 3 hGgof a rack 300 of the storage device
testing system 100. The method includes actuating the automated transporter 200 to

insert each storage device 500 in the test slot 310, and performing a functionality test
on the storage devices 500 received by the test slot 310. The method may also
include actuating the automated transporter 200 to retrieve the tested storage devices

500 from the test slot 310 and deliver the tested storage device 500 back to a
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the tote presentation support system 420 incl udes
first and second opposing pairs 422, 424 of tote

waappareear ns 426 configured to be recei ved byPCT/US2009/040757

respective arm grooves 630 defined by the tote body
610 of the storage device tote 600. [0062] Referring
again to FIG 17, a tote nover 430 is disposed on the

teanshiar lo&dish] BN oRe HSHIeMetdbndNE: hShEPNELIM BEictife MOVeE
a pivotally coupled tote |oading support 440, which is

cwtinlgicesaied storage dpviees SAA aad debusringeaeh ofythgEoaesdeyises to a
r&‘b@c‘u@@ st I8 16. ofneotllle? AHBPeRARRE rtﬂe Ao PihVRES sﬁ‘t‘i‘[ﬁmg

noves between a first position and a second position.

Fioeage deacayd (e pmaBnt jtast dem P | Qo asthating e wetompted transporter

I i it - -

Bl Ao S DAL o R 8B B My E P Dbl O wih

pdsittiaampulagargouplers 22horovingrie akecond testtst B Whandtreménang a

IR oly nd . ec

S MR paR gD ol R Gk 8 PR bR EEBR TP e

randarhem iraentmgnhp dsst tsuomge (1ev1@ 500nnta tietsbamarlot 210. yrhe method

vert cal i ent ati e of h tote resent t on
Pt‘““é SRR ég X ?maé% t\f}nél?%{& P P %I%S’ISSCgOé‘ storie

dlevit:e:te theefiki tag sBY 310edind LBOrtin g 13- sedyd kloeagt dbadd 300 the ﬁrst

30 BOTis S R Ssioh Gorobe R R Bl B ReN

(nRngpula@r 70 Brolvidedijtinef Advaitadcs ORertaQidg@eRAMSY Bafi@tlator by
devi ces 500 from accidentally slipping out of the tote

aoving g prokangst AbHOBEe GaiceHr (N ah grc s hpaiglende paying to

tAgtl sfwageraeblwﬁﬁ) Rk EBLMAT 08 sIHUE 10, PArR (1t QAR HBY 5®ES an
500 to storage device testing system 100 for testing

@ﬁtha%QtééQ Phig adefc 400 aeree ernptharfépagerdsyico H frem g second slot
r3‘?@ Qﬁd fscif tﬁat sIo‘Pag"e %Wlbeeﬁffb iR 8 Ofirs B 81083 l@r ﬁ&ﬁhgﬁr\éﬁfé@éme

500 fromthe storage device tote 600 and del i ver
etked etorage devineage amfbmsqre( ) thggoondslet 31 9-eBlisohdl- ﬂgleﬂ est

%a%p%la%o} 386’ fePﬁwEsat% O &@lfl{ﬂ%&le%tf‘ﬁ{eas%‘?a%%‘é%l%gs JoBShiR9

system i'ncl udes actuati
avwtemeg mjrager@wp&ﬁ(loeam@@@ tvotebtndry 110each st or age

the test slot 310, and performng a
gsr%cgt?oorﬁegfnog test on the storage devices 500 received

b§oGthe t esin ssineﬁmﬁiélﬁentélfh)ﬁs nmmﬁﬂodmyluddssarwwng udkiple

actu n orter 200 to.retrie

PRSI Pt e R e LR B B BB b NSt e

ag)ebgd dbvivearo & lkbepdcasd ed sBit @l‘(B@lBStﬁilﬁMillSZ einhitthdoadk Tig method

adestinatio ocatl o enent ons

R e e et feen S0RET RS JoBS APPea bR B

dawnﬁea tapoAndod el ik Nget 6ARbra g defvl&@s SO0OY @G € fiehe Vot @es
a res&ectlve test s|lot 31 I n othe

