Transferring Storage Devices Within Storage Device Testing Systems CROSS REFERENCE TO
RELATED APPLICATIONS [0001]This U.S. patent application is a continuation-in-part of and claims
priority und@¥8300282036$20 from, U.S. Patent Application 12/104,536, filedP§TARMNONAITAI08. The
disclosures of this prior application is considered part of the disclosure of this application and is
incorporated herein by reference in its entirety. TECHNICAL FIELD [0002]This disclosure relates to
transferring storage devices within storage device testing systems. 10BACKGROUND [0003]Disk drive
manufacturers tybiéaisjaast gndfunga ey igrk Wiithis fiosagedigviecwligstingohastRinof requirements.
Test equipment and techniques exist for testing large numbers of disk drives serially or in parallel.
Manufacturers tend to test laR@ISURHFER N disK@ EsASIFIuARRE00aIONSatches. Disk drive testing

15systems typi includegne o more racks having multjiple test slots that receive disk drives for
tostng. 0004 T Hhating e H e B e R atet
Minimum tempeiiatiiverfdgitdatich<in tRe tstidg riatanmeplicstoenddaiosaddadate test conditions

and for safety afsheidiskelives. ThadalRsiaaneialinas kR0 isk stivesdyhiebiave higher

capacities, faster rotational speeds and smaller head clearance, are more_sensitive to vibration.
Excess vibratidheeirshinanrliratnmyet ielcrumeied Aare s srr Lt H1ES Ronnections.

Under test conditions, the drives themselves can propagate vibrations through supporting structures or
fixtures to adjacent units. This vibration "crpgsiliking: Hagather with external sources of 25vibration,

contributes to bumEJ errors, head slap and non-re{)etitive‘run-out (NRRO), . .
[0002] This disclosure relates to transferring storage devices within storage

device testing systems.

10 BACKGROUND
[0003] Disk drive manufacturers typically test manufactured disk drives for
compliance with a collection of requirements. Test equipment and techniques exist
for testing large numbers of disk drives serially or in parallel. Manufacturers tend to
test large numbers of disk drives simultaneously in batches. Disk drive testing

15 systems typically include one or more racks having multiple test slots that receive
disk drives for testing.
[0004] 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

20 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

25 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

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



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 loc4O¥6%/138&hg into the testing system for testing. A robotic arnPeTBE288&4Ae; 53/ stem
individually retrieves 30the disk drives from the transfer location and loads them in test slots for
testing. SUMMARY [0006]One aspect of the disclosure provides a method of transferring storage
devices within a storage device testing system that includes actuating an automated transporter (e.g.
robotic arm, gantry system, or multi-axis Iineaﬁ%@?ﬁo 5 substantially simultaneously retrieve

multiple storag@a@mjices prexenigedostastidigslandeastvading eladomaindoranspomes to substantially
simultaneouslyddeliver t he retrieved dﬂ;toraqe tdevicets totfke{sperﬁtéve tetst lots of the s{gJage device
testing system and to sUbStantially simuitaneotsty insert each storage device In-their respective test
slot 10[0007]Anethesrts et whthe disclgsre pyrdvides autiethodiofdarassiderng storage devices within

2 storage deviggiesiing hahinchilss peliatnganipi analed daRspALer 49 Runtapgaly

simultaneously retrieve storage devicés from respective test slots of the stora%e device testing system

and actuating tH AcHEHHREERF FRNEHGHLFAS IR HeYabtialagiiiaprewdi iy tbthestation and

substantially sifasitaneauslyclbialeassrapcbistoraga deviaaithesriar {0eR8lmpiementations the
disclosure may ir&clud one.of more of the followin f%atures. In some 'Enplementati?n§, the method
| % m their jes ¢

. fm tq Substantially s ultaneou§ é’ sert act storaoe eV1cIef‘ e{:tlve S .
includes actua INg the automated transporter 1o substan Ia?f%/ simultaneously retrieve multlple storage

device transpostets and actuating the automated transporter to substantially simultaneously 20retrieve

the storage deyippsusing the, siprags device ARIRMIEIH LA IR §ioFagR ASiges. In some

examples, actuating the automated transporter to substantially simultaneously retrieve multiple storage
device transpotteiRgetavistityithid astoestdereaiysadiidsiemien iR BYESly retrieve the

storage deviceg4prpsaptessiysiasting ynaanndng 9achiofdhe sieragacdemsasuplriespective storage
device 25transport s, %nﬁl actuating the automated transporter to substantia I¥ simultaneously deliver
S5 e

the storage device nospo?t%t%?%:a VlggrtFﬁlthnf SHEBY A sct%l?gél %1‘8\%188333%8 hr'émrié)é)ﬁtg%tive test slots.
In some exampbeklivee tnetttodvalbgirge desdeserting teacindtonaga tdlyicertuitasportier substantially

simuItarygouslné%étgagﬁ%qﬁgggget@lgg sloh.engaging the carried storage device with a respective
connector of the storage device
[0008] Implementations the disclosure may include one or more of the

following features. In some implementations, the method includes actuating the
automated transporter to substantially simultancously retrieve multiple storage device
transporters and actuating the automated transporter to substantially simultaneously

20 retrieve the storage devices using the storage device transporters to carry the storage
devices. In some examples, actuating the automated transporter to substantially
simultaneously retrieve multiple storage device transporters, actuating the automated
transporter to substantially simultaneously retrieve the storage devices presented for
testing by carrying each of the storage devices with respective storage device

25 transporters, and actuating the automated transporter to substantially simultaneously
deliver the storage device transporters, 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

30 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



30testing 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 WAE0(HX&HE device transporters. The transporter couplers arRAHESAHWEPH8ZSE a
one-dimensional array. The method may include carrying the retrieved storage devices substantially
parallel to one another. In such cases, the transporter couplers may be arranged substantially parallel

to one another and spaced horizontally and/or verticaélly from each other (e.g., in a one or mufti-
sdimensional Y8R TRGHEFERANSRSE2 (s dapeinal e Brahfesshad Apanaeiangles with one
another. [0010fairsapehim@laeniaiignsddtiecsstaiagmaauiGas.dse tpraseiithca. Siorage device tote
presented to the stor device testing system. The aytomated transparter retrieves multiple storage
Hevices subst el S PR A N e A UL LA 3 PR SESRETG storage cevice
transporters bypbsitionihgrinenstidyagd/ dexdvectthnsporeees bdlovicthein respeetivelstorage devices,

lifting the,storage deviges.2ach off afiPiags deviar YRR gt thesleraas deyicaitete, and carrying

the storage devices in the storage device transporters away from the storage device tote. [0011]The
automated traﬁé‘&ﬁ%@fl%%ﬁiﬁ’éﬁaﬂ‘é-a manipulator configured to 15transport multiple storage devices.

For example, ippthecase ofia sehetis@smataiaauomaied &ansparkesrdatmanipspior is secured to

a distal end of 3hei roltz)oct)t arm. 'It'h .M nisﬁ)urlgtoainglugesina matnilguti’;\ﬁor btod ataE]ctJIrarlnulti I? couplers
disposed on the‘l’Vnﬁ"f’n|pl‘3|re)1te(t)sre 5 yoan% aorra%?gél’ S ess{ar%lséldiyepara e Grie andthBY and/or in at least
a one-dimensiostakeaesagulEplehytongpldeviscontgantdltp siele Hsadiys bitaen theatstagage 20device

wansporie. In JAE EXRAILSBRARIRUIRIGL e fiskand seran aADARARIaY couplers

disposed on a manipulator bodgﬁand arranged in a substantially V-shaped configuration with respect to
each other. TheCKSGBREPIFEEE SSHRIUIFRGITtE YRteReatiR g sleMiessal Kty Hetrge de4issporter.

each off a storage device support of the storage device tote, and carrying the storage
devices in the storage device transporters away from the storage device tote.
[0011] The automated transporter may include a manipulator configured to
15 transport multiple storage devices. For example, in the case of a robotic arm as the
automated transporter, the manipulator is secured to a distal end of the robot arm.
The manipulator includes a manipulator body and multiple couplers disposed on the
manipulator body and arranged substantially parallel to one another and/or in at least
a one-dimensional array. Each coupler is configured to releasably attach to a storage
20 device transporter. In some examples, the manipulator includes first and second
connectors or couplers disposed on a manipulator body and arranged in a substantially
V-shaped configuration with respect to each other. The couplers are configured to
releasably attach to a storage device transporter.
[0012] Another aspect of the disclosure provides a method of transferring
25 storage devices within a storage device testing system includes actuating an
automated transporter having a manipulator to retrieve an untested storage device
presented for testing. The manipulator is configured to transport multiple storage
devices. The method includes actuating the automated transporter to deliver the
retrieved untested storage device to a respective test slot of the storage device testing
30 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



[0012]Another aspect of the disclosure provides a method of transferring 25storage devices within a
storage device testing system includes actuating an automated transporter having a manipulator to
retrieve an YeexteH1388page device presented for testing. The manipulator RCABBSHIPEH G Transport
multiple storage devices. The method includes actuating the automated transporter to deliver the
retrieved untested storage device to a respective test slot of the storage device testing 30system and

insert the untested storage device in its respective test slot for testing. [0013] Implementations of this
aspect of the diSBiGEENYy IRt s B BHIASTE I IctReCt S Gih §thsatdPedhth some implementations,

the manipulatoimipRiudes st andcsespnhroupieEsdishasatonRMRNpWRIOshedhand arranged in a
substantially V-shagaefd con&géjr%gna%gh resgretc\%o Egc(ipor?a er. | otlg1 rim ementlatslons, the couplers

spa O, O on xis.nIn additional example
are arranged substantially’pafaiel 1o each other and spaced from one another along one or two

directional axishirfissdditibsegbesganuples, atvalfirsiseh ety chioplens anethiispdbed 180 degrees from
one another. The HEAURIELS AR AT JUEECL IR raleasaPl Ala Qi Storgasdevice transporter.

