Bul k Transfer of Storage Devices Using Manual Loadi ng CROSS- REFERENCE TO
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TECHNI CAL FI ELD This disclosure relates to bul k transfer of storage
devices to and from storage device testing systens and transfer stations
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This disclosure relates to bulk transfer of storage devices to and from storage

device testing systems and transfer stations for storage device testing systems.

10 BACKGROUND

Storage device manufacturers typically test manufactured storage devices for
compliance with a collection of requirements. Test equipment and techniques exist for
testing large numbers of storage devices serially or in parallel. Manufacturers tend to test
large numbers of storage devices simultancously in batches. Storage device testing

15 systems typically include one or more racks having multiple test slots that receive storage
devices for testing.

Current storage device testing systems use an operator, a robotic arm, or a
conveyer belt to individually feed storage devices to a transfer location for loading into
the testing system for testing. Other current storage device testers use a tote or a mobile

20 tote to load or unload multiple storage devices to a transfer location at the same time. A
robotic arm of the testing system retrieves the storage devices individually or in small

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

SUMMARY
25 In general, this disclosure relates to bulk transfer of storage devices to and from

storage device testing systems and transfer stations for storage device testing systems.



25In general, this disclosure relates to bulk transfer of storage devices
to and from storage device testing systens and transfer stations for

st orage dw0i2081/118386i ng syst ens. I n one aspect, &CIiUSe@EIO29VI Ce
transfer station includes a first location, a second |ocation, and a
conveyor assenbly. The conveyor assenbly is configured to receive and
support a plurality of storage devices such that the storage devices are
vertically stacked (e.g., within a columm) and in spaced relation to each
ot her. The conveyor assenbly is 5operable to convey the storage devices
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spaced relation to each other, and present the storage devices for

servi ci ngadkgdahé imspaosratctdionde bichexther. The comysyoy aatmpbly isoparidatal so

i ncludes_an output tra er station that is.caonfigured to receive.tested
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25devi ces for retrieval. Accordi ng to anot her aspect, a nethod
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20  station that is configured to receive storage devices, stock the storage devices in spaced
relation to each other, and present the storage devices for servicing by the automated
machinery. The input/output station also includes an output transfer station that is
configured to receive tested storage devices from the automated machinery, stock the
tested storage devices in spaced relation to each other, and present the tested storage

25  devices for retrieval.

According to another aspect, a method includes manually loading a plurality of
storage devices into a storage device transfer station; actuating automated machinery to
retrieve one storage device of the plurality of storage devices from the storage device
transfer station; and actuating the automated machinery to deliver the one storage device

30 to atest slot of the storage device testing system and insert the one storage device in the
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test slot. The storage device transfer station is configured to receive and
support the plurality of storage devices such the plurality of storage

devi ces awe a"impsmsned i n spaced relation to each ot her PCT/US2011/029391

Enbodi ments of the disclosed nethods, systens and devices may include one
or 5 nore of the foll ow ng features. In sone enbodi nents, the
conveyor assenbly includes a pair of continuous |oops arranged to receive a
plurality of storage devices therebetween. The continuous | oops can include
belts, wire mesh or chains. In sone cases, the conveyor assenbly can
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15 actuator that is arranged to advance a storage device at least partially out of the conveyor
assembly and at least partially into the second slot.
In some cases, the storage device transfer station can also include a feeder
conveyor that is arranged to assist in moving a storage device through the first slot.
In some embodiments, the storage device transfer station can also include a
20  detector and control electronics in communication with the detector. The detector can be
arranged to detect the presence of a storage device within the second slot, and the control
electronics can be configured to control movement of the conveyor assembly based, at
least in part, on signals received from the detector.
In some cases, the conveyor assembly is operable to convey the plurality of
25  storage devices between the first slot and the second slot under gravity.
In some embodiments, the storage device transfer station includes an electric
motor drivably connected to the conveyor assembly, and control electronics in
communication with the electric motor. The control electronics can be configured to

control movements of the conveyor assembly via the electric motor.



In sonme cases, the first slot is configured to receive storage devices,
e.g., one at a tine, froman operator. In sone enbodi nents, the
second sIwO 208/100386i gured to present storage devices, ePgT/USeoa/o2439n ti ne,
for servicing by the automated machinery. 5In sone cases, the second sl ot
is configured to receive storage devices, e.g., one a tine, fromthe
automat ed nmachinery, and the first slot is configured to present storage
devices, e.g., one at a tinme, for retrieval by an operator. In somne
enbodi ments, each of the test slots are configured to receive and support a

storage devi g JohRNSRQ! tHRirGAIItTE SshRuiidqb RALIVIRWIE& dQcel 8581 81kt 301 N sone
enbodi nents, the input transfer station is configured to recelve storage

devi ces, timegfrom@nepeiates. ti nme, directly from an operator. In somne
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In some cases, the output transfer station is configured to present tested storage
devices, e.g., one at a time, for retrieval by an operator.

Manually loading the plurality of storage devices can include loading the storage

15 devices one at a time into the storage device transfer station.

Manually loading the plurality of storage devices can include transfer the storage
devices into the storage device transfer station through a first slot of the transfer station.

In some embodiments, the storage device transfer station is configured to receive
and support the plurality of storage devices such that the storage devices are vertically

20  stacked and in spaced relation to each other.

In certain embodiments, a storage device transfer station can be used as either or
both an input station and as an output station. For example, an input station, once
emptied, could become an output feeding station, and vice-versa.

Storage devices (e.g., disk drives) can be stacked within a column, and drop to the

25  bottom, where they can be retrieved by a storage device transporter held by a robot
manipulator. Manual loading is simple, requiring an operator only to insert a storage
device in the same slot over and over again, until the column is full.