t%ﬂeﬁ%éh 13 BWEDlemaipma{as SenleT 4y @%r%rrﬁ}%l?m thgysesestsshef

davilcEes 16 AMPRISIm (®ShntilIPtSnuBdfolMy aFhY &chMbket Hlest
automated transporter 200 to renove a first storage

qkots H8. Bdtgrnptivehy, sherautosrateddigpsporter 208 ran dliyeictas pey pﬁﬁjoruage
WetiBes 500 to a set of storage device receptacles 620 of a tote 600. Similarly, the

method may include retrieving a set of storage devices 500 from a set of storage
device receptacles 620 of a tote 600 substantially at once and deliver the set (all of

them substantially at once) to multiple test slots 310.
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a first mani pul ator couplers 720, noving to a second
test slot 310 and renoving a second storage device 500

w@e@aza3se/ing it with a second nani pul at or couPCBEDS2009/040757

730, and then inserting the first storage device 500
into the second slot 310. The nethod may al so incl ude
actuating the automated transporter 200 to nove the

sesNd st opRA8HAEMIEBlekRrdddetitdsSho tf(?rstésnﬁé ph ﬁéLQ:hﬂeQQd by
inserting the second storage device 500 in t% first

tleaginggpgtiplg gtoragragvigen Q0 4 tof ey seiigt0stsddepsling the
%ng‘é%eﬁ@ééfsbb hﬂ%&%tora%@@ev%%ce ALABO R iR t@ta‘%ﬁorZé%Qiewce

provi des di stinct advant ages over a S|ng e-arne
rieth P lked bedipy thglstosmee ﬁgw@h 00 entehata dedraps fers&taﬂoa geo. A

R e e T
tohe fretmor lagkngimvitioe taDEresentation povpiop fer setvicddgbyathe stnrage
ther devi Q0. .from a
065 e T 0 B SRR e PR P B i e o500
ipadsentgtho@ posiriet b}t a@stof slutttpl Std, pra;amtamdmesluppcet systeme 42(he

k 500 d t
e o5 AT e Pl AN Bt PR Yestt s g aSPRRE
hehotiad. pﬁntlglmgomgtede@fce thi& @0 ofaalgroddyg isOesze IOAcMID, &an

wappi ng. st orage devi ces 500 a e sl ots

. i@g(ﬁlalggp?’ . ¢ Hﬂ? 8 Q%?Rsnlpaegﬁ]e%aﬂsfgros}@lon 260 and moved
bR OR MiVe MBS0 ith REpdFBV R chRGb IR Rioh @ $re@V tHRGnultiple tote
mul ti ple presented st or age .devi ces 500 substantially

HISENFUORSBRROFYPYS{pIaS B TP Yigine Radip SioFace Hevics teitigg aystem
deyi ces to a respective test slot 310 substantially
si mul t aneously. The method may i ncl udes shuffli ng
$0¢0hge delnireEsvinponcinig of thertescgicdstorage deyjges S00 for

Q&Elﬂgttﬁé'}getﬁcl;@pr@f&aglmﬁﬁgdets E@tﬂa?tfﬂ% n[ﬁeeo{utcgipagedtt&nglﬁ)%y 0d0

set of storage devices 500 froma first set of test
sttoee @e Or meicgtardetdepketranapdrsn b 2t Gre. Gom test slozPlH housed in

crky3'069 &fc%a'ﬁg% tﬁlg fc]ttﬁtl‘afa%lg%d %@ﬂs#ullftertﬁé to r%*rf%(fec‘ 011?!31?2 n’?o@éj

|ver t hem su y Si taneously t
S'@G@ﬁ degets 560 fivmghe winsfes st@i@, 40Qlahé carat thy gbpge ddveses 500 in
delj. ver . of
?#ggcqgg gtgraég 8&?&%&?&%& g gg ?’Ph ﬁ%{b%c{rs 151091%@63 él\%/t?l!ci:tén% the
raeme;ateactﬂamoﬁmomto delivatthe 60@ge &Givive trandpyrters lﬁﬁ) afmtyhrgdhe

i d t dev
Pt 260EE S0b RLbuPiatalRBa  f ke Bhru it BG5S Reene
61%()5‘[@131@316&1&5 5@0 T?ﬂs@ﬂ;y&h@ﬁ:caﬁdi sttt&hgle:ttemlcé h{ﬁlsﬁiaier Gat hndahe
t he S anti a a once O nmu e es S
SOt e Bscat Ry R T 118 sBrist JBUCe A sRag (4 BF
t@8{16099 10RYIUE iaeRirRROst&Ygd RadE BgnsFUtdré Eﬁ(ﬁcaﬁ@riﬁg@&e
devi ces 500 into/onto a transfer station 400,