[0014]In some examples, the method includes actuating the automated transporter to retrieve a
storage deviceli&idporter, HcteraasgRB Sutbriatdte triasipisrartstiasibavnetifested storage device

presented for testi@ey earepivgethervratesiedstataga day ey the sivnagedemegottansporter, and
actuating the automated 10tr?n§eporter to deliver the % rfaog?edevi%e trans%){r#%r to the respective test

to retrieve the untes storage device Dres 11, carryl untesie
slot. The storage ‘(3]1eV|Ce ransporter Is mser e(f %teoet etests OPSg, @ﬁga in e carrlegl untested

storage deviceswitigadespevsithahsouplegecicthe: storsetcievicetastimg HestetvmTthe inserted storage
device tr3nSpofiEr PIAUEIGIOSHIR Qfoi&'zli%é‘e&e@?&tit\‘ﬁlgﬁ%é}%- ARALHLRRAME Mplempentations, the

untested storage device is present in a 15storage device tote presented to the storage device testing

system. The adtoiREstderiraispontaierdirnpvresdreehe oy dletorigaio fbe HHiRAHEITShge device tote

with the correspending:siey a9 desipa tfansReIte b positioping thastaragr@gviqadransporter below
the untested storalqe device, é/ifting the untested s orage devitc.e off a stora?e evice support of the

storage device'tOtES %ﬁ@r&lﬁ?r ‘f’ﬁ’bc ﬁ%ﬁﬁ?&ﬁw%‘{bﬁggceoﬁg\%el} SHALSS gltgseottjevice transporter away

from the storag@0déVice totdn some implementations, the untested storage device is present in a

15 storage device tote presented to the storage device testing system. The automated
transporter retrieves the untested storage device from the storage device tote with the
corresponding storage device transporter by positioning the storage device transporter
below the untested storage device, lifting the untested storage device off a storage
device support of the storage device tote, and carrying the untested storage device in

20 the storage device transporter away from the storage device tote.
[0016] In some implementations, the method includes actuating the automated
transporter and the manipulator to retrieve a tested storage device from its respective
test slot and carrying the tested storage device to a destination location, such as a
destination storage device tote. The method may include actuating the automated

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

30 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



[0016]In some implementations, the method includes actuating the automated transporter and the
manipulator to retrieve a tested storage device from its respective test slot and canying the tested
storage devi¥@ f8®/i¥3khation location, such as a destination storage devi®@& 10241904 Ethod may
include actuating the automated 25transporter to retrieve the tested storage device from its respective
test slot by actuating the manipulator to engage a respective storage device transporter of the tested
storage device and carrying the tested storage device with its respective storage device transporter to
the destination’lSt&kits Sterrer eI FEREIRNAGHe JOQBERE IR L HEMmEREcH M EBBIEF !0 deliver the
storage devicemalfigelshydis RSRRCIITASHRfAYE BORAvicR trangpoaitarattdeepipolecoina destination
storage device {gie | %W%%%tﬁg‘%{é% aSReLL ftah%cdo'%&'t%ﬁ%ﬁ%t,%c%%[[ﬂloqh%fér%%‘i%ﬁ'“9 storage
devices within a’storage device esﬂng s§stem inCludes actuating ‘an auto ated' ransporter having a
manipulator to tretsputcatfinstrstoragecdadigeragudadeinfwfirdtetestomlot v thiendtde ageydesice testing
system. The mapigHiaiRrds-cRafiauiag JedransRRribiinle SIRURARYiRes: fagigethod includes

actuating the automated transporter to deliver the retrieved first storagce device to a second test slot,
actuating the atitésatlyisuinéphirsptonfeigie Vot dde satens: dige et e dresn dheSecond test slot while

carrying 5the firgd iprage dewjstemainatatuating ibgcaiomatedivanspafiendnddsad she first storage

device into the secor}dhteftlﬁlot wi}jle carryf'n the.seqond {';tora e devi%e. 0018]Implementations of
. Hlora.o } ¢ tollowin .ea}u{fs. n some 1mP en];etthatlf)q? the method includes
this aspect of the disclosure may includé one or more of the Tollowmng features. i some

implementationsfuiegtbtrratbinaleiiesngotctatitglthe atho meaiedetr sevspd teragedieiv@rtthe retrieved
second storage,deyice.tpdtheg first test slot, and actuating the automated transporter to insert the
second storage device into the first test slot. The manipulator includes a manipulator body and first

and second cotfS¥eraailpsukmaisdreRamIpLUIABIHIES STaatEaet daiecdrtantelrdubstantially

parallel to one gralber Pidmangsbsiantiaivd -shappieenbiguyaligmiwithiespesd tpaeh other 15and
are each configured tfi) rel asabI%é qttac% t& a ﬁora e device transg)ort%r. Thﬁ maniﬁulator transports
g ety Rafredtls

the first and seco SPatgg GAVIREE «aspél’nC | lerrélaer sazgllbalnyg qt?ﬂ: & té%(%}’dj&re d%vtﬁe transporters.

In examples whegerthbstorage sibvioesldy e/ edhepedamidumnacoomdspepding stohagkcdevice
transporer, iINSEHINg 66N SIARNS ISHEEINR NGNS ISILS RIS HMAGSAseTiRg the
corresponding storage
manipulator transports the first and second storage devices in corresponding
releasably attached storage device transporters. In examples where the storage
devices are each carried in a corresponding storage device transporter, inserting each
storage device into one of the test slots includes inserting the corresponding storage
20 device transporter into the respective test slot, engaging the carried storage device
with a respective coupler of the storage device testing system, the inserted storage
device transporter providing closure of its respective test slot.
[0019] Another aspect of the disclosure provides a storage device testing
system that includes an automated transporter, at least one rack about the automated
25 transporter for access by the automated transporter, and multiple test slots housed by
cach rack. Each test slot is configured to receive a storage device for testing. A
transfer station, arranged for access by the automated transporter, presents multiple

storage devices for testing. A manipulator attached to the automated transporter

includes multiple couplers arranged in at least a one-dimensional array and may be

30 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



20 device transporter into the respective test slot, engaging the carried storage device with a
respective coupler of the storage device testing system, the inserted storage device transporter
providing cl¥EQAY 1893&spective test slot. [0019]Another aspect of the dis®E6IWE2PIBVIESTa storage
device testing system that includes an automated transporter, at least one rack about the automated
25transporter for access by the automated transporter, and multiple test slots housed by each rack.

Each test slot is configured to receive a storage device for testing. A transfer station, arranged for
access by the SSRGS ASPRERISPAES s ARSI BTSSP HEVICRS fBREHET A manipulator
attached to themligmateddianspobalyasluaasipriiinlgcovpleis @oiamngethiipatd@ashay.
one-dimensionj?{]arra ap%rma be(:b Og&lb&t@}&}ti I‘I:¥ Baarallerlartlo %%tatﬂottherrr. Eacr(] Cto%qle{ is configured
to transport a s o?é"g?e é%@icg.s%ﬁﬁ ?fronploerﬁen?a fons of this %%p%ct ot the ai8efosure rﬁ’say include one
or more of the fbiideying. fdatwies thmeampwigiotacouls vohdiguseiitredesiyaisty iettawhtitde multiple
storage device frapsporters. In some implementations, the manipulator includes a manipulator body
and multiple cou&lers disposed on the manipulator body. The coug)lers are spaced from one another in

an arrangemen?¥Rat correspoitiRetranals sideidpiier ahdriigddemtipsiststsubstantially

simultaneouslyhsgsvigesmiiple bleskslotnd ptimaome examplesitbesteanster station includes a

wransfer station housing, configurad (o receive and support mulipic storags deyice fotes in &
presentation p8$|ﬁ%n 157 rwcmgoir)y & BGtomated ranspor SrPRLEh § orage gavice tote includes a

tote body definiotg mmiitdsieasote gdydisvivmgevdpric s egndigire tetepthOleach fipuséta storage device.
The manipulates Mgy ncluds gmanipvlaier Bedyand- mulipa.cRuPers AiRRGssseR,the manipulator

body. The couplers are spaced from one another in an arrangement that corresponds to a tote
receptacle laydUt!tHIe&eHBIEelFRARIIAIGE B aimdeeitRAly sikhGIEaHRIS isHE sergRET M Itiple tote storage

device receptagiRenb@ehisaHpieinRay-ReMT angag sub stanibalcfaralrl it Qreappother for 15 holding

storage device%sub%tanlti?llyt arallel to. one ar?other. Jn some ex les, the transfer station includes a

conveyor for cAIRABEA AL SPHREUH RS TS WO e cti56 iR testing system.
[0022]Another mspaetiod. tiie disolpdermpr dvidesmgecharbipanadly fperallstorage atlee fasting system that
inCIUdesﬁg maﬁi@l‘dﬁﬂé"{t&’ggy &QQ@Q %@@%ﬁ&%&ﬁl%ﬁs@c&ﬁ%nother. In some examples, the
transfer station includes a conveyor for continuous transporting of storage devices to
and from the storage device testing system.
[0022] Another aspect of the disclosure provides a manipulator for a storage
device testing system that includes a manipulator body and multiple couplers disposed
20 on the manipulator body. The couplers are spaced from one another in an
arrangement that corresponds to a storage device servicing layout, allowing the
manipulator to substantially simultaneously service multiple storage device at once.
[0023] In some implementations, the storage device servicing layout is a test
slot layout of the storage device testing system, allowing the manipulator to
25 substantially simultaneously service multiple test slots. The storage device servicing
layout may also be a tote receptacle layout, allowing the manipulator to substantially
simultaneously service multiple tote storage device 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-
30 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



200n the manipulator body. The couplers are spaced from one another in an arrangement that
corresponds to a storage device servicing layout, allowing the manipulator to substantially
simultaneo K 2¥8/E836sultiple storage device at once. [0023]In some implBAEHEEAGHEKEE storage
device servicing layout is a test slot layout of the storage device testing system, allowing the
manipulator to 25 substantially simultaneously service multiple test slots. The storage device servicing
layout may also be a tote receptacle layout, allowing the manipulator to substantially simultaneously
service multipl&@tatioraye ddned sedepaciseost na R diiHadan5eadgovalie Wattes. In some
implementations othvsteiageaevieacabipicingslayout entails arranging the couplers substantially
parallel to one ﬂ%her and/ ﬁiraa%t.llea t a one- 30.dimensional array accqrding to a{:oupler spacing,
allowing the m@nlpﬁllator tol%J iNSport Storage devices qc} {6 0n&" &Nt

ementations, of the gq .
ransport storage device SIﬂI)sI%anﬁafly para &1't6 oné another and/or in an
array configurdiioh. i He stovagedendcbavangdeing hydetomptioe bidivar@igirfgathecouplers in at least a
two-dimensiongh agray, aeceralk Lo IRheRdRRGRMS SOHPIRE SRARIAYA{BrdwiRglizantaland vertical
spacings). [0024]The details of one or more implementations of the disclosure are set forth in the
accompanyingtﬂ?é\]ﬁ}iﬁ&s and the description below. Other features, 50bjects, and advantages will be
apparent from the description and drawings, and from the claims. DESCRIPTION OF DRAWINGS
[0025]FIG. 1 is a perspective view of gsipiaga (5Yies §iRgRYEiem and a transfer station.
10[0026]FIG. 2 is a top view of a storage device testing system and a transfer station. [0027]FIG. 3 is
a perspective AZ50f a storBljé HEBARSTRSEHYE Sjeten aparass dngrs tetdpngpystem and a

transfer station.