A similar method can be used to unload storage devices. A robot, using the

storage device transporter, loads the output drives in to top of an output column. When



mani pul ator. Manual |loading is sinple, requiring an operator only to insert
a storage device in the sane slot over and over again, until the colum is
full. WO 20 1si1pdsbar nmet hod can be used to unl oad st or age/usemil©2s91 A
robot, using the storage device transporter, |loads the output drives in to
top of an output colum. Wien the colum is full (or indeed at any tine),
an operator can renove the drives fromthe colum one by one, by hand.

A system could use nultiple input and output columms, plus a signaling
systemto indicate when a colum is enpty or full, to achieve maxi num

throughpgie Wiuhth & SEYERInded ﬁ{%ﬂ%é) ) Hﬁ‘e’?‘ratbpcdrpéﬁm% tHé-RRd ik €S- Because
the colum is so space-efficient, thousands of storage devices can be

queued i eolamnehaby vee,dydlahdspace. The use of nultiple output colums al so
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or addi t owpad doyumishscopimatppé-serding €eutbtiestenpd devifas dytthaf tebthesudsl umm 15and

| oad/ unl oad the storage devices manual in to individual slots, rather

! ly
than repetiti VOrageidgyises ¢rd beaaply|stackedrpn gachihsy @ad {edebyn@atf-or havi ng t he

el evat or adva . i (MalaENe ol I Ng.
Al ternativel yﬂgfgmgg\t’déld\f ?g%(g*t%@g ’ntgggﬂtoo aéi\gt)l ggsv%a%:[% @ghrpges}l?%eg?g%&gr om or
near 1¢ he(lotchrihgudestfbiea BGIboaml) sathdytdhaot winolh ocematcle poheothidie dangrm@r near

the top of the colum. 20 This can allow the colum to be greater than
human re%}’éﬁgb?aélaﬁGi"Vgﬁf“.’ltyto Stllﬂjﬂettg‘?ﬂlgfll"?/ F-or additionally, the drives can

be | oaded t Ogﬁlt&%ﬁtﬁ@@ Br A RHaBY R8Mrz8d bEIRANSRGL-t & gea@ﬂﬁvéxhﬁe&&&ot
mani pul at es the conbinati on.
can be used to move the storage devices.
Alternatively or additionally, the operator can see the entire front of the column
15 and load/unload the storage devices manually in to individual slots, rather than
repetitively into the same slot. This removes the need for having the elevator advance
between storage devices when loading or unloading.
Alternatively or additionally, the storage devices can be loaded from or near the
bottom of the column, and the robot can remove them from or near the top of the column.
20  This can allow the column to be greater than human reachable height.
Alternatively or additionally, the drives can be loaded together with a storage
device transporter, and the robot manipulates the combination.
Alternatively or additionally, the column can form a continuous loop, using a belt
or chain. It can be one continuous load or unload loop, or one side can be used for load,
25  the other for unload (only if the entire front is exposed, so the two sides can still be
accessed if they get out of sync).
Alternatively or additional, these methods can be used to load or unload storage

device transporters from the systems.



Alternatively or additionally, the colum can forma continuous |oop, using
a belt or chain. It can be one continuous |oad or unload | oop, or one side
can be usw020ar11bssad, 25the other for unload (only if tReTasRémMB293PDNt S

exposed, so the two sides can still be accessed if they get out of sync).
Alternatively or additional, these nethods can be used to | oad or unl oad
storage device transporters fromthe systens. Al ternatively or

additionally, these methods can be used in an automated factory, sinply to
provi de some queui ng or buffering between process steps. For exanple, the

manual | oadi ngjamdiw Q@Qd%ﬂ?aﬁ? R8s RRhEEAAN BY uBe LRANVMENRIM AL f20 g}
interface. Enbodi ments can include one or nore of the follow ng advant ages.

5Embodi nempdy ‘ofprevide sirse osen @ytmf@m;g bﬂmehmumce&m@bp@evpt@@ﬂum theel p to

reduce human rato it.time asso nd unl oadi ng

tor age aur B P Risbirel B pAEE GRS hldon SRR exanple, in

sonme enbodi MeRimbodigndats dﬁnhﬂﬂiﬁﬁdﬁﬂe%%&é angkeollShiak h@ntaRs.al | ow a human

operator to | oad/ unl oad %g storage devices into a testing systemat once,
1

t her éby fr eei Rabpdigcopafbodiseloscdsystompnroctheds. erddayicesisan help o redaer unl oad
oper ati Ofigyan operatof Wit Fﬁ'a&’?ﬂo‘éla Rﬁ 10%8 n%aa%d%?oga R £Qi@f ford more
I} 0p e an |gces.

opportuni nprove or age or exanple, if one
human opemcafrom d @adge daniye tsgtﬁrga@etedlemoe esaraple OinGemeenodinsadgy enulkal | y
during a single |oadin operatlon of limted duration, the nunber of

oppor t uniopi/aalopd tr?mf%%ﬁ@@ cop gHaye lwevinapcriade inadfunitrddnanyrsOrRee 1 educed as

1500@”&&1&9 1ﬁtg%%%?%g%g&%ﬂ%@(ojlfc%vih%?e%gg%%@%t 2 ré(toP%eﬂerﬁgr%ﬁe‘??Qﬁg peri od

of ti unl can al'so | ow
presalt|hgweﬁlba&hubaébpﬂagamdeV|ces into di fferent queues or containers.