SoREE 96V iFH S 08 {15p g destieloty & HEndlraskni Q). exiabyishjre %1125?%0

BERPEF Y BSccR A UREdNRACEY508 afd Bk 4R 306VARE: b@he 600,
and | oading the storage device tote 600 into/onto the

cpmplsted on gheptqrags depges R0, the method includes actuating the automated
transporter 200 to retrieve the storage device transporters 550 carrying the tested

storage device 500 from the test slots 310 and delivering the tested storage devices
500 back to a destination location, such as a destination storage device tote 600 on the
transfer station 400. In some implementations, the rack 300 and two or more

associated test slots 310 are configured to move storage devices 500 internally from
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tote nover 430 of the transfer station 400 is actuated
to nove the storage device tote 600 froma | oadi ng

W@EoPHEEre t 0 a presentati on position for serviBCHYS199I/040757

the storage device testing system 100. The storage
device tote 600 is supported in the presentation
position by one of nultiple tote presentation support
NS 1Mot 420 0kinSesed sRN3 fhes hiRnalernst ak It&nsllsvt@gﬁo 0g
410 and arranged vertically with respect to each
drdyésionedfridifiarent &inds affestdevi ce t ot es 600, each housi ng

$od;p0€ dewisGRs e?ﬂl%les AP nfehod SUNRRE Adlakie HleaGRfaled the
I'oadi ng position on the transfer station 400 and noved

[ypnsplaecnt 200 o dappelt the B@ratg@ diries traaspyeiet $50dn Predeseripiatloofier

ng dsh g@heatgsté?ﬁ?org cVfee %ﬁ gt'aRlleﬁinta@(E)nelo%igﬁ Sef'%zi'ﬁ 4 chrage
port ‘systens or “servicing by the stdrage

dle\mp@ecmtq GQQ 0£y§¢semtib®®torﬂ[g© 066} tote G08L o wpéatige dre or

ethod%sfﬁ%t gw nS’o?hn ggrag %Og? tesﬁﬁg E %O tfr];%e rthé r%%n g,

fera es actua t ed
tdeanesnoafptta&te @0@1‘& &om@tsnor@eeiemnetom%()@m e stor age deV| ce

t 550 ot
TARRTE00) InsRa® ubiedendi it Sl S AR 505
mnl‘lﬁ%altdr%? ciﬁﬂ'@u&ﬂ tmnelesimﬁlag gtofdey lsss SQDarddrod Biotdae
ransrtrer sta

5§n 400 ? car{ t he stq£ %F devb§ﬁs 500
dﬁ“F"e%??éE‘%rfe{F EhPn5Ge T e puple: the AUNBHEL PSR gan
ratibent o0&t HERIIBSkY &biapg dévie BUIPIRbAG ddvalRSRANPLREr 500
200 to deliver _the stora%e devi ce transporters 550

caldrbyiongah &0t ot AgerraRiA e eeumer 2P o e geLiaie 7pdepd

sk@fes th3 datehed stsﬁagé Q5viBe¥80 & £ BaGid Rl Adide &gSlot 910, ftke
storage devi ce 500 housed by the received storage

demeid tipiRepe 08 Fensses %ﬁarag%éew@éltanmoaﬁr BPcarrying 3tsHe
WM dEGice SR duMER yflg tﬁeh@gt 1% 1@9&1‘81%‘(&&%% E}é%%lgetd%ée

550 to the test sl'ots 310 includes inserting t
drapipatier 30 ¢hiexing thansieed deregadyice 2P0 ithige teﬁtasl@ﬁé@ fge