10 [0026] FIG. 2 is a top view of a storage device testing system and a transfer
station.
[0027] FIG. 3 is a perspective view of a storage device testing system and a

transfer station.

[0028] FIG. 4 is a perspective view of a storage device being inserted into a
15 test slot of a storage device testing system.

[0029] FIG. 5 is a perspective view of a storage device transporter.

[0030] FIG. 6 is a perspective view of a storage device transporter carrying a

storage device.

[0031] FIG. 7 is a bottom perspective view of a storage device transporter
20 carrying a storage device.
[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.

25 [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
30 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.



[0028]FIG. 4 is a perspective view of a storage device being inserted into a 15test slot of a storage
device testing system. [0029]FIG. 5 is a perspective view of a storage device transporter. [0030]FIG. 6
is a perspecNi2M8{1288¢ storage device transporter carrying a storage deRéel/[380YRHTST is a
bottom perspective view of a storage device transporter 20carrying a storage device. [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. 25[0034]FIG. 10 is a elevated rear
perspective vié\(Rpé&he marifti&td? eRSHPERi R ey qbbauipeatbt havipe alirisd front perspective

view of a manipiaaiendor aoipaticaipd0aBalitGoiRois.apaiispective view of a manipulator having
two manipulatgy ggouplersayrgnged substantially horzantally seacel ARt [QR7IFIC. 13 1s 2

perspective vi Of manipulator ng two manipulator
position.
5 [0040] FIG. 16 is a perspective view of a storage device tote in a presentation
position.
[0041] FIG. 17 is a perspective view of a transfer station.
[0042] FIG. 18 is a perspective view of a tote in a presentation position for

placement on a tote presentation support system of a transfer station.
10 [0043] FIG. 19 is a perspective view of a storage device testing system with a

conveyor for moving storage devices and/or transporters carrying storage devices.

[0044] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION
[0045] Bulk feeding of storage devices in a storage device testing system is
15 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
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

20 totes, minimal user intervention, and increased efficiency over current systems, inter
alia. Bulk feeding of storage devices in storage device totes provides the advantage of
shop floor flexibility (e.g. by providing the ability to easily redirect a storage device
tote or a cart or trolley carrying storage device totes versus rerouting fixed
conveyors). An operator can present a batch of drives (e.g. via the storage device

25 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

30 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

8



couplers arranged substantially vertically spaced apart. WO 2009/129366PCT/US2009/040757
[0038]FIG. 14 is a perspective view of a manipulator having multiple manipulator couplers each
spaced apaW @3B REAMother. [0039]FIG. 15 is a perspective view of a stdtafd/SRIREHGEE in a
loading position. 5[0040]FIG. 16 is a perspective view of a storage device tote in a presentation
position. [0041]FIG. 17 is a perspective view of a transfer station. [0042]FIG. 18 is a perspective view
of a tote in a presentation position for placement on a tote presentation support system of a transfer

station. 10[004%8tad? RON-driverspciive vrdif-tpls etarsily disvretdsing sys®itn with a conveyor for
moving storagele@xiars aoaelctiasnspisksCaviiag storage devices. [0044]Like reference symbols in

the various drag\%qgj indica%&ike el i {SPfTAILED. DE[SCRIPTIIlOIg Jt00456]d§ulk feeding of storage

. . . 1Irimg to 1 some implementations Ol CcVICe .
devices in a storage device tes mggsys 5a vanefaggous over manual mdividual feeding of

storage devicesWipprpvidintphndadedtirotghe putcardedficiepoyeo 2006 sorabetidevite testing
system, inter aligASYilRe disaHESE] IRAe R RSP ENING MR IR RI9H39& JpHica fotes (also referred
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
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

10 includes a manipulator 700 disposed at a distal end of the robotic arm 200 to handle
one or more storage devices 500 and/or storage device transporters 550 to carry the
storage devices 500 (see e.g. FIGS. 5-6). Multiple racks 300 are arranged around the
robotic arm 200 for servicing by the robotic arm 200. Each rack 300 houses multiple
test slots 310 configured to receive storage devices 500 for testing. The robotic arm

15 200 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 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

20 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 200 to reach not only upwardly, but also downwardly to service test slots 310.
The size of the working envelope volume 210 can be further increased by adding a
vertical actuator to the pedestal or lift 250.

25 [0048] The automated transporter 200 (e.g. robotic arm) is configured to
independently service each test slot 310 to provide a continuous flow of storage
devices 500 through the testing system 100. A continuous flow of individual storage
devices 500 through the testing system 100 allows random start and stop times for
cach storage device 500, whereas other systems that require batches of storage

30 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.



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 20totes, minimal user
interventionYdhelRer¥ased efficiency over current systems, inter alia. Bulk F&&dIifg WP &trade 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 conveyorsgg An operator can present a batch of drives (e.g. via the storaage device 25tote) to the

storage devicelt88fihg systdtifamtgrie fuEnd iy trusrtisnistios sysiem Bdneaing of storage

devices in storageevicaoieRalsm Adows BuRmatalsy ingahiesiedceives witk the storage device
totes, as will b%u%sn%g d below. 88489 Aas_rtgbraﬁe device, as lé/.sni%h%%gfaigglﬁjges disk drives, solid

. ransporter . Ctal'l’l'l as shown c I’ISPO ](‘) . .
state drives, memory devices, and any device that requires as ronous testing for 30validation. A

disk drive is gel{¥raitizpemdmtotatiizstoroly &delatdWhichastdeaindigitaitycencoged@hta on rapidly
rotating plattergayith. magnetigsiacasod S ESIR BEYe( SRR in&dalasipisgadguce that uses

solid-state memory to store persistent data. An SSD using SRAM or DRAM (instead of flash memory)
is often called ARAMUFItRLCTHNY ceFriag fankinlesgunes dryiehstAG Brsrrscddia sstxitetdectronics from

electromechanigahdevicastd@@4rdReiarron toht kadsfdrHatibsa0tedmpenep@tions, a storage device
testing system 100 includes at.least one automated transporter 200 (e.g. robotic arm, 5gantry system,
o Ut s S ST AT TR D LR RIS MR T A Bk o a loor surface
10. In the exampiesisi®wihtheteutbfivdied araospare2Rlcomprisesacrobdlic@me?00 operable to
rotate thypugh & RIEURIEIINGR GaiRuh e HSLaKtsAdn Al 1o MenAdigm the first axis

a

205. The robotic arm 200 is operable to rotate 360 about the first axis 205 and 10includes a
manipulator 700 dispesduteie S diaresiaible thensphsetamiosor ¢ Matefles upport 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). Destination totes 600 may be

15 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.
[0050] In implementations that employ storage device transporters 550 for
manipulating storage devices 500, as shown in FIG. 4, the robotic arm 200 is
configured to remove a storage device transporter 550 from one of the test slots 310

20 with the manipulator 700, then pick up a storage device 500 from one the 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 device 500 therein, to the test
slot 310 for testing of the storage device 500. After testing, the robotic arm 200
retrieves the tested storage device 500 from the test slot 310, by removing the storage

25 device transporter 550 carrying the tested storage device 500 from the test slot 310
(i.e., with the manipulator 700), carrying the tested storage device 500 in the storage
device transporter 550 to the transfer station 400, and manipulating the storage device
transporter 550 to return the tested storage device 500 to one of the totes 600 at the
transfer station 400.

30 [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

10



one or more storage devices 500 and/or storage device transporters 550 to carry the storage devices
500 (see e.g. FIGS. 5-6). Multiple racks 300 are arranged around the robotic arm 200 for servicing by
the robotic M@ ZO18236H rack 300 houses multiple test slots 310 configurdRf I e WR/e487d7age
devices 500 for testing. The robotic arm 15200 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 su_bstanti%IFE/ cylindrical working envelope
volume 210 préfdftidd ¥seorhpaElDsAst dnacrkHanRIART orfiirrmedsHh iEapery i height constraints.

In some exampless|ghe3obotic GBI elayatedhybi andiEkpEstataing pedestal or lift 250 on

the floor surface 10, The pedestal or lift 250 ipcreases the size of working enyelope volume 210 by
alowing the roBSEEA 300 1o IS RO oy LTy PER T dO s 2 BTHR et siot 310,
The size of theswvaelixignphpseio pluyoite en 10 Tan hehfurthregdnicreeseehknoddding a vertical actuator to

the pedetal ot 220, 2IADIEITRE AMIQITE ARPROISHAL0 (i SRhQUAITR) s configured to

independently service each test slot to provide a continuous flow of storage devices 500 through

the testing systéda™aI0 S%cSAtiALbBEREWIHE iRfiviause Stetixgl aldncts BamenSLgHitne testing system

100 allows rangmstastorat atoREnppdereachoiaragneaxicebad mmhewasaibatsystems that
require batchef@ of Fs{g%%a}gs% OBGg)dq;/lces 5 r% to bv?art n all at oncezﬁ@an entire .%estlgeqléot ded must all

rans N DE MQVe . TODOLIC arm ntQ.a positio d .
have the same Staft and-end timss. Tiierstsre’ i ConHRdBls W, stoPage evices 500 of different

capacities can de niithatsthie sadmedimElahduseduicet ((dadaapinisaded)casnasdetdclod/O
20091129366 G T/SAQPRIHOTS dAOISIRSIein 0 7Ot i stags e¥ige dgsting system

100 includes a transfer station 400 configured for bulk feeding of storage devices 500 to the
automated trarfépdhedrosanitedge-g rBhsircrabriicaE R Mrinterhacaliiheateg Ba S tRE200
independently gan¢cegoeReciesiasotaklnyttramsferring a storage device 500 Sbetween the transfer

station 400 an est slot 310, The transfer station 400 houses ong or e fotes 600 carrying
multiple storag%ﬁgse%\)lices 50 Breﬂslgﬁtt%ragf%a%vel Sigéﬁ?dlb?/ %ﬁee“élﬁﬁglrﬁlh erﬁlflr%rgé(%?)@el? 200. The transfer
stat!on 400_ is ateergickypointdopdetyesihghanthreseidevng mma@éﬁi@esd%@_snmagﬁj from t_he storage
device testing gysten hiB. khe [Ies. G0 algw AN gpIalRISuRalY A0 RYIRKR Bcollection of