I n sone enbodi ts, sed s t hods, and. devices can all ow
2" 2rge nunben i Bebpage’ ulr DRSS T g SPIREUA RGOSt put
20Sone eﬂT@%lthﬁ{gt sﬁJrég%VHeva:"es b%%xhﬁ@@fﬁne%nﬁh%@ﬁ?or%‘d&%i%t% sforébe into a

storage device testing system wthout the use of specialized totes or
ot her spéwiicsiarenrecogt a¢quentially during a single loading operation of limited duration,

the number of opportunities to introduce storage device presentation errors is reduced as
15 compared to loading storage devices continuously over an extended period of time.
A bulk load and/or unload system can also allow for presorting of output storage
devices into different queues or containers.
In some embodiments, the disclosed systems, methods, and devices can allow a
large number of storage devices to be queued for input and/or output.
20 Some embodiments allow for bulk transfer of storage devices, e.g., into a storage
device testing system, without the use of specialized totes or other specialized container.
In some embodiments, the disclosed systems, methods, and devices provide
means of achieving many of the benefits of a fully automated factory (e.g., reliability,
repeatability, and density) using a manual, yet bulk oriented input/output station.
25 Bulk feeding of storage devices can help to provide for increased throughput by
reducing the amount of human intervention.
Bulk feeding of storage devices can help to provide for increased throughput by
limiting the amount of human intervention to discrete and spaced apart intervals of time.
This can help to reduce presentation error by reducing the likelihood that an operator will

30 lose attention or focus over time, ¢.g., as compared to a system in which an operator
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In sonme enbodi ments, the disclosed systens, nethods, and devices provide
means of achieving many of the benefits of a fully automated factory (e.g.,
reliabiliwg2repembabi |l ity, and density) using a manual pCyatS2duiok9s3er i ent ed
i nput/out put station. 25Bul k feeding of storage devices can help to provide
for increased throughput by reducing the anmount of human intervention.

Bul k feeding of storage devices can help to provide for increased

t hroughput by limting the anount of human intervention to discrete and
spaced apart intervals of tinme. This can help to reduce presentation error

by reductdiginh&iR1y fek@d 1150 dbNaLs iR tREGFRIP(or Wihbyve3AlRas AkigRti on or focus

over tine, e.g.,” as conpared to a syst'emin which an operator continuously
f eeds st bemfondevicaseitendsd phrodyistiraen (or renoves storage devi ces

therefron) ovgr,an extended perjod of tine. . Bul k ui pg/ st ocki ng of
storage devi cBuled My SERng o toee sxic i v SERk SrTHRLRY 4Bt 11 zati on
of spaceeffigict utilf AG6P6YspatOQ . SRB®E) flo&rphe)). aspects, features, and
advantages are in the description, draw ngs, and clains. DESCRI PTI ON OF

DRAWNGS FI G Other gspgctseficatyeast dndeadypetpgesfarainsthe desgepenideavings ehdg syst em

FIG 2 ig,8,perspective view of a test slot assenbly. 10FIGS. 3A and 3B are
perspective views of a transfer (input/output) station. FIG 4A and 4B are
side and top views, respectively, of a storage device testing system FIGS.

5A and 5B are perspective ﬁﬁ‘&%lﬁﬁb‘%’ﬁﬁi&ﬁ\)’é? transporter.

FIG. 1 is a perspective view of a storage device testing system.
FIG. 2 is a perspective view of a test slot assembly.
10 FIGS. 3A and 3B are perspective views of a transfer (input/output) station.
FIG. 4A and 4B are side and top views, respectively, of a storage device testing
System.
FIGS. 5A and 5B are perspective views of a storage device transporter.
FIG. 6A is a perspective view of a storage device transporter supporting a storage
15 device.
FIG. 6B is a perspective view of a storage device transporter carrying a storage
devices aligned for insertion into a test slot.
FIGS. 7A and 7B are perspective and top views, respectively, of a storage devices
testing system including a controller.
20 FIGS. 8A and 8B are top and side views, respectively, of a storage device transfer
station.
FIG. 8C is a cross-sectional side view of the storage device transfer station of FIG.
8 A taken along line 8C-8C.
FIG. 8D is a cross-sectional front view of the storage device transfer station of
25  FIG. 8B taken along line 8D-8D.
FIG. 9A is a front view of a conveyor assembly.
FIG. 9B is a top view of a conveyor assembly.
FIG. 10A is a detailed cross-sectional side view of a first slot of a storage device

transfer station taken from FIG. 8C.



FIG 6A is a perspective view of a storage device transporter supporting a
storage 15device. FIG 6B is a perspective view of a storage device

t ranspor two 20ew1yi8ng a storage devices aligned for insePCirars20mioeo3al t est

sl ot . FIGS. 7A and 7B are perspective and top views, respectively, of
a storage devices testing systemincluding a controller. 20FIGS. 8A and 8B
are top and side views, respectively, of a storage device transfer station.
FIG 8Cis a cross-sectional side view of the storage device transfer
station of FIG 8A taken along line 8C8C. FIG 8D is a cross-sectional

front view of Ffd"@oﬁt@é 2881 ARMb&LsLAANS FiBht wERIramir@fsidt o Flsera %e‘izﬁ%e” al ong
line 8D-8D. FIG 9A is a front view of a conveyor assenbly. 9B is a

top vi ewrafsfa staoinn égken ﬁ@;ﬁsEIﬁJISP FIG 10A is a detailed

cross-section e vi first sl.gt of stora e transfer

station takenﬁfq'i??g e‘@&?dcmss sectio ?gaeﬂ?@/?af Sgc%(gi?tlg g Y8=%- sect i onal
front vi @Wi@bftra%sfdrﬁt%hoﬁ{a%n ﬁBnﬁFI@ grage device transfer station taken from
FI G 8D. FIG 11A is a detailed cross-sectional side view of a second

sl ot ©f a st of¥gélBevi éetailgdgiassescctiaryd front view of apecond slotof 86toraE| G 11B i s
a detail gd;crQ88es §GHOLPRR bRy gBW Of a second slot of a storage