Q&ﬁh% eﬁlesdg%n{a@eraf‘;gyc rt&%b tl’?‘én%ﬁve:f’él&e 'ters]teh Qt%rag@%&ngé%o toa

establ ishing an el ectric connection between
sitomaige ldeNibeescloB@ regegtatlh €20 atkde80Rionftbree tasdeitotg 60G

q9 otl?tr %ga le ttl{l: au?‘o%%%e%qgn %}[tengog ?19 Qe’tnetvhg A" thjgggo tO{) more

I ncludes a e au ranspor
meteste@sﬁeragdndaevmes) ﬁ(mg end@vdackearthr Z9s pIY drensndnipdlacas coupleg

st ed. st or deyice .500.fromth
B h T I ST A RS N ey St
aespeasityt reat dl@n3 100foatcktang, Tﬁaﬁhomﬂbﬁudﬁﬁ@hﬂaOOﬂﬂi&ﬁﬂmage
devi ce tote 600 on the tr nsfg; Etat on 400, 1 ?HF
i%ﬁBF@i@ﬁF‘&FY%W& teyqestqragede M & GIBFGSI?F&P‘ée slots 310°(e.g.
B $ACIgAeedd F@sIvirs tﬂélﬁreﬁpb&lx@rs@orgg@mfevlgwrﬁﬁp@rﬁermamth the
storagg devices 500 interpally fronone test slot 310

BN 0TEPOR @k derghotsed dandeeries dhde s pgiiauecaton,
6@ as SOt epidBes 306 0PE RV $loBO&dtifa@on Hofae &M thicO6®. af

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

they may be placed in different destination storage device totes 600, such a “passed”
storage device tote 600 and a “failed” storage device tote 600.

[0069] The manipulator 700 allows the automated transporter 200 to move
multiple storage devices 500 and/or storage device transporters 550 within the storage

device testing system 100 to accomplish more tasks than previously achievable by a
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[0067] In sone exanples, the nethod includes actuating
the automated transporter 200 to deposit the storage

W@l2009a2936¢ ansporter 550 in the test slot 310 aP@€EDS2009/040757

depositing the tested storage device 500 at a
destination |location (e.g. in a storage device
receptacle 620 of a destination storage device tote
GO puladr cE&B%Q)tfloﬂlg haA@inBBhOQGBY AR 1SDE ¥ dAG sBRlchiBice
storage device 500 for testln& (e.g. fromthe storage
depipeder Bl ept ter-eThzocrstscafllegbitiveliows fagath aiapnies of bee
G0 ratel AARBbrtd D06 By iR iRBNAh@NS, the automat ed
transporter 200 includes a mani pul ator 700 conflgured
1@ Randl e RefPringrellst &9.dyeoraeiniptearnBionsan genyeytladtige
r.ter T -
SRS i RRPRREE B0 g Glorlifie doPlo SR TRIoRe abiit, e
estse Sthe dorstyord @0 ey bececdOOydr hela as tgpagied dwumblg that moves
tran rter..500 hel d .one.arm 720, 7 [ .
SRS SRS 0B Ery X SR A S s 0
demne vet oftphesentad @sly scim sthoreajemel@pulater BORah cetideve @sfitigd ot
310. At .th e slot 3 t he  aut ted transporter
Sboies dhetBeoh ThePagtron b e HARR Y s ERPhg
deddaptsy st agenatke\ir opera0B b bd, tigw pleyentsruntioerdnests Sbrode

310, ore inserting. the storage devi t ranspor
S0P i fgh e tmbeat i SHigs SEnahi dBe oBrhie They
tr@86veThOdtorddddeh REs $0BSVianligh mAdisul At QURERT 28 Y s BRIchb@feyor
200 then delivers the tested storage_ device 500 to a

déde #ideiBrhe Yemes drvices othiodls nyeLe Al ap? pirtign of
defleicORplcAdh SR @%erfleVishife tRLEMERmPIR, @R atahBlilator 700
exanpl e, the automated transporter 200 can retrieve
andudeap Higear pisayor e atm couley 73y siralgetoded) sk B ddc. 12,
Q&%e@i@viﬁ%&ﬁh R Rhip €3 c AhivQSOTBRY B L R v RO R Bbrters
725 of the manipulator 700, and then deliver the two
$A0 eynydut e vpagedadst sektonod fiow thempeetr V0% est sl ot s
%ﬂ&ﬂj or 1 eghffer of I BHLRIRLEMVE HARSROL e, NARHARs, it
then be actuated toretrieve tw testeé Storage