10storage devices 500 to and from the transfér station 400. In the example shown In
the test slots 310, as shown in FIG. 4. In some implementations, the manipulator 700

is also configured to initiate actuation of a clamping mechanism 570 disposed in the
storage device transporter 550. This allows actuation of the clamping mechanism 570
before the transporter 550 is moved from the tote 600 to the test slot 310 to inhibit

20 movement of the storage device 500 relative to the storage device transporter 550
during the move. Prior to insertion in the test slot 310, the manipulator 700 can again
actuate the clamping mechanism 570 to release the storage device 500 within the
frame 560. This allows for insertion of the storage device transporter 550 into one of
the test slots 310, until the storage device 500 is in a test position with a storage

25 device connector 510 engaged with a test slot connector (not shown). The clamping
mechanism 570 may also be configured to engage the test slot 310, once received
therein, to inhibit movement of the storage device transporter 550 relative to the test
slot 310. In such implementations, once the storage device 500 is in the test position,
the clamping mechanism 570 is engaged again (e.g., by the manipulator 700) to

30 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

11



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%6y 2YiR§36f as a destination tote 600 for receiving tested stor&§d/HEWOLE490 (or both).
Destination totes 600 may be 15classified as "passed return totes" or "failed return totes" for receiving
respective storage devices 500 that have either passed or failed a functionality test, respectively.
[0050]In implementations that employ storage device transporters 550 for manipulating storage

devices 500, a&SrriassEYiES A0UsaTFisdShershraTe Sot IR BT P INARER 85 REY device
transporter 55@nanaane eithe tesksiots 310 20with the manipulator 700, then pick up a storage

device 500 fro the totes 600 pre the transfer station 400 with the storage device
transporter 553,6 @r?ﬁ then rﬁﬁ%\rr g trs?tg?ggggz%dﬁ\ii?g ?ﬁﬁ?&ﬁ%ﬁ@é? Wi r%H;t o%géseagee%?ce 500 therein,
to the test slot 3Xofgheastingcaithd0ftofagentevipte oMt Adter testingipiHeatoohHicelude200 retrieves the

tested stgrage deviGa SQBEMEE915Ia A0 Y tomEing e slprage AR vicRRsnorter 950

carrying the tested storage device 500 from the test slot 310 (i.e., with the manipulator 700), carrying
the tested stor&RVadviEES08-i the Sistapdqevndeminsforte! ystribigediasfer station 400, and

manipulating thetsterage deviapcaospoiten bRie kepen thetasiedrstragaedevice 500 to one of the
totes 600 at the tr?nsfer f%tation 400. o;;waql%geﬁt slot 310, shown in FIG, 4 dﬁfgrsles an opening

- ementations, the arms . 0 other arrangements, suc
312 conﬁgured‘?1 fecelve the s orage device transpor%grsg 07 WhiCH T RS €4 provides closure of

the test slot 31 0Mheswrage decthtamsportartiss@riglcdnfichateddn rEteresii@Gtolage device 500,
as showp in FIGbnand. B, Randied i the.aiomaied il ansReier so i Ve mﬁﬂg%&ftépe storage

device transporters 550 is removed from one of the test slots 310 with the robot 200 (e.g., by grabbing,

or otherwise enggiightrEamisithdrsssloramlar A frsketes Sostand treondas drtor 400 of the robot
200). In some gypeRRIRSsAp MR RIRM RIS I 56 dls JhR Blarage e yme/sanspeer 550

actuator 750 is operable to move its coupled tabs 742, 744 in opposing directions to
releasably engage and hold a storage device transporter 550. To grab the storage

15 device transporter 550, the robotic arm 200 and manipulator 700 are actuated to
maneuver one of the couplers 740 to place the tabs 742, 744 into the indentation 552
of the storage device transporter 550 and then actuate the tab actuator 740 to move the
tabs 742, 744 away from each other and engage the indentation 552 to releasable
attach to the storage device transporter 550. In some examples, the tabs 742, 744 are

20 hook shaped and/or have friction pads to engage the indentation 552 of the storage
device transporter 550. Each arm 720, 730 of the manipulator 700 has first and
second clamp actuators 762, 764 configured to engage the clamping mechanism 570
of the storage device transporter 550. The clamp actuators 762, 764 may be operable
to push or pull on the clamping mechanism 570 to engage/disengage the clamping

25 mechanism 570.
[0054] Referring to FIGS. 12-14, in some examples, the manipulator 700
includes multiple manipulator couplers 725 disposed on a manipulator body 710 and
arranged in substantially the same orientation with respect to each other (e.g.,
parallel), with each manipulator coupler 725 spaced from one another (e.g., vertically

30 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

12



5includes 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 around a storage device support (not
shown) in tI¥@RBHP I that the storage device transporter 550 can be m8¢ddRYI/HA e robotic
arm 200) into a position beneath one of the storage devices 500 housed in one of multiple storage
device receptacles 10 620 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 310) into a position engaging the storage
device 600 for YEHTES Hofrathelt e isoD paus S pvifl iy s fageserantetb sad i@ within the frame
560 of the storagaipevicedsapisportenss0s Bhesstorageniaviaedd angpodavsahanspibmgtorage 15
device 500 toggther can be moved by the robotic or placement Wi}?in e gf the test slots
310, 25 shown TP 1 AL S RBREn e e B it e EBSb ree o inine
actuation of a clauploingIvechziilsmbie dispodephinnh¥y btrage tedice andivsparder 550. This allows
actuation;of the glamping MeshanismnAfRelRiG heERISRAEIe59:isINgYeghftom the tote 600 to the

test slot 310 to inhibit 20movement of the storage device 500 relative to the storage device transporter
550 during the SsWRIePASRIEd Ftsertiorreingnis 1eed YO0 R hiBsEteT R0l AYain actuate the
clamping mechanissmhodéQdehrelensetiba storage device 500 within the frame 560. This allows for

insertion of the ge device transporter 550 int e of the test slots 310, untjl the storage device
500isina test[gé)gsgl ion With%cs (r)nr%ngPu e %&r?r%sc or %br%ﬁntﬁfélgﬁg\%ﬁfﬁ arte?g%%%%t connector (not

shown). The cleshpingoragchanismr@7iortay Hsd hersonfigated-todeaygdge vy testrslog@i0, once
received ghereip, fo, PRIRILMAYEMEH R (&394 lavice &5&“&1@%§%§§1@1§?@M‘6§1&%Q€ test slot 310.

In such implementations, once the storage device 500 is in the test position, the clamping mechanism
570 is engaged!eiait? @ tepyeihes HIaHAGRIY- 700 ReBoMticrHelrnTenrst gt &ye device
transporter 55Qd@lativedtectine ipstislotedl Qiddie &lampiagLtihanaasrentesditisrthis manner can
help to reduce vribratio S (gl ri? E sting. Inasome exam rllgg .afteg {nsteitito ,ﬁ?e st rﬁllggz device. '
ttansporter 550 A SIdvGL Be\ Le dod ALYy SAU St S 8B Y Sttt il combination or
individually witHin ihietestsid08 tih [BoE8iRefer irgifolkie 30@+d intthe rmathipulbiole 780 is secured to a
distal eng 202 gf,fhe; iPRKEA L AAGNIM SANGHTRIS IR UAIANR SN MANRHRRGLLAR igludes
rows in the racks 300, the manipulator couplers 725 are arranged with the appropriate
spacing(s) H,V such that the manipulator couplers 725 substantially align with
respective test slots 310 for delivering or retrieving disc drives 500 and/or transporters
550 to or from the test slots 310. The tote 600 may be configured to accommodate
20 and hold disc drives 500 in an arrangement that spaces the disc drives 500 in same
manner as the test slots 310 are arranged in the racks 300. Therefore, the manipulator
700 may interact with totes 600 having storage device receptacles 620 (FIG. 15) and
with racks 300 having test slots 310 in same manner, e.g., as when both the storage
device receptacles 620 and the test slots 310 are arranged in substantially similar rows
25 and columns. The manipulator couplers 725 may be arranged such that the spacings
H, V are multiples of the spacing between adjacent storage device receptacles 620
and/or test slots 310. For example, the manipulator couplers 725 may be arranged so
as to 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
30 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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5first and second arms 720, 730 disposed on a manipulator body 710. In the examples shown in FIGS.
9-11, the first and second arms 720, 730 and arranged in a substantially V-shaped configuration with
respect to eWch28t882%%¢Gcome implementations, the arms 720, 730 can be BiBSXWIRIEr
arrangements, such as 180 degrees from each other or some other angle therebetween. The arms
720, 730 10each have couplers 740 configured to releasably attach to a storage device transporter

550. In the examples shown, each coupler 740 includes first and second tabs 742, 744 opposedly
coupled to a taB&ENiEEe 790 Y RIoeios B drRT PRI IS THR I M SIR8E/4Y it perable to move

its coupled tabso04zso 440 RPpOosiRgriiastiansciat lciasaitaRgage s halchagumge device
transporter 550, To grd%gigg?egtora e quge}gilg%ﬂtra sporter 550, the r%%%o%/‘sarm 290 and manipulator
J abs

h
700 are actuattsétartag maneuver trgile of the coup %rrst 40 E)l %tcoé theP 451,a9fﬁrilﬁtvg the indentation
552 of the stordgevdethicetaragrsponites 560 antbthendacsatendrertab athratoyirgiemgove the tabs 742,

744 away fromeach aRenANLAASANE e BENUANGAR toiisieasahleatarin gstorage device

transporter 550. In some examples, the tabs 742,744 are 20hook shaped and/or have friction pads to
engage the indiHeIBAEEED08F the storage device transporter 550. Each arm 720, 730 of the

manipulator 700das first anchsecensCliamppastidaiaisnt G erSheaafiguiediecapgagethe clamping

mechanism 570 of the storage device trapsporter 550. The clamp actuators 762, 764 may be operable

10 push or pull T8 T A D A Sk Lot b R e e R B b Phmorhaniom 570,
p Y ping gag gag pig