FIG. 12A is a detailed cross-sectional side view of a second slot, of a storage
device transfer station, including a pedestal.
FIG. 12B is a detailed cross-sectional front view of a second slot, of a storage
10 device transfer station, including a pedestal.
FIGS. 13 A and 13B are perspective and top views, respectively, of a storage
device testing system having a cylindrical layout.
FIG. 13C is a perspective view of the storage device testing system of FIGS. 13A
and 13B, showing a lift (with test racks removed).
15 FIG. 14A is a perspective view of a storage device transfer station.
FIGS. 14B is a cross-sectional front view of the storage device transfer station of
FIG. 14A.
FIG. 14C is a cross-section side view of the storage device transfer station of FIG.
14A.
20 FIGS 15A and 15B are cross-sectional side and front views, respectively, of a
storage device transfer station including a motorized conveyor assembly.
FIG. 16 is a cross-sectional side view of a storage device transfer station including
a displaceable (elevating) pedestal.
FIG. 17A is a perspective view of a storage device transfer station.
25 FIGS. 17B is a cross-sectional side view of the storage device transfer station of
FIG. 17A.
FIG. 17C is a perspective view of a conveyor assembly of the storage device
transfer station of FIG. 17A.
FIGS 18A and 18B are cross-sectional side and front views, respectively, of a

30  storage device transfer station including a motorized conveyor assembly.
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device transfer station taken fromFI G 8D. FIG 12A is a detailed
cross-sectional side view of a second slot, of a storage device transfer
station, wochudiipigéa pedestal . FIG 12B i s aPdefskéied29391
cross-sectional front view of a second slot, of a storage 10device transfer
station, including a pedestal. FIGS. 13 A and 13B are perspective and
top views, respectively, of a storage device testing system having a
cylindrical |ayout. FIG 13Cis a perspective view of the storage
device testing systemof FIGS. 13A and 13B, showing a lift (with test racks
renoved) . 15FF1@} lé‘ﬂfa br%s@sé%ﬁ[n%é?%ﬁite'w&w YF £WoRlze AcPLONRGSrdeN oRSndIhARST er
station. 4B 1s a cross-secti onal front view of the storage
devi ce t%dﬁslfaefrablft(atelvmng)fpeﬁsal 14A. FIG 14C is a cross section side view
of the storag]; evfl ce transfer f}tat G[o 7\151 Y. 1 JfSA and 15B are
cross- sect i onHI<CLFGERSHITPRURE D LHous, é%vﬁlélg? K, fe 4" r age devi ce

transfer station including a notorized conveyor assenbl y. FIG 16 is
a cross-sectional side view r i transfer station including
a di spl aceabl e (el evati ng) p@ialglﬁﬁﬁ ﬁg%}ﬂiﬁk‘fég a perspective view of a
storage device transfer station. 25FIGS. 17B is a cross-sectional side view
of the storage device transfer station of FIG 17A FIG 17Cis a

perspectﬁyﬁéemi()ivx@rmwa conveyor assenbly of the storage device transfer

station of Fi g‘s shlo7w'61‘1 in FIG. 1, a storage device testing system 10 includes one or more test

racks 100, a transfer station 200, and a robot 300 that is operable to transfer storage
devices 600 (FIG. 6A) between the transfer station 200 (i.e., input/output station) and the
10 test racks 100.

A storage device, as used herein, includes disk drives, solid state drives, memory
devices, and any device that requires asynchronous testing for validation. A disk drive is
generally a non-volatile storage device which stores digitally encoded data on rapidly
rotating platters with magnetic surfaces. A solid-state drive (SSD) is a data storage

15 device that uses solid-state memory to store persistent data. An SSD using SRAM or
DRAM (instead of flash memory) is often called a RAM-drive. The term solid-state
generally distinguishes solid-state electronics from electromechanical devices.

Each test rack 100 generally includes a plurality of test slot assemblies 120. As
shown in FIG. 2, each test slot assembly 120 includes a storage device transporter 400

20  and a test slot 500. The storage device transporter 400 is used, ¢.g., in cooperation with
the robot 300, for transporting the storage devices 600 between the transfer station 200
and the test slots 500.

Referring to FIGS. 3A and 3B, in some implementations, the transfer station 200

includes an input transfer station 210a and an output transfer station 210b. The input

25  transfer station 210a includes a housing 212a, a first slot 214a, a second slot 216a, and a
status indicator light 218a. The first slot 214a is configured to receive storage devices
600, ¢.g., one at a time, from an operator. The received storage devices 600 are stocked
in bulk, e.g., in a vertical stack and in spaced relation to each other, within the housing

212a. The second slot 216a is configured to present the stock of storage devices 600,

9



FI GS 18A and 18B are cross-sectional side and front views, respectively, of
a 30storage device transfer station including a notorized conveyor

assenbl y.w02011/1195861 G 19 is a cross-sectional side viewCofusaoigersage
device transfer station including a displaceable (elevating) pedestal. Like
reference synbols in the various draw ngs indicate |ike elenments. DETAILED
DESCRI PTION 5 System Overview As shown in FIG 1, a storage device testing
system 10 i ncludes one or nore test racks 100, a transfer station 200, and
a robot 300 that is operable to transfer storage devices 600 (FIG 6A)

bet ween &Qeoﬁé Qtrh'stfuﬁé ot mleﬁg%gqhéfob@t 300. MR A Rbicafk BbhOgaand the
10t est racks ) A storage device, as used herein, includes disk

drives, Bnomdds stvauel iddicgtea, egem)myomwoaﬁ thmusm@/thdmpuwamsrﬁmstatleqw res

as nchro est i va | i.dat i |ve erally a .