dell be esdeBO® dfthay rrrtidve mod s sipms tiay de slade witBad d¢rartgg fom

SRSRELIA S04 LORPULIR DL NP LfR, Al B it

died scvier ofttlieefoll@gihg dlasgisor age devi ces 500 to a
destination | ocation, such as two receptacles 620 of
one or nore destination storage device totes 600. |f
one tested storage device 500 passed the storage
device testing and the other failed, they may be
placed in different destination storage device totes
600, such a "passed" storage device tote 600 and a
"failed" storage device tote 600. [0069] The
mani pul ator 700 all ows the autonmated transporter 200
to nove nultiple storage devices 500 and/ or storage
devi ce transporters 550 within the storage
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device testing system 100 to acconplish nore tasks
t han previously achi evabl e by amani pul at or capabl e of

woioy/1tsnel i ng one storage device 500 and/ or SPCF/H§®09/040757

device transporter 550 at a tine. The increased
flexibility allows for path planning of the autonmated
transporter 200 to optim ze its novenents. [0070]
Refigr1$ 0gA@ebli& 19, in some inplenentations, a
conveyor 1900 is enployed instead of a tote 600 to
tlr ans porthak S rapdergag steage dotreheY08t withigg siormge deyicauiettivg
gﬁﬁ&ﬁ(uﬁygkggamgmg%m%%gg may be a conveyer belt, an
aut omat ed assenbly that noves storage devices 500 or
an opegteatiog an pyip@pted frangportds §200 torsabgiangiak @ma@@e@l@w ces
I ! ere the
ST IR OBt (R LEPT R A AT eI S0E devi ces
500. mhenmgﬂm@v@mmkg0®nﬂawmdpgbt@ﬂd%@d@ﬂhmymﬂmeudﬁ
%Efwe?gleef%treln eglsgogaﬁs—:)égwgees %@EO Te gergtgveg[esa 818% ?lt()s) gafglg§t%9a’ge
tdovite tamrighngstm oriayendde \s{mtrsannzﬂlsrtsumlgtasmbnmﬁﬁ @achEieage

ni t.or V. e storage devices 500
?@ngﬁh lﬁgﬁFﬁﬁpggﬁFt?gﬁ%ﬁét © 725) fromthe conveyor
1900 and return the storage devices 500 to the

onve 0 | omM.ng a portion of or the conpletion
! neRGPEoap et e BUTRGE A EEe exanpl o5, ¢ he

manl prdtadtak theQRtdnRedduaaspoaed 20®Bab s%tﬁﬂt)lallg’fsmﬁlﬂﬂahébﬂblﬁt or

couplers 725, simlar to that shown in FIG 12, for

refieyedUR e smep Aadsedgnmortess 5 ¥)di sc drives 500 and/ or

StOrag&uﬂﬁ%Hﬁﬁm&hﬁﬂ%ﬁﬁhﬁ%h&wé&gt&@ﬂﬁﬁh %Hﬁﬂéﬁ&hﬁge
devi ces 500 to and fromthe conveyor 1905 [0071] A

Agfperthoftopapieieentoa) rersnted fos t%@%bsd@wmgt?é@ of the storage
NeViEL( B&)) 83 res'pEctl\% kiorde€ d%@fa%gﬁ%?tgrst(g?)? aarious

nodi fications may be made w t hout dep fromthe
spi ri ecteptids SeapnstedtthaspartecPOd e élbsmt@élwmgﬂayeouﬁiv her

h
RS T e 2P A el 40 ot Efn e of e B ks
iﬁ%@ﬂg@wdewmﬁest$6ﬂ@®CMpIh|n a storage device testing
system (100), the method conprising: actuating an

automated transporter (200) to substantially
Si mul Thamothsd yf dl@trd, Gurthenadniprising 11rsbmngg®hde)vdgee13v1¢e500)

prese nd a tuatln the
et e I I N S VT e e
d:ﬁgdgugrthd herigdatdrag@\vdedics {500 pizh 8l eypaeese o{oﬁﬂ&}ortoﬁ_the storage
OB 5t 1) Sl P St g P2 i
%ldgwetoaﬂ@@uésbycuw&@trsuotﬁ@qtm.stor age device (500) in

their respective test slot (310). 2. The nethod of
claim1, further conprising:

4. A method of transferring storage devices (500) within a storage device testing
system (100), the method comprising:

actuating an automated transporter (200) to substantially simultaneously
retrieve storage devices (500) from respective test slots (310) of the storage device

testing system (100); and
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w@lewpaz3se ansporters (550);

actuating the automated transporter (200) to
substantially simnmultaneously retrieve nultiple storage

transporter (200) to substantially sinmultaneously
retrieve the storage devices (500) presented for
testing by carrying each of the storage devices (500)

with a_&mg fHeV@torlaRiiaa8s A 060)l6 8RBONE BfiSevedABage and
actuatln% he autonmated transporter (200) t

0
Slarsesamil) 4 3 satiand0q. 4psad Fybsgatially simyligacaytly relgpse cach
dRYdcE Qe titAREMK HRsBiibrlBd, sopfich carrying one of the
storage devices (500), to the respective test slots (3
10). 3. The nethod of claim2, further conprising
isnser t .or j .t r.ansporter (550)
gUbstgg??ﬁ@?@B%?%ﬁ??%ﬁ@%ﬁéﬁgg?%%o its respective test
sl ot 6QUBing thergtgiatey ttahspodtar 2P®do sitbstastipdly demilereoiF90)

wi.t-h r ive connectar he storage device
trgé?Yeﬁﬁulgég ? té%%gf %Véseﬁragtgpeo %Frr?ggesr ‘ed storage device
t r ans pavdtiap she(anbbjatqdrtouspditag 2¢0)0s substandally Ranultancously

respective test.sl 3 10). 4. A nethaod .
RGeS Tisa 0 hdn el pirge IS ClO v iaspmree
dievicceardsp@ter g5 ®\s tam thd QOhge ddvicesreObpd conpri si ng:
actuating an automated transporter (200) to
substantially simultaneously retrieve storage devices

(6500) Thé MBILESPAG o MR prRsdinS g, Wk tRfautditutcaitiRnddaer
devi ce testing system 1%8%; andact yating the .
4200 Hase HANPPHFSHBRIER 7202 G 1 Hepssi and epUPIhE stosree ideNies

SafdpRH&s @Im?,%st_ra&lwr)er SRpRrsYYH, 790) arARRd 198 QdasBdbhe-
substantially sinmultaneously rel ease each storage
dipeneienglzoey. at the station (400, 600). 5. The nethod
of claim4 further conprising: actuating the autonated
transporter 5200) to substantially sinultaneously

rlet r i éhemathpd pitlamgt, Hrrigecodwyisine carramnsiho ratieeved (1BBEY ;

uat i t 200) t
R e BN PAE LhPHRARE Pt "t he stor age
devices (500) fromtheir respective test slots (3 10)
Si ng I Vi I he
& or ag it BEBFE LTk By e ERRPEh Rhs St B35 S0
prrecged isuigtaotiadlymarallohie pet¢ motheeamipacvd taekdas pansihorit@rally

%2%9%gu ezh}r§p€§$n;er couplers (725, 740) to engage
A ﬁﬁW {'0°%E 8Y'8Slge device transporters (550), the
transporter couplers (725, 740) arranged in at |least a
%nedl [EEQ r?llet Q(? Iof aang/ ro?ﬁfe preceding claims, wherein the automated transporter
(200) comprises a manipulator (700), the manipulator (700) comprising:

a manipulator body (710); and

multiple couplers (725, 740) disposed on the manipulator body (710) and
arranged at least a one-dimensional array, each coupler (725, 740) being configured to

releasably attach to a storage device transporter (550).
10. The method of any of the preceding claims, further comprising presenting or
releasing the storage devices (500) in a storage device tote (600) presented to the