[0054]Referringoto) RIE Siah PrilldtoirV 80 meyekamiples] tteanasiipaatdevi@®o 50| tdes! momtiple manipulator

couplers, 725 digposes.on & manialaian her ¢10.304 BriaRgRd dfoswbstaniially; taesame orientation

with respect to each other (e.g., parallel), with each manipulator coupler 725 spaced from one another

(e.g., vertically'SBISHEIA RS IFOMAIARRRECT P S feitias Hpraserpre ot M émhimi®t 700 having

first and secongdJnanipiateksauplers 72,k 760 Brasngedwithia, horzseialspasing H. FIG. 13
illustrates an example of the manipulator 70Q having first and. second manipulator couplers 725A,
it st et

i
725B arrangedv‘(N %?r%f%:lg]ﬂsaﬁ%rcﬁﬂ@ “FIG 1% %ﬂusﬁ?{avt‘lérgcgn e of zta\arl?itf)% tor 700 having

first_, second, ttm_iodxoau'ndnf@mphqingtﬂ_rﬁalgtdn eoowletbe A2EA)WABE] 2By, *SE amrbmgwwv_ith the
horizontg] spaging, b REEESHING HESLANE 65809 SHVEIS theRE s I RBRI MR/ BR e hird and fourth

couplers 725C, 725D, and the vertical spacing V between the first and second
the tote 600 as well as deliver and retrieve storage device transporters 550 carrying

storage devices 500 to and from test slots 310 in the same column of a rack 300.
Combinations of these examples are possible as well, such as diagonally spaced
manipulator couplers 725. In examples, such as shown in FIG. 14, where the

20 manipulator 700 includes a two dimensional array of manipulator couplers 725, the
manipulator 700 can deliver and retrieve storage devices 500 to and from storage
device receptacles 620 in the multiple rows and columns of the tote 600 as well as
deliver and retrieve storage device transporters 550 carrying storage devices 500 to
and from multiple rows and columns test slots 310 of a rack 300

25 [0058] In the example illustrated in FIGS. 15-16, the tote 600 includes a tote
body 610 having a front side 611, a back side 612, a top side 613, a bottom side 614, a
right side 615 and a left side 616. The tote body 610 defines multiple storage device
receptacles 620 in the front side 611 that are each configured to house a storage
device 500. In some examples, the tote 600 rests on its back side 612 while in the

30 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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5couplers 725A, 725B and the third and fourth couplers 725C, 725D. In some examples, a third axis of
spacing is used to offset various manipulator couplers 725 from others in three directions. [0055]Each
manipulatorW¥ORsIY1223¢s configured to engage and releasably hold a storB§&/HEN8YMAHSporter 550.
The manipulator couplers 725 may be arranged 10to allow the manipulator 700 to deliver and retrieve
disc drives 500 from multiple test slots 310 substantially simultaneously. The manipulator couplers 725

are arranged to accommodate the spacing (e.g., single or multi-directional? between one or more
groups of test SIftEestdybosameEt Hatsr hBAt A Atursadsy ShEecanay s el #iat the robotic arm

200 can manewivitiheamanipubater.Addae iaterast wikthoulipletet 1 53lots:3 boigtaance. For example,
e O R b e P RO ot coupters

725 are arranged W appropriate spacin suc € manipulator couplers 725
substantially akgnowifieresprctippagshsliots XD for delivering or retrieving disc drives 500 and/or

ransporters 53G4a,0r from thetestainie kAT bR Aole S00MAY he: SAATgURA R AReammodate 20and

hold disc drives 500 in an arrangement that spaces the disc drives 500 in same manner as the test

slots 310 are aHAGRIENICHEPRERSZDELFisaFedd s MO T FRPUIARY OO Ry ShTdfacDwWith totes 600

having storagetiglenisavricapias asvi20s(b!G a 15y andipilbiacks BOGsaying Rt 8030 in same

manner, e.g., as wh%?ra oth tlhg storage dlevii:?n rece tnacl S 6%28 anCFI the test slo%§23i10 are arranged in
substantially simiitar Tows” Q&:fna- cOIimis e r%amBuTa%o? Sc8u§|eergv7%5slﬁ93§/rbe arrsanged such that
the spacings Hyoufmreahuitiplamoflinetspgcitey iseteenadjatent stolate eyl reaeptacles 620

and/or test slotg, 319, FAY SXAR'S:dReDANRMAEN GOURIGE 12340305 AlRRERY 50 as (o retrieve

storage devices 500 fromnm non-adjacent storage device receptacles 620 (e.g., first and fourth

positions), whiRdigRfleanshiindretnagsdstisaiecarsiede b onlier Sadatenfedt@ets 310. The

converse may f& syitakifakwed. [AORGITheamaniiiaiakd ABvsayoetrisyenekdelper the storage
devices 500 or tora?e d?vii:e g&nﬂslgotrters 550. carr in 1psttor ge devi(t;es ?ﬁ Olse%ﬂentially, randomly,
or substantiallejS%Y%ﬁﬁ e 3ﬁ§l)§. he rﬁgﬁ%ﬁﬁfg‘%?%éun S rﬁsag/oﬁéfﬂré e 6r'delVer the storage
devices 500 orssiciggt devig tragpotierstishio aamryiay isttragergevices SB0dpitelhéd@ontally or

vertically adjacgpt. QL ROAZORRAI 9{0}’%98&%&”%&‘)'@-&5@Pﬁfé%%?i@@@egi‘éé(i&g)égﬁ%@?cﬁ% 620. Further,

the manipulator couplers 725 may retrieve or deliver the storage devices 500 or storage device
transporters 55(PERRYIRYCStEPARO BRIV LdS tBoprRmesd dbunthRy terage droats raeracelstod horizontally or

vertically non- while carrying the storage device 500 for delivery to a destination target, such as a test

slot 310. In some examples, the storage device receptacle 620 of the tote 600 and the
manipulator couplers 725 can be spaced to have substantially the same vertical and/or

20 horizontal spacing of the test slots 310. The manipulator 700 retrieves or delivers
multiple storage devices 500 or storage device transporters 550 carrying storage
devices 500 substantially simultaneously with multiple manipulator couplers 725
from the storage device receptacles 620 of the tote 600, transports the storage devices
500 or storage device transporters 550 carrying storage devices 500 to one or more

25 racks 300 and substantially simultaneously delivers them to multiple test slots 310.
The same procedure may be used in reverse to move storage devices 500 or storage
device transporters 550 carrying storage devices 500 from the test slots 310 back to
one or more totes 600. In some examples, the manipulator couplers 725 are
configured to move in one or more directions (e.g., via single or multi-axis drive or

30 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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adjacent test slots. [0057]For example, in implementations where the manipulator couplers 725 are
spaced horizontally (FIG. 12) with substantially no vertical spacing V (e.g., in a row), the manipulator
700 may deWR R &iffeve storage devices 500 to and from 10storage deRAFEURHWRIHOIES 620 in the
same row of the tote 600 as well as deliver and retrieve storage device transporters 550 carrying
storage devices 500 to and from test slots 310 in the same row of a rack 300. In another example, in
implementations where the manipulator couplers 725 are spaced vertically (FIG. 13) with substantially
no horizontal spAtHP Sy the Errsy streRRawbetor-7Ber sl astivarbay YitPive 15storage
devices 500 tosgndriraro stesaggudericecteteniaikptiandhgsamecaidvonah the tote 600 as well as
deliver and retrireven aEgra e qt?vic rtranz%ort%r,stﬁ% (r:arr;gn\gfst?r%e deyicefogoo to and from test
slots 310 in thd S3Me colimin of arac > Combinatrons of these %%Sh%li‘es are possible as well,
such as diagon@fi§ispaced manipeliatplcnsoiplerss 72§ thte exeampiion suppods showaidd BiS. 14, where
the 20 manipylatar0R.incides ahw e dimensionalar @yl RaliRiaPLLPMRIRES 7 25, the manipulator

700 can deliver and retrieve storage devices 500 to and from storage device receptacles 620 in the
multiple rows affEHEBINAIHS SR8 {S1E26D O WRAFR BTG AHIPRSHIBOE sYsiipetd@liertransporters

550 carrying st@iragendaviessbRaiosnd fiomdotsRlerrymandeplomnstesisiptei L of a rack 300
25[0058]In the xam le illustrated in FIGS, 15-%8, thlegtot 600 i clud%s a tote bodyg having a front
the mcelu S

side 611, a bac s%e%isf,ngntlgﬁ SSL}B%Ogﬂ,Stg é oM side” ]f%,aél risgeﬁf)réldp@%ﬂ%n%l%la left’side 616. The
tote body 610 définéstmsipletstonadgacdeviteured épbaciesi8aDbin thepckriont sideB®bidheitare each

configurgd to h&ﬁg@@tg{@g@e@%&pg@%ﬁ@ SOMR gxamnlss sie tote 600 rests on its back side 612

while in the 30loading position, such that the storage device receptacles 620 are substantially vertical

and face upwakP%d shownRAfEf@e rE2itIHEr Ekahifodonss 100 60errs95etd thedrdtier orientation
while in the loagiagriesitian 43UChES asaTiRediReivaAnartigsl QtsRiBlRNIagiyth the presentation
position. In the ﬁresegéféiioqlp sition,fthe t %e 60Q rests on its bot%om sige .6111,;@5 that the storage
device recepta% 8RO r& 86 lsqtziﬂ]tliéﬁk}r?] 112G REAl i ?gggollgtae?a%?/%% CSHGWRSN F1G. 13. The tote

body 610 definElscaom lgrdmgesif3otidithpivightahodets Sickes G1b{161 fositibrearote m_dydfilo that are
configurgd to SURRRATE th Qi G0 PPAAILN IR XATRIS SHRA. SacM8QIAds dayice receptacle 620

includes a storage device support 622 configured to support a central portion 502 (see FIG. 7) of the

received storageyesicesIn Rrsifion fAaknkineRpHBrERdStisrdgE Vg SroERPRY HER-central

portions. In somee:ifARIABIERiRE S8 3 e AGE GHRIMICR SHORA HBR 2 dsicanfignrest i snaport the
storage device 500 at an 'nﬁ#ne, while the tote 600 is in q 10 substantiall .veréical .orientation, such
that the storagBdEWite %&b’ CEERO ?6%%1:?&%@6%} ﬁP&‘*t*‘“ﬁS%ﬂ%%%X&%i ‘e*rédéptacle 620,