monvol at e Fof Shiride B e i g aP R R ks ot 4 api 0ty
rotati ngcqbrt i ghﬁ(evg tﬁmmeéﬂtﬁwﬁéﬂth%%spaée $tlond 08 hidkr€adififivel ét&%@% is a
dat a storage 15 device that uses solid-state nmenory to store persistent

dat a.5 Ands3pEs §89 Hythsmamt gendrANatians0aadis-ofo ©plgsish therirol) is often called a
RAM drive. Theyt &Et tst Wl § t%ﬁ‘&?zﬂﬁ)”ag&%k%dgé éﬁé&%‘é@'ﬁﬁ? AR kide ftzr%

el ectronics fron1e romechani ca Vi Ces. ac est rac
gener al Isecbmtd;ludklssbaarpj aistadub indifortlght 2 Mot Thassemal sl@2 162G coﬁﬁgﬁﬂ&d\wl in
FIG 2, each test s|lot assenbly 120 incl udes a storage device transporter

400 20 aﬁ’&eléie ptesaee deyicessyly, e@h@ng%% e, Hitherobpii{ih obhedpcaany Saagised,
€. g. %b@%fe%%‘g&&&hﬁ d ObRL, &’e@{?ealgﬁgk ﬁcgfﬁfsﬁ%etd'rgﬁns fo &kRrage

devices 00 et ween t transTe station an e test slots 500
Ref era i ngthtn with@3he B3dusamgl2 BB, ofithe ewtpet trampfoe senivmf 1 @nsThet fivet dotadridb ef station
200 the output transfer station 210b is configured to present the stock of storage devices 600,

¢.g., one at a time, for removal (e.g., by an operator). The status indicator light 218b

provides a visual indication, e.g., to an operator, of the status of the output transfer station

210b. For example, the status indicator light 218b can be configured to light up or emit a

15  colored light (e.g., a green light) when there are storage devices 600 (e.g., tested storage

devices) that are ready to be retrieved from the output transfer station 210b.

As shown in FIGS. 4A and 4B, the robot 300 includes a robotic arm 310 and a
manipulator 312 disposed at a distal end of the robotic arm 310. A detailed description of
the manipulator and other details and features combinable with those described herein

20  may be found in the following U.S. patent application filed concurrently herewith,
entitled “Transferring Disk Drives Within Disk Drive Testing Systems”, with attorney
docket number: 18523-073001, inventors: Evgeny Polyakov et al., and having assigned
serial number 12/104,536, the entire contents of the aforementioned applications are
hereby incorporated by reference. The robotic arm 310 defines a first axis 314 (FIG. 4A)

25  normal to a floor surface 316 and is operable to rotate through a predetermined arc about
and extends radially from the first axis 314 within a robot operating area 318.

The robot 300 can be disposed on a guide system 320. In some implantations, the
guide system 320 includes a linear actuator configured to move the robot 300 adjacently

along the test racks 100 to allow the robot 300 to service test slots 500 of more than one

30 rack 100. In other implementations, the robot 300 can include a drive system 322
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includes an input transfer station 210a and an output transfer station
210b. The input 25transfer station 210a includes a housing 212a, a first

sl ot 214ayvoaoseinessd sl ot 216a, and a status indicator |ipgmtus2a8a293The fir st
slot 214a is configured to receive storage devices 600, e.g., one at a
time, froman operator. The received storage devices 600 are stocked in
bulk, e.g., in a vertical stack and in spaced relation to each ot her,

wi thin the housing 212a. The second slot 216a is configured to present the
stock of storage devices 600, e.g., one at a tine, for servicing by the

robot  30QnfiblIfdsh #iddS thdvdbsAo albi IRt oRikBAyREABLEE FoPebinii@lnd foBbcat i on,
e.g., to an operator, of the status o# the i nput transfer station 210a.

For exanplkemay hempuated oniardil systam 324 ghd the 1Bixve sptieth 822 amfvicg theardbatd00i ght  up
or emt col,ored 1igh erl: » - ello i gh wh here i s ace for one
or nore ot PROR TS paterByte ¥6an a2y waThE PR {OE AR B RORET on 2208,
e. 9., tomhgRpt@MBsdatd@uRipRCiobots, for exati§le QY tsBport &igRs Bt @trhdkR 1838 al so

i ncl udes a housing 212b, a first slot 214b, a second slot 216b, and a

st at us i tedivetheraedycedhg arpa stvicqthby sechigrbotsi0ftto meetsse ireushppigandéd to recei ve

st orage ] 0 . at atime, fromthe robot 300. The received
st or age géh%gﬁagﬁgogggggFggﬁgﬁ'in bulk, e.g., in a vertical stack and in

spaced rel at i Dhe tobottaaii 3 0Dishenfigwed b ndéfuddaalisiendc2dah tat sloh800obit put
transfer station 210b. The first slot 214b of the outgut transfer station

210b is EwMieHEE earass deyiesetft) hehcantbe kpyt traisbr ajdioneleand Bodest Boks , one
at a tlng flﬁrpaftf:cm\‘,atke I(rcﬁl Yc arrﬁ%l@% &gﬁgﬁliegrté ren] Qi@ asstt@rtaéksdév%y cator |ight

218b provides ‘a visua I cation, e. an operator; of the status of
t he out pugnspoersfodrfret atd ofthe t@i dbts SP0 withxtheplasjpuldher Hi2athas piakdipcat or | i ght

218b can be caqnf.i ed to |ight r em,t .a 15colored.light (e.qg., a green
L ont )  nreef Ay M Eiandnd s 30 YR Lloaghtic fog PSR S Dkt e 2e3)
that ar estbt%@é' Hevile Qéhsb@ﬁéﬂ @V),eéildf theMdnbia tl‘Pé%t@Mée Hé@E@ﬁzﬁfsp&&&WO@!‘w%Qb-

As shown in FIGS. 4A and 4B, the robot 300 includes a robotic arm 310 and a

mani pul astorag@devigk 6ibibertimto thedess slat S@htpr edstingef thebstarigs deviee®900. Aftedet ai | ed

descriptjon of, the manipulator and ot her details and t ures .combi nabl e
weh t holsS Tt DR REP SRSt van e Sl R P 1B e SR ot ant
appl iat ippofted aerag®aeHES 60T, pnheicayithdrcstdts 5O@End bhans & thergedadsk Dri ves