storage device testing system (100).
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7. The method of claim®6, further conprising carrying
the retrieved storage devices (500) substantially

w@a00al1ksbo t 0 one anot her. 8. The net hod of cl aP@r/¥s2009/040757

wherein the transporter couplers (725, 740) are
arranged substantially parallel to one another and
spaced at | east one of horizontally and vertically
fromeach other. 9. The nethod of any of the preceding
clainms, wherein the automated transporter

dénpr Fh@@etaoqlra@ﬁlw Satvderenzbogutomnaied Hspester &108} refriegey)
GRTRIE §tbﬂage d&d&??o@%uﬁgt%law %u(tzrﬂe%sly aps tﬁ@’ét&rh@é d%wce

couplers (725 di sposed on the mani pul at or
(tate 000awih awrreamgemgatorageailgwcetrweor@ﬂrféﬁ@ubarpamtlermeshe

S
SE ARl Syl TSRO AR L Lo oaly
st stayeigeatfeviaen/(S0F) catteofpr gormgé dfg/lqe;lsappwst (622 1of thestorage device
hsi.n ng.o t Fols} devi ces
B0 RSB BT el P87 0 BUPERHEMSE
g5 agey flevitlestdrestdenige yestoedn ( 100) . 11. The net hod of
claim9, wherein the automated transporter (200)

retrieves nmultiple storage devices (500) substantially
semul haneaidskyict teaingtshacrs { oagendBitgce tote (600) with

corre%gondin stong& 6gSV|ce transporters (550) by
posi t f ﬂﬁﬂﬁm $zansPIFEFY0%evi ce transporters (550)
bel owat1B&t snclr@&AB00)iavendet @b@ thed@NRET thabQPRter (ROG)tEbNG

t he storage devi ces (500) each off a storage device
LE5HOMt the B oyated trinsporsy (1094e devi ce tote (600), and

car ryidipldest sloar@es h@]@s‘éh 5§ %@5&&)(3 00, daPeteStsR @0) being

devi ce transporters é fromthe storage device
tcelaflgu(%iog}ecewz a starage @Va@%e@%\f?rcteﬂtmest ing system (100)
conpr i §h%r sBHoR00 R 88k d HARSROLY e a(l%%)ﬁi tRhspoR&S200),

one rack (300) arranged about the” autonated

tthetranpior stetron (2@ prepenting swdipde %@rageﬁl&w@m (GARX ferttesting; anccjl
by eatap il pERh) adiEhed BHE hfFhucRAh Dbt (th deuse
comniputptar 0 oomlef];tsmgveulapls tamdgye(788\i40 ar(d @) infapleast a one-
R DA fbed AT RTE, R0 S Sy R RO B g RS

sbate@ﬁox400) presenting nultiple storage devices

(500) for testing; and a mani pul ator (700) attached to
the automated transporter (200), the mani pul ator (700)
qenpr J§:1 s‘tgragmdletviop |t@tiﬁ:g)&ypieﬁf(30(()& Blainy 41) whatcirbdagie coupler at

S one
(’?235 17403 is con 1gure to releasably attach to a storage device transporter (550).

14.  The storage device testing system (100) of any of claim 12 or claim 13,
wherein the transfer station (400) comprises a transfer station housing (410)
configured to receive and support multiple storage device totes (600) in a presentation
position for servicing by the automated transporter (200), wherein each storage device
tote (600) comprises a tote body (610) defining multiple storage device receptacles
(620) configured to each house a storage device (500).
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array, each coupler (725, 740) being configured to
transport a storage device (500). 13. The storage

waelewpazssest i ng system (100) of claim 12, wherBCTIUS2091040757

coupler (725, 740) is configured to releasably attach

to a storage device transporter (550). 14. The storage
device testing system (100) of any of claim 12 or

akai mMriSsioMBeI&IdR dshfs HE RSN 1) oFhRt dRMikhd PR) 4 GARRY §ES
a transfer station housing (410) configured to receive
amainslpsp 67Q0) RRMRTisete st orage device totes (600) in a

preseghghbgﬁﬁpg§hyﬁgﬂ {fr servicing by the automated
transporter (200), wherein each storage device tote