rather than outsobthetstity ageice vicentetaptache GA0hT o iepnsvataibosggosiysagesd@lice 500 from the

storage gevioe R Sniarie A2f. 5. SOIROR devAS LASRINSTAPRARITIGNErRaify, the storae

device 500 (e.g. by the robotic arm Z200) in the storage device receptacle 620

In some examples, the tote presentation support system 420 holds the tote 600 at a
slightly inclined (e.g. off vertical) orientation to keep storage devices 500 from
accidentally slipping out of the tote 600.
[0063] A method of performing storage device testing includes presenting
25 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 or more
storage devices 500 from the storage device tote 600 and deliver the retrieved storage
device(s) 500 to corresponding test slots 310 of a rack 300 of the storage device
testing system 100. The method includes actuating the automated transporter 200 to
30 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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15 and elevated to lift the storage device 500 off of the storage device support 622. The storage
device transporter 550 is then removed from the storage device receptacle 620 while carrying the
storage devi¥@ 88913PHélivery to a destination target, such as a test slot SRETWESHNHD &AM ples, the
storage device receptacle 620 of the tote 600 and the manipulator couplers 725 can be spaced to
have substantially the same vertical and/or 20horizontal spacing of the test slots 310. The manipulator
700 retrieves or delivers multiple storage devices 500 or storage device transporters 550 carrying

storage deviceSCHEHRT bRt SRR ARBISGY iRl B RIS LIRSt dF ESUPers 725 from the
storage devicenigkgiigetesntdd oiibe dotr 800 HEanIpRVisi e sib IR dexiprsIbAboisiorage device

transporters 550 cal-lying stor devices 500.to one .or more 25racks 300 and.substantially
Smuhaneoush TERELS ot e ot DR M S e G MM oed i reverse to
move storage devigesS0G0 ¥toragrdeteideltrandpdrasBbazcheryingrtoddtmapevices 500 from the

test slots,310 bagkJQQNg o5 MAre RS AR GBS SXAMRIGSIdNe MANBWALAL GoyRlers 725 are

configured to move in one or more directions (e.g., via single or multi-axis drive or 30stage) to
accommodate HfHErERNEPRRTGS BUHHEA. ShoM AR B 8 VROHE bRy d 2 hrsneyiisst slots 310.

[0060]Referringetofd Goldgddsarpstonle neriaionsithesvangfanstaiien AQRpneiumes a transfer station

housing 410 and | ultl?le tate pre ent&g&nesyé)ﬁcorgggste 420 dcﬁsﬂgsfl%.o'ilhth?n gﬁ\él(ffer station

housing 410. = %Ifenﬁ?létlsne%w ae[iérr?tsupp%rt systeem 45160its &R |gnure 't fecelVe ah support a

storage deviceneyeaB00nitislprewentgtibe quositive forseovici?gbip thevstrage adteagesting system
100. [00g1]In spme. pRIRRRRAHQNS AP IG RIBREHRIQBAURRMLSYRIGRS (2 flémeach disposed

on the same side of the transfer station housing 410 and arranged vertically with respect to each other.

Each tote prestntatia Shidpsihsysredn e opsraend wofrsettarevarBlingitihredpdaristhe others. In

some examplegaapshdwnm fréiddSdithiadoievpiestniaiien sHpRAisySiRmifddaeiudes first and
second opposi airs 422, 424 of tote, support arms 426 configured tq be received by respective arm
ol Sk bR o oBEagR e

grooves 630 1 1nn§0d Bf/cfﬁé“‘t%atrégﬁ%afys lecgﬁg agaet a0 581% %‘ﬁ]ﬁé erring again to
FIG. 17, a totetaowettata6ridedisp68e duw nithdityansfelosfdiopahotsingrddOdandds ¢dnfigured to move a

pivotally, coupled, fate,|aading: s BRAL A0 rheh aﬂﬁo?l?é?féggfﬁ d JofeCehE Rt SLpRRILRStorage device

tote 600. The tote loading support 440 pivots and moves between a first position and a second

15position. The kB tdiBiat thatriereemfigire 40 irie vie thstise Yoadilty girataigve the

parked storage device 500 and insert it in the second slot 310. The dual-armed
manipulator 700 removes the step of parking one of the storage devices 500 while
swapping storage devices 500 amongst two test slots 310.

20 destination location.
[0064] In some implementations, the method includes retrieving multiple
presented storage devices 500 substantially simultaneously and delivering each of the
storage devices to a respective test slot 310 substantially simultaneously. The method
may includes shuffling storage devices 500 amongst test slots 310 by actuating the

25 automated transporter 200 to remove a set of storage devices 500 from a first set of
test slots 310, via multiple manipulator couplers 725, carrying them to a second set of
test slots 310 and deliver them substantially simultaneously to the second set of test
slots 310. Alternatively, the automated transporter 200 can deliver the set of storage
devices 500 to a set of storage device receptacles 620 of a tote 600. Similarly, the

30 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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between the first position, for holding a storage device tote 600 in a loading position (e.g. in a
horizontal orientation at the loading support's first position), and the second position, for holding a
storage devi¥@ /6346 the presentation position (e.g. in a substantially VRGHEI29AEMETON) at one
of the tote presentation support systems 420 20for servicing by the storage device testing system 100
(e.g. by the robotic arm 200). In some examples, the tote presentation support system 420 holds the

tote 600 at a slightly inclined (e.g. off vertical) orientation to keep storage devices 500 from
accidentally slika%é out of S0 b peRselRder v Yo iriitg StayRyedesicd Bsting includes

presenting 25musdiple sioipre daricasvap sotiatorage.devider estingystamyl0sifes testing and
actuating an au{omatgd tran§§g)r r 200 ée. . robotic arr t&Be&EigrY%%ne or géoéa storage devices 500

t
from the storagseoﬁéﬁc%v%%?sé and dénver the retrieve storage gew%g(sstf eovtl:cc?rresponding test

slots 310 of a ratk®000d fhedstethgetaiegicde testitags HPtaro/000. tihtamdtheidtinc e sAactuating the
automated transpager.29808rRinEalGacliSIIaPR davireR0 R et RIohdk0. fd performing a

functionality test on the storage devices 500 received by the test slot 310. The method may also
include actuatiffPtieBatoatRe PPN o601 TR RSO rareNdei g brade Hewees 500 from the

test slot 310 ardviglivetitbeiastedosiongadeica-HRe hackiwiasegpsiratiamtocation. In some
implementationsé th? Enethodtinc udes re rie\fting[; m?g{gle e[ii;l{etsented storasgle deXi'Bes 500 and delivering
each of the sto%ﬁ%nc?elvol%ggsfdoél ré’sopn& ive tedt %f8 gchlo) naolﬁne%uﬁﬁgftesrﬁeﬁ?éstions, the method
includes shuffliigpstedagetitevices 500 iantongsigté s siotsrBiQdiyvadterdbngithecspsovated transporter
5200 to 1emove,ayfirRl IR HEVIFSR AWM AJEEH [EalSIRLSHY Q0 Lamag: 5,3 first

manipulator couplers 720, moving to a second test slot 310 and removing a second storage device
500 and carryif§ JEWRRAtA beRiBere Mahtdardine eetiprarenthe tahtfeheationa0figmecrest storage device

500 into the sespind siat R Ebe wrtheg BavePrednelibe,aatuatingtbeantamaipr ttansporter 200 to
move the second stora%(lal 10device to th 6irtst test.slot glqland ins%iting the second storage device

500 in the first RESERISTSLOPRYY N HddE oP bpEYAtih Wet8raie s vice Srtitiig), Y58 dual-armed

manipulator 70@@rovides distinct advantages over a single-armed manipulator by allowing direct

exchanggs of E%r@@e devicglsréggvﬁ%e&gﬁoﬂggrergf% %&%vglg)ga %@QQS styage device 500 out of

a first test slot 310, park the storage device 500 in an 15empty slot 310 or in a tote 600, retrieve

another storagdedgicesnethadriraiaabliaciidesatuaneeifscriomiteioraga&icl0900 into the first test
slot 310, and thaRdaiiayerthfre 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 or more
storage devices 500 from the transfer station 400 and carry the storage devices 500 in

20 respective storage device transporters 550. The method includes actuating the
automated transporter 200 to deliver the storage device transporters 550 carrying the
storage devices 500 to respective test slots 310 for performing a functionality test on
the storage device 500 housed by the received storage device transporter 550 and the
test slot 310. In some examples, delivering the storage device transporters 550 to the

25 test slots 310 includes inserting the storage device transporters 550 carrying the
storage devices 500 into the test slots 310 in the rack 300, establishing an electric
connection between the storage devices 500 and the rack 300. After testing is
completed on the storage devices 500, the method includes actuating the automated
transporter 200 to retrieve the storage device transporters 550 carrying the tested

30 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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parked storage device 500 and insert it in the second slot 310. The dual-armed manipulator 700
removes the step of parking one of the storage devices 500 while swapping storage devices 500
amongst twdV230&a89F0. 20destination location. [0064]In some implemeRGHEN304HE+TEThod
includes retrieving multiple presented storage devices 500 substantially simultaneously and delivering
each of the storage devices to a respective test slot 310 substantially simultaneously. The method may

includes shuffling storage devices 500 amoné;st test slots 310 by actuating the 25 automated
transporter 20016 Fehiliie 4o eprbsiste'aedlfets 30 frenr avhrst &t sitwlstsiote®10, via multiple
manipulator copplasibfoeairingthing «f second set of test slots 310 and deliver them

substantially si neously to the second set of test slots 310. Alterngtively, the automated
transporter 20(£BI éfén deliver%ﬁéosrpeet %’?&é]reasgte%%gl\?@gg gﬁ%’%sg%@ b%gs%berg&}glaaé%f%e receptacles 620 of
a tote 600. Sintikndgottee 20rvedbpetinthy siochgddaatidungpersed o stdhadrs tdéetidds 60 from a set of

storage device fGGeRIACIRS EA0IAIla 890 subsianiRi AL AnGe AFeluet et (@l of them
substantially at once) to multiple test slots 310. WO 2009/129366PCT/US2009/040757

[0065]Presentifit) iFfIEEAR S agfbod e e e iy fépragatisyirsdgihelaemeraaatysdhting multiple storage
devices 500 intaéei@ B tansialciabiner4RP@sibyideadngithe sigrage fanigrskRLinto storage device
receptacles 629 defined QX A ;ge devicettote 600, athloé%ta'ng the storage device tote 600
into/onto the trahSfar STNIGHh 400, A BISE ThovEI 36 0fthe transfer station 400 is actuated to move the
storage device[@&8 500 frorm adwadinglpositivnts thepresemtetisrppsitior?®Orisdndicing by the storage

device testing systom.100nb16HAIAYE FEMIER IIRBRQ S SURRRER Jadhs RTESSRIation position by

one of multiple tote presentation support systems 420 disposed on the transfer station housing 410

and arranged VEMieaIH W FESpEL e o BEhcS i eMUte BRSTa JaacitE T88EB00, each housing
storage devicegHR0¢ eandan-semkientialy alasedds thesmpaingtpasiion R thasparsfeoetation 400 and

moved by the otle over ﬁ%%%zi(ﬁ es nelzglgilvelg)rerzsent?ti g)ofsiﬂopn %’E.o gtgrf iB mi Iltiple tote
presentation suﬁﬁlog& gygtems ér serwcl?ﬁg tlgyct?]@setr(%ﬁ dafea fgghng y§te 100.

deliver the untested storage device 500 to a test slot 310. At the test slot 310, the

15 automated transporter 200 removes a storage device transporter 550 carrying a test
storage device 500 currently in the test slot 310, before inserting the storage device
transporter 550 carrying the untested storage device 500 into the test slot 310 for
testing. The automated transporter 200 then delivers the tested storage device 500 to a
destination location, such as a receptacle 620 of a destination storage device tote 600.