Wthin D sk Drive Testing Systens”, with attorney docket nunber:

18523- 0790021 6bjok fheruipw: trapyigesigtiqmol BKeymevesdf to, angkher RagPige festslgied seri al
nunmber 1 : ' enafore i O i cations
e her s Ay A bt HEREPILAR! fyfpol BROBELEAGHE T RRRY' 27 POy
axis 31431H/ G 4A) 25 normal to a floor surface 316 and is operable to

rotate through gmfredeternined ar.c about %gd-extends radiaIJy fromthe
first axis 31BciwingtA FéGﬁo%tan‘éégr%‘PiSWéagér yicg fignsporter 400 includes a

20  frame 410 and a clamping mechanism 450. The frame 410 includes a face plate 412. As
shown in FIG. 5A, along a first surface 414, the face plate 412 defines an indentation
416. The indentation 416 can be releaseably engaged by the manipulator 312 (FIGS. 4A
and 4B) of the robotic arm 310, which allows the robotic arm 310 to grab and move the
transporter 400. In use, one of the storage device transporters 400 is removed from one

25  of the test slots 500 with the robot 300 (e.g., by grabbing, or otherwise engaging, the
indentation 416 of the transporter 400 with the manipulator 312 of the robot 300). The
frame 410 defines a substantially U-shaped opening 415 formed by sidewalls 418 and a
base plate 420 that collectively allow the frame 410 to be used to retrieve the storage

devices 600 from the second slot 216a of the input transfer station 210a.
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The robot 300 can be di sposed on a guide system 320. In sone inplantations,
the guide system 320 includes a |inear actuator configured to nove the
robot 300wadpacamisby al ong the test racks 100 to al |l ow Prhg/useden2890 to
service test slots 500 of nore than one 30 rack 100. In other

i npl enentations, the robot 300 can include a drive system 322 configured
to nove the robot 300 al ong the gui de system 320. For exanple, the robot
300 may be nmounted on a rail system 324 and the drive system 322 noves the
robot 300 along the rail system 324. The gui de system 320 may be scal abl e
(e.g., in |ength)ysapdd MRyIGE CATROGE Svittbdd iife £t8ﬁ%& 3@V1E&r60@)iﬁ‘mlc@ to
support either |onger test racks 100 or 5 to furthér reduce the area

servi cedwmnnehc framo4a0, tB@@tomge|dnmeag@spbﬁ¢m4mdﬂheaﬁdvag¢ devcodifbdat e

shorter n 0 is configured t

" ndependiats S5 e edbying whpts R SO IR T v &AL B 058P et ces
600 bet weems|th800.MPRYE mhhipBRice3 13 (BIG. an) 2514150 adidiguhel tb@rﬁhat%%@ﬂﬁﬁtld{p@fa I'n
particular, the robotic arm 310 is configured to renbve a storage device 10

t ranspor ¢ lampipgangchamsms Oskispoes indkg stetage ée\sgﬁt)trWSPWftrW@OrrEmsmﬂoavt50r 312,

then pi Céﬁct@‘a‘hto% o?tﬂ%lcg%ﬁ%gg et%ﬁanqg’rﬁ 4%6‘89%0% fhe J3fHS e?h&} 06‘%88% | nput

transfer ion or ag evi ce ans or then

return tive 3100Hhapetcsendtc®O s ﬁfhﬂﬁombedfmé'tﬂ Qf thal ditk c&n&t@)loagland@w the dﬁﬁo
therein, to the test slot 500 for testing of the storage device 600. After
test i ng, I¥¥relranspRtar 08 duing theraeye &g te Wéerél%fﬂh‘ij‘é tepbIPE80Q: thenspor t er 400,

al ong W ] gﬁ&&@ﬁ %&PQ%&@Qctﬁ&tQ J%Qﬁatﬂﬁﬁ%ﬂgecg%gtrﬂhg@m RGsOeldik drf3t slots

500 and returns it e secon ot 2 e output transftfer station
210b1q or 60fowakinithe framardd® h&hisaHewsfortiherticesdf th¢ stomgb @Ahspoytendltl jotd at i on of

the stora vice. tr r 400 | at r 312).

Rorerr 1 nae Iy e l@ﬁﬁﬁgﬁl@feﬁawﬁ@ggﬁ%@ém%@.%%%%%&Eﬁg&?e 190+ nel udes
20 fr aﬂeeréghgs o ded skok Wploﬂge fé%&k}@dlth%f@nﬁ@ inhThembt &iBntdtehd Ashidesi@ face
plate 412 shown in 5A, along a first surface 414, the face plate

412 defi mwpmﬁen%é}eﬂl@‘am t@rthelmst SIqHRE0; el swhaipbementBionaronie thestterageabl y

engaged .t ul at 31 ) robotic arm 31
ot al ToSiss pde PUBR ARG R Babboi MRS st e CBrichebkufisRbo. i n
use, 1@ne4wlstehgag&a@gawe devi e rhiapsipoF B €2)%o 46Hibit Snovemewest the aptagne 250f
the test slots 500 with the robot 300 (e.g blé grabbi ng, or otherw se
engagi ngdevigseranspratar 409 sefativego dlie Eﬁélqtﬁﬁﬁs%?? mpaooefithe sorage daeiag pul at or