(600) H@bmﬂﬁrqoselgrSéHSoﬂ@) l9esdgsed 61 0 nepminiutrterdpodyi( 4l P pand
3 é&%&‘ﬁ@m%%b&oeﬁhefrggw afl % 68)( %@g&or@ﬂgﬁaﬁ%%&ét L 1\&‘}%212

use a storage storage de
taésmng glesy?gummt@](@@)) tmubaingﬂadifv swhdem®ud sddice winkipli test

t i pul [

DT T R e CRTR S s ORBIAE Gl Y
tstnlﬁtamﬁailymimaltaneommrv@czlﬁmtqﬂa thtspaegddel ico mcepstecla;r(éit(he r
in an arrangenent that corresponds to a test slot

| ayout, allow ng the manipulator (700) to

q6bst aht stadagydsicadstiangotes] (VOB vialhe 1 Siwhcici @ch egipler

S ot /or. a tote receptacl e |ayput, .
Srfonities ratsiEbt bR by o n St e frgraee devices
$500) kS BAGEIS| MraSElrty becaridtet. i pl e tote storage device
recept acl es 8%20) 16. The storage device testing
system (100) of claim15, wherein each coupler (725,

740) iThe @bMANAL TSR fe Id) B akRdi cBlimt P2-9H &V IRAN MeT
for hol%lnaggtorgge %%%?ngjg OO))gtbsﬁgntlally

prangen séttiop (H0gheoniisestferonveypr (IPAY- st or age devi ce

testing system (100) of any of clains 12-16, wherein

the transfer station (400) conprises a conveyor

(12900%. m@a)ulaﬁorrfa(?ﬂ) il acstasege(dPoiog teptng sastem oWy ahaagipwator
en1(100) t he mani pul at or (700)

cgﬁg a mani pul ator body (710); and nultiple

couplensn@ﬁmﬁﬂbﬂhﬂyﬂﬁlgpbsed on t he mani pul at or body

(710) (308, oRa68d (LoMANR AIRNAL AR GTLASTENY

that correspo evice 'servic
apdcotvrog onh endm lirpasn aatangenﬁeif)fh)lt doﬂemobdstta atstoadge Wlevice

SRR B b S BRGS0
whetce nultiphestsh gy dgRcd@0d e osel Vi Ci ng

19. The manipulator (700) of claim 18, wherein the storage device servicing
layout comprises a test slot layout of the storage device testing system (100), allowing
the manipulator (700) to substantially simultaneously service multiple test slots (310),
and/or a tote receptacle layout, allowing the manipulator (700) to substantially
simultaneously service multiple tote storage device receptacles (620) of a tote (600)

that carries storage devices (500).
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| ayout conprises a test slot |ayout of the storage
device testing system (100), allow ng the mani pul at or

W@ 79294366 subst anti al |y simul taneously servi ceP@TIUS10pd/@40757

test slots (3 10), and/or a tote receptacle |ayout,
all ow ng the mani pulator (700) to substantially
simul taneously service nultiple tote storage device
PBCEePTACIES &1@@9@70@‘ ofR1aiR16, (IRAGN thfe%&ag@ @wl&ees%rvs&ﬁ)% age
devi ces (508 he nanlgulator 00) claiml
WHEHEGOMPEIRRS a@%&%@e deplee728r A0 Lat Isst spe of eofiprensens]
%ﬁ&@ggbg@mﬁﬂgm&@ygﬂﬁﬁés@z&% 740) at |east a one or
t wo- di mensi onal array according to coupl er spaci ngs
(H V). 21. The manipulator (700) of claim19 or claim
: | S efV :
Cormpr i Eo e phiGr 706/ Rl 3L B EPI0 HBLA PUGHE device
subi@t’rgri@)ioat ¢omppaesairianging the oneplanG2hert)) aibktantiaty perakiel to
t 700 evi 00)
IF Lf'he aﬂ {1/1 glée)r rg%rﬁ%qlat@rﬁ&@ é8 g%nos r?gcgrage JoEES (i)é)
substantlally parallel to one another.
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