20 In another example, the automated transporter 200 can retrieve and carry two or more
untested storage devices 500, one on each arm 720, 730 or on manipulators coupler
725 of the manipulator 700, and then deliver the two untested storage devices 500 to
respective test slots 310 for testing. The automated transporter 700 can then be
actuated to retrieve two tested storage devices 500 from their respective slots 310 (e.g.

25 by engaging and removing their respective storage device transporters 550 with the
manipulator 700), and deliver the tested storage devices 500 to a destination location,
such as two receptacles 620 of one or more destination storage device totes 600. If
one tested storage device 500 passed the storage device testing and the other failed,
they may be placed in different destination storage device totes 600, such a “passed”

30 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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15[0066]In retrieving one or more of the presented storage devices 500 for testing, the method
preferably includes actuating the automated transporter 200 to retrieve one or more storage device
transporter B80WY13P8¢h a test slot 310 housed in a rack 300), and actuatifgEASHWAIHIEd
transporter 200 to retrieve one or more storage devices 500 from the transfer station 400 and carry the
storage devices 500 in 20respective storage device transporters 550. The method includes actuating
the automated transporter 200 to deliver the storage device transporters 550 canying the storage
devices 500 toPARpEOECRREP Y ST O g ritmG ctimdto Al R {edt Ak Sirage device 500
housed by the tiaggivaer SEUape ey iCEnt aRsRREEN 5B landiibe dest sloil @thiliy sothe examples,
delivering the satotr%g%%gef‘r\éige t;'?\r} 8rtters t?ﬂ?p t%{f}g 25te%t[ slots 310 includes inserting the storage
device transpor ers car???nge the stoo?gge devices 50U Into the test slots 310 in the rack 300,
establishing arl@@elric conReétiongdethléen thie storageptianioesi SO0 thieordRBB0. After testing is
completegl on i RotagRARY G YR MERA BSieR A alng (e Adipmalseiignsporter 200

to retrieve the storage device trans&orters 550 carryslrrcl)% e tested 30storage device 500 from the test
slots 310 and d&ivefifg e teetdd K aray RedeknBEdy st hadketiomged st dbaitmavesuch as a

destination stosagepeavice:iae66p0hattiantieasiation AXNels some weplemsmations, the rack 300
and two or more assor(%ia ed test tslots 310 ar comi ured t tmo?/% storage devi%ﬁs FOO internally from
one test slot 31016 BHoth8rtastsidt 3107 A iiTthe casd'Whire He B SIoee Ny dre provisioned for
different kinds obtestdcj088 70. sbime @xayop EX) X heyrwdib oo inklude syactoiatimgbike automated
transporfgr 20040, eROSILNG AAALE Fpcs TapReartar A ha destsint3lQafisr Sdepositing the

tested storage device gOO at a destination location (e.g. in a storage device receptacle 620 of a

destination stof&4EaePRtEEHD)sterarssleaifsd B hrstfod 100 rdthr iRt dPLiBrige device 500
for testing (e.grdruvcthe siatagadadicsorcapiacinhIAnia sapes StP@eIRNIceRiRH00). [0068]In

some implemep&@on the aﬂtomated ransgl%&ger 200 inC|Ude5180%otjgf1%ni ulator 700 (‘fonfigured to

handle multiple $t0r4ge d&VAs BHPEATIST Storadee conveyor Wing @ portion o

or the completion of the disc drive testing. In some examples, the manipulator 700
15 includes a linear array of manipulator couplers 725, similar to that shown in FIG. 12,

for retrieving and placing multiple disc drives 500 and/or storage device transporters

550 carrying the storage devices 500 to and from the conveyor 1900.

[0071] A number of implementations have been described. Nevertheless, it

will be understood that various modifications may be made without departing from
20 the spirit and scope of the disclosure. Accordingly, other implementations are within

the scope of the following claims.
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device transporters 550 at once. For example, the automated transporter 200 can retrieve and carry one
untested storage device 500 in a storage device transporter 500 held by one arm 720, 730 or manipulator
coupler 725 of the manipulator 700, and deliver the untested storage device 500 to a test slot 310. At the
test slot 310, the 15automated transporter 200 removes a storage device transporter 550 carrying a test
storage device S0batifaitiedithe test slot 310, before inserting the storage device transporter 550
carrying the untested storage device 500 into the test slot 310 for testing. The automated transporter 200
then delivers the tested storage device 500 to a destination |ocation, such as a receptacle 620 of a
destination storage de(iCBEBRY BbBAMHTH A SIHEPE L RS RVHIN A XOFRSEEIEHEN Her 200 can retrieve
and carry two orspseie, tniestenstoragésihgvices 500, one on each arm 720, 730 or on manipulators
coupler 725 of the manjpulator 700, and then deliver the niest r ices 500 to respective
fost slots 310 for testme L et A LR BUEER e v testoa
storage devices oRiffeAtorAgerdRdersdveeriedd@ 1€ptiagy an®5 by engaging and removing their respective
storage device transpogigysiag hwihdhaeaanirysier HRbsAREMSINRTIRaRISUSIoERaR devices 500 to

a destination location, such as two receptacles 620 of one or more destination _storage device totes 600. If
one tested storalf& GERAICEE AR esReatNp IR THEA S 2aE RESHSEIgREd ey may be placed
in different destinadianssietagltesiineliates s)nssuckach ‘paagedé\dbstotage dspacstokstc00 and a "failed"

storage device tglte[ 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 manipulator capable of only

handling one stoyage dgyi¢R-B34 gpgé%sit’q@g%,d&\%ﬁg sporter 550 at a time. The increased flexibility

allows for path planning of the automated transporter 200 fo optimize its movements. [0070]Referring to
FIG. 19, in some impletREAAIIRE 24 UBRHGE EPIRRH6 i LOSHRS VALY HEtdRReaus e 6Y® to transport
storage devices hRiplefaseagduidnge arapdiitests. The conveyor 1900 may be a conveyer belt, an

automated assembly that moves storage devices ﬁl(%)o or an_operator, inter alia, that arranges storage
devices 500 in some sAH-Al FHe IS AL oA o) KLU 2 Y A ST el Pl B¥nLitple storage

devices 500. Thet@egwegvrdsquesented &isteitiouble canyingpendf slitalstera@fdedicay witbtem, automated or
operator-based,rgga@@f\gesﬁg; @rag(;pgerﬁgﬂgb(&%gt’ogﬁ(ge devices 500 to/from the storage device testing

system 100. The manipulator 700 may remove the storage devices 500 (via the manipulator couplers

725) from the conveyoR SN AHY AEtamPtEISRsRagE de SRS EhI Yo e BaRYE b Aal866 TiSilowing a portion
of or the completiormgd toeichsaehivadestag. da5am erxertplenribe dpandptatns éofkctive

test slots.

3. The method of claim 2, further comprising 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 providing closure of their respective

test slots.

4. The method of claim 2, wherein automated transporter uses transporter
couplers to engage and couple to the storage device transporters, the transporter

couplers arranged in at least a one-dimensional array.

5. The method of claim 4, further comprising carrying the retrieved storage

devices substantially parallel to one another.
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15 includes a linear array of manipulator couplers 725, similar to that shown in FIG. 12, for retrieving and
placing multiple disc drives 500 and/or storage device transporters 550 carrying the storage devices 500
to and from the conveyor 1900. [0071]A number of implementations have been described. Nevertheless,
it \yin be understood that various modifications may be made without departing from 20the spirit and

scope of the disclosure. Accordingly, other implementations are within the scope of the following claims.

What is claimedds: 1. fnaataqsh of tians e ineSiriRoeAgdRssHifI-akignaage.device testing system,
the method comprising:, actuating an automated transporter to substantially simultaneously retrieve

multiple storage YaYREEIYDaAlRIdG0PeaRHgT and sPaced 4t leatP R NAGHAIRIY #3hsporter to
substantially simutacubigListyncalinetitte retrieved storage devices to respective test slots of the storage
device testing system and to substantially simultaneously insert each storage device in their respective
test slot. 2. The method of claim 1, further comprising: actuating the automated transporter to
substantially simliltanebigsiyetbadedfeisititiplshsteiatie sletdge dexiveporedrssenteditaatiigothe automated

transporter to subsfREtGLYsiHaRS M rRIEIBXAdh R RIYRgaHRVices presented for testing by carrying

each of the storage devices with respective storage device transporters; and actuating the automated
transporter to substantially simultaneously deliver the storage device transporters, each carrying one of
the storage deviges, toTtheniespeciiviaiest sivkseid thehatoriteadrafisplairr tfigdéenahiplprising inserting

each storage device tr%ns arter spb t?]ntiarlTl% §imult neous in{o its rgs\pec{i\{e te%t slot, engaging the
: torage avices Subs anfiaey simultaneous|y, from the storage de IcE ote Wi .
carried storage devics with a respective’ connector orthe storage device testing system, the inserted

storage device teanspTidiRgHtoTAderdp Vikssiraspo tiaes byersgsEistivegttist tivege devidge method of claim 2,
wherein automaieg IEBRSRYRIHFER HAPSRRESIRYRIENRAS FRARARAMILRURIAIR tagrarage device

transporters, the transporter couplers arranged in at least a one-dimensional array. 5. The method of

claim 4, further CoTRRHSIHE IS PYRRITHY HeR SRS SRS Ge UG LIS RO IRAaYIEPEdone another.

the storage device transporters away from the storage device tote.