312 of t t ped
openi ng Q%Igbgoér}rﬁgﬁqg%/hlgl Egl\}\%lcﬁﬁﬁiﬁég Q@Eé O%gastlgn% I?I]iegat%tg?% ha %%% ectively
al | ow t héestiiption ¢ftbe tlampgusathahiomr450randveher detadls aidgetues\woadsnabl0 from t he

second sl o 216 of _the input tr nsfer st on 210a. As i|lustrated in
FI GS. eAwahahOéB ey iprd B«?{émd?flawe e imihe i @iwleéy %G@tqnﬁalﬁr &e*éor\l/ﬁfeﬁl n the

frang, 419ecem%r§§020®9 HGB@IE%}?IWTIQAN%@%@“%E M fo Aﬁgﬁadev' ce 600

t oget her can be noved otic arm 310 cenment within
one of tHESTREG” sttaattoSﬁ)@' do'EhenmmheleISéﬁb%m (IﬁbﬁorsclBhanMafcsmet(}dnfi gur ed

to initiatg actuat.ion, of C i hani.sm 450 di.sposed in the storage
dovi ce. i Briengris i TV R G R P TR SRRy hechan: Sm 450
bef ore t hgchy AOSHOFA&QS by Q& réccmoved fromthe tote 220 to the test slot 500

to inhibit novenent of the disk drive 600 relative to the disk drive
transporter 4Bofeging tad'T6Re7 Araoé 7Bpmi sometimplansatatioon thadiskhdrivetssting ot 500,

t Eg n| E u at g(g al‘rs)’o1 12nc hidds atgl%élsig ofie E:ou %ro?le} Pﬁ) Fe irnrfJ%tiIrlrge 89\%9&5&%450 to release
cornrnumcates with each of the test racks 100, the transfer station 200, and the robot 300.
The controller 130 monitors the status of the input and output transfer stations 210a,
210b, and can coordinate servicing of the test slots 500 by the robot 300 based, at least in
part, on the status of the input and output transfer stations 210a, 210b.

30
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10600 within the frane 410. This allows for insertion of the storage
transporter 400 into one of the test slots 500. The cl anpi ng nmechani sm 450
may al so wWe 20onfipipar ed t o engage the test slot 500, oncecCrasein@epherein,
to inhibit novenent of the storage device transporter 400 relative to the
test slot 500. In such inplenentations, once the storage device 600 is
fully inserted in a test position in the test slot 500, the clanping
mechani sm 15 450 i s engaged again (e.g., by the manipulator 312) to inhibit
novenent of the storage device transporter 400 relative to the test slot
500. Thergh3PiRSutDutbils sekighage device transporter 400 in this nanner can
hel p to Teduce vibrations during testing. A detailed description of the

cl anpi ng nechasimentiasgl shode, shdeanstietstitios 280 chclusizs thegspw drebbiangshieonni t h t hose

descri be d.in Wi tent. application

1 ved 207 KR S Gt 3t Ve TG By MR TR ARRANET NG Ao
TESTI NG' outlvﬂtlttti’thFeIr NGy 2 tRcdeathaéiie8hme L8R8 Badtlion] PyEHlaaipls, FBGEAN
Merrow et al. nd havi ng assigned serial nunber 11/959, 133, the entire

cont ent s8/f81 ﬂlelswtﬁ elragsier Hatianpil O thwop@rtmlééd Byan @pak Eanster SREPRI ri ng t 0
FIGS. 7 t
S oA 4 o B L RABIE TR LR 5 Sogfitidusdrgng 2peyst em

conmuni catlest metahelﬁmﬁnre)fwmhaeﬁtseslbtzalclbangl&@posbdhelohg ansfteurfa¢ead isaof 200, and
the robot 300.. The controller 130 nmpnitors. the status of the input and

out put t EMSPHERE 4 ht ThenkrsbsleR? [4fupgiions gyiap Hicr&ss bafYeaR 8N BT .a%thaf the
test sl Ofrénsﬁggtah%n@?@ A%Q (%nd?’s@(q ﬁ@%@&sp%%%laﬁ)ﬂgta E(gbn %ﬁfface%ﬁﬁ&qhét atus of
t he i nput and output trans stations a, 15 . Transfer

(1 nput / Cudysintg)2 13t dthiesecond slot 2A6 fmmnbnmemi 1afedues bdtiveert thansfoe 80@ it i on 200

i ncl udes_the input .transfer st 10a and,the out ut tra station
D0b. Both TEHer i § o iraed b oG BReRaly SO puESETRRRS ot art on
210b canThavshviERG 3@ Qﬂ@ﬁ%&v@Q&ﬁfﬁ&%&hﬁ eﬁ@%c&%ﬁ@?h&haﬁhﬁ§cﬁ§%ﬁ 8D
illustrate a transfer station 210 that coul§ be used as an input transfer
st ati on andyperatesstognnaytthestoragadsyices @i0dichween thih&rst padhsdcend slottZ1dn 210

i ncl udes ﬂ3h0u5|ng 212 (e.g., a sheet netal enclosure) with a first slot
214 belna di sposed al ong a first surface 215 of the housi ng 212. The first

sl ot 1214 funchk oisve FGS. PASKH I tHeoweefor agkcaper 2hMinclates 4 halld pasf er
station 210. A second slot 216 is disposed along a second surface 217 of

the 10 hefesinHguausloopsid] gaé emirralityof hmged phdormnid2lsEach of theaplptieiasbet ween

t he robo i ousi ng 212
o"a contynraEc HBFpbBR22 S S bRty « oBRIRGHLOhOLR 16T S O e

st orage 2AENianés s&dfd psuivh 223b chas ks [yvotule cormpctcd pethatfies poeticnolDdey Thhe

stor age deV|ces 600 bet ween th first analsec nd slots 214, 216. 15As shown

in FI GS. higgedplatfoms %%%élr%%wy i BAEHHR iNgin o daesp1ateramsA 22¢pn pa r

20  receive and support a storage device 600 between the loops 221. Consecutive pairs of the

platforms 222 are spaced apart from each other along a length of the loops 221 such that
a plurality of storage devices 600 can be supported and maintained in spaced relation to
cach other along a length of the loops 221. The spacing of the storage devices 600 can
help to prevent the storage devices 600 from rubbing against and scratching each other.
25  The loops 221 can be belts (e.g., plastic or rubber belts), wire mesh, or chains. The

platforms 222 can be formed from metal (e.g., sheet metal), or plastic and can be
connected to the loops 221, e.g., via adhesive, welds, or hardware (e.g., screws).