0. The method of claim 1, further the automated transporter comprises a

manipulator configured to transport multiple storage devices.

10.  The method of claim 9, wherein the manipulator comprises:

a manipulator body; and

multiple couplers disposed on the manipulator body and arranged in at least a
one-dimensional array, each coupler being configured to releasably attach to a storage

device transporter.

11.  The method of claim 10, wherein the couplers are arranged substantially
parallel to one another for holding storage devices substantially parallel to one

another.

12. A method of transferring storage devices within a storage device testing
system, the method comprising:
actuating an automated transporter to substantially simultaneously retrieve

storage devices from respective test slots of the storage device testing system; and
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6. The method of claim 5, wherein the transporter couplers are arranged substantially parallel to one
another and spaced at least one of horizontally and vertically from each other. 7. The method of claim 4,
wherein the storage devices are presented in a storage device tote presented to the storage device
testing system. 8. The method of claim 7, wherein the automated transporter retrieves multiple storage
devices substantially shgiuiditchashtarorediarierEeeielasliver thrrolittved stemsstigiieestomge device
transporters by B&ﬁé&?ﬂl‘fd%ﬁf)ﬁaﬁ@iﬁﬁgﬁ rﬁ@l‘t’éﬁ@o‘iﬁﬁ%@@é@%@a@?@Waﬁé%é&%_%%ﬂ%’ﬁaﬁ&@ge o!ewces, lifting
the storage devices each off a storage device support of the storage device tote, and carrying the storage
devices in the storage device transporters away from the storage device tote. 9. The method of claim 1,
further the autormated traasmotiter cfamapnisesfartmangupisingonfigured to transport multiple storage
devices. 10. The methad of i3 n ST DS IMANPUIBIAL SRS, & QaNiRylplgy body: and
multiple couplers disposed orrthe manipulator body and arranged in at least a one-dimensional array,
each coupler bemglitpafitiirge devieddeasspieisiach to a storage device transporter. 11. The method of
claim 10, wherein the cRURIRIS AELGEARLEGSYRsFaRtaLRARINSIRRARIING HiRielding storage

devices substantially parallel to one another. 12. A method of transferring storage devices within a
storage device t&€fiHy SouteahITaTR thedtHSASCHMSSRRLiFIGLs USingHOMAR P A Ca R RABE $Qnsporter to
substantially sindatigreessixgetieiesstorage devices from respective test slots of the storage device
testing system; and actuating the automated transporter to deliver the retrieved storage devices to a
station and substantially simultaneously release each storage device at the station. 13. The method of
claim 12, furtherldomprisimgethod telainmd3heharsiorinatadanatepanspenteulsssdaranaigrismultaneously

retrieve mU'tip|ecﬁ%%%é@(@ﬁ&e%ﬂ%@ﬂﬁ@&%ithe st@Wcﬁ‘ﬁaﬁ%ﬂ%ﬁ%éE%M@r to substantially

simultaneously retrieve the storage devices from thelr respective test slots using storage device
transporters to cE!BRRAHISRIE HRVRAsE2 g HREHBIRLYTEY claim 13, wherein the automated transporter
uses transporter couplers to engage and couple to the storage device transporters, the transporter

couplers arrangeig in atE %ar%t odﬁ(%-cigpnq i naj array. r15|' Tgaerrmlr?thdrgtfn%la%H] érlaféjrther comprising
carrying the retrieved storagé devices su s’tantlaﬁ[y paPa'Ifeq% one dndtner. &%hethod of claim 15,

wherein the trangpaessisabiipitied \aperakiehtyenk snbeintially parallel to one another and spaced at least
one of horizontally and vertically from each other.

16.  The method of claim 15, wherein the transporter couplers are arranged
substantially parallel to one another and spaced at least one of horizontally and

vertically from each other.

17.  The method of claim 12, wherein the automated transporter comprises a
manipulator, the manipulator comprising:

a manipulator body; and

multiple couplers disposed on the manipulator body and arranged at least a
one-dimensional array, each coupler being configured to releasably attach to a storage

device transporter.

18.  The method of claim 12, further comprising releasing the storage devices in a

storage device tote presented to the storage device testing system.

19.  The method of claim 18, wherein the automated transporter releases multiple

storage devices substantially simultaneously in the storage device tote by positioning
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17. The method of claim 12, wherein the automated transporter comprises a manipulator, the manipulator
comprising: a manipulator body; and multiple couplers disposed on the manipulator body and
arranged at least a one-dimensional array, each coupler being configured to releasably attach to a
storage device transporter. 18. The method of claim 12, further comprising releasing the storage devices
in a storage devRieragedlppicsdirsgaem sastpiribiesRestiees Hiatpas davines aDOVEespsstyed of claim 18,

wherein the autQRyaledHRRS RIERF R PR MG R RSRIR HBNIRAR SHBRIg iR Y-sisAtitaneously in the

storage device tote by positioning storage device transporters carrying the respective storage devices
above respective'8SPHHE BRRES SRR S MAY G GEES Y IR L SRR AN SIBRYE devices onto

the storage deviseragpperiss @i moving the storage device transporters away from the storage device
tote. 20. A storage device testing system comprising: an automated transporter; at least one rack
arranged about the automated transporter for access by the automated transporter; multiple test slots
housed by each3@ck, asiregstdslicdesitpeoyfigueauin@ipitkive a storage device for testing;  a transfer
station arranged for acgegsihivdieg fiiginated transporter, the transfer station presenting multiple storage
devices for testing; and a manipulator attached to the automated transporter, the manipulator

comprising multiple cofiRAY PR EY At St LI RIARMESIGRE AP SR EBYU BT being configured

to transport a staragasteMeRspditer] he storage device testing system of claim 20, wherein each coupler is

arranged substantially parallel.to,o nother for holding stor ices substantjally parallel to one
another. 22. The stora'lé(%rﬁle%i&eéttsiapg.%r%gﬁJ ussfgté%e%mc%% %%v%%gsr%?n %'ggﬁ%rﬁ{%fée# iio configured to

releasably attacm_et@iaemt@rggeqévicef@atezgpmter. 23. The storage device testing system of claim 20,
wherein the manipulatgrcosarisasPaMRYRUGHIERAMy #R%utomBUtRIRFENR R HisRpsed on the

manipulator body and spaced from one another in an arrangement that corresponds to at least one of:

a test slot layout &iMRHFIHE SAH PRt teetiydeshtraigsEtLdheously service multiple test slots, and

a manipulator attached to the automated transporter, the manipulator
comprising multiple couplers arranged in at least a one-dimensional array, each

coupler being configured to transport a storage device.

21.  The storage device testing system of claim 20, wherein each coupler is
arranged substantially parallel to one another for holding storage devices substantially

parallel to one another.

22.  The storage device testing system of claim 20, wherein each coupler is

configured to releasably attach to a storage device transporter.

23.  The storage device testing system of claim 20, wherein the manipulator
comprises:
a manipulator body; and
multiple couplers disposed on the manipulator body and spaced from one
another in an arrangement that corresponds to at least one of:
a test slot layout, allowing the manipulator to substantially

simultaneously service multiple test slots, and
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a tote receptacle layout, allowing the manipulator to substantially simultaneously service multiple tote
storage device receptacles of a storage device tote presented to the storage device testing system. 24.
The storage device testing system of claim 20, wherein the transfer station comprises a transfer station
housing configured to receive and support multiple storage device totes in a presentation position for
servicing by the automated trai¥dpteptagiadazEayicaldpinsrtigangpircaiaste sdwiprisaly a tote body defining

multiple storage devicejigeRpiasias saVfigurarish s RS AR RINAYFAMCR a Brahbe storage device
testing system of claim 20, wherein the transfer station comprises a conveyor. 26. A manipulator for a

storage device testing 1§46 P IEHRESRAHINARE SIBHP ALY ESHI5UHor body: and  multiple couplers

disposed on the manipulator body and spaced from one another in an arrangement that corresponds to a

Storage device dronce Syt CHE BB RGP AT e BB TRERTY Vg ryout
comprises a testapliagoutranstee seinadwddnderonéistireg &y stesiveano\imgarienttpipulator to substantially

simultaneously g@&é{&@.dgwg@q&egeﬁt a%?é%en%%omﬂ@sméﬁ‘%}ﬂ'E%chﬂfgo@':me?ﬁ’tc%lﬁé@n the storage device

servicing layout comprises a tote receptacle layout, allowing the manipulator to substantially
simultaneously JERARY HIuMKTE 1 B3 STAIGRe JeVIER L ENITREIS B8Ry el aigiay tiRltrge devices. 29.
The manipulatorsirajaite\ics istpredteshersigiegacerdocastevacingtrRyrviccomprises arranging the
couplers in at least a one-dimensional array according to a coupler spacing, allowing the manipulator to
transport storage devices substantially parallel to one another. 30.The manipulator of claim 29, wherein
each coupler is @rangétestiregeriiyice pestintebystesn efatrith @ fohpisitithy srnsdefesiddoites substantially

parallel to one apgthefes a conveyor.

26. A manipulator for a storage device testing system, the manipulator
comprising:

a manipulator body; and

multiple couplers disposed on the manipulator body and spaced from one
another in an arrangement that corresponds to a storage device servicing layout,
allowing the manipulator to substantially simultaneously service multiple storage

device at once.

27.  The manipulator of claim 26, wherein the storage device servicing layout
comprises a test slot layout of the storage device testing system, allowing the

manipulator to substantially simultaneously service multiple test slots.

28.  The manipulator of claim 26, wherein the storage device servicing layout
comprises a tote receptacle layout, allowing the manipulator to substantially
simultaneously service multiple tote storage device receptacles of a tote that carries

storage devices.

29.  The manipulator of claim 26, wherein the storage device servicing layout
comprises arranging the couplers in at least a one-dimensional array according to a

coupler spacing, allowing the manipulator to transport storage devices substantially
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parallel to one another.
30.  The manipulator of claim 29, wherein each coupler is arranged substantially

parallel to one another for holding storage devices substantially parallel to one

another.
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