The loops 221 are mounted on rotatable spindles 224, which allow the loops 221
to rotate and thereby convey the storage devices 600 between locations along the length

30  of'the loops 221. A pair of the spindles 224, each associated with a corresponding one of
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of continuous | oops 221 and a plurality of hinged platfornms 222. Each of
the platforns 222 includes a first portion 223a that is connected to a

corr esporipreglionessef the | oops 221, and a second porti oRCZABROM 24391 S
pivotally connected to the first portion 223a. The hinged platforns 222 are
arranged in pairs such that each pair of the platforns 222 can 20 receive
and support a storage device 600 between the | oops 221. Consecutive pairs
of the platforns 222 are spaced apart from each other along a |l ength of the
| oops 221 such that a plurality of storage devices 600 can be supported and
mai nt ai ngd 1ddhs DO ACE dril MIRLbH A 188 Btk dGhotat ?Z'Bg(e% | R PpBr RbtdrMiala0OPS

221. The spaci ng of the storage devices 600 can help to prevent the storage
devi ces @O® tFaina2é.uBbicrningigdilsPBathd dswe a’tamkﬂ%gn(éadﬂs aqrakrent drigg $hedts| oops 221

ot or e 25 st B Rl e R s B Bn Rt B PR G o ana

can be corRaguesidé,ahé bigfek@@RF2B2E drifalfly coicdteddh 8SdhUs th\@lielsshafg 24mAr dwar e
(e.g., screws). The | oops 221 are mpunted on rotatable spindl es 224,

whi ctf al viewghhengloggsss 2291 @@thedtlﬁttéld&n@etdhf&r@mﬁl edhisediivahly conaecigsetodevi ces
600 bet "‘@%%ﬂ P RIS akP 5| 39 sthQ 238%%521%% srgiﬁdf%??% of the

spi ndl es each assocrl a e Wth a corresp oops 221, is
dri vabl ytheaupheks édvd teainn2el ehe moeormS@gelaaﬁca(lgz @nne@cdtoappaol not or) via a
drive traln 226. Referrln(% to FIG the drive train 226 includes a pair
of dri veclgFEamics 233 pvhighyeqyt @éﬁ%&tﬂwfﬁbemw&@%c. ated one of the spindles

224, and a_di REGRAMbaIGE2FA Y 168 AR hflfn HReudiTlherential 228 1

drivably connect o each e drive s ts 22 VI a right angle gears
229. 10On fchdericoputyos 28l ,a firbtedetkickdreBdndndad f1i2PBndas adnatoali y(ceprmedtdned)t o a

shaft 23Q, of the electric notor 22 Rot ati,on of. t he hft O dri.ves the
spi ndl es 828 VLT AFASE wEh 81»@.%%@&? A S92 JRECIREENGBE0 %Oféﬁ%t{?l}sf?fal ly

connect egafiéh mn twgén lcaGk bR mp% tramrer¥toR 230N kK %er%ﬁml imR&t @kt dpe not or
225. Referring t GS. 10A and 10B, associated with the first slot 214 are

a first d@@cef@@deﬁo tb@ﬁméyloﬂlZ‘BSA phurtlity of wheels ot ollep32B6 %{ﬁﬁroalldedroslta | i near

actuat or, 235 evi si.st t he venent of
S orage. B80T sirficf 237 Be AR B4 VERE of1FY RS2 BRBhs o G AR e o
an i nput ichg@RFhRY fiist abt DA Wikt siidifP eiBpREntiMl lylsclabsheiot bottost irfges sfevi ce 600
into the first slot 214. A plurality of wheels or rollers 236 are provided

on a | owdie suggeatesiceg 0 Thanfarst feedar conpiyopidd ishspepedatilentt Rarbelliges devi ces
600 t 4 d
SO0 T ARSI b, Ll L o

first feetkmthofiweylor2PB3 is disposed at |east partially within the first
slot 214 and |s 05|t| oned to c¢ontact top surface of a storage device 600
within the fifag R et gredereenvengs 2 getertl gelgeideondiysoic 233 (§&ndr B i ncl udes

2, e RLRaf(208. 2308, EREPERRONGI, 18} D] R5,2709 cofRy 879, 2 motor

240 (FI G y connected to a first o the spindl es
239a. Thﬁrsm)mémf tﬁdﬁpmd;lee]nﬁat rliheahdtyr 24Hhinebcadtatly ponmdtedmmtand lcomtebllpd, t he

SR L e R G RN NN NI
238, whi gl drpagléd BAEMe drive belt 238 and movement of the drive belt 238, which is driven
by the motor 240 via the spindles 239a, 239b, assists in moving the inserted storage
25  device 600 through the first slot 214 and into a position within the conveyor assembly
220.
The first detector 234 operates cooperatively with the control electronics 232 to
monitor a position of a storage device 600 passing through the first slot 214. For
example, when the transfer station 210 is employed as an input transfer station 210a, the

30  first detector 234 is used to determine whether and when an inserted storage device 600 is
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by the notor 240 via the spindles 239a, 239b, assists in noving the

i nserted storage 25device 600 through the first slot 214 and into a

posi ti on wot2hir1p3se conveyor assenbly 220. The fi Pst/usetieosp1 234
operates cooperatively with the control electronics 232 to nonitor a
position of a storage device 600 passing through the first slot 214. For
exanpl e, when the transfer station 210 is enployed as an input transfer
station 210a, the 30first detector 234 is used to determ ne whether and
when an inserted storage device 600 is fully seated within the conveyor

assenbl yadig.scdtBd Withih 898k Eyol 8erhblfy S0, ILHBECERhd2a1 HURR1ROSk khioped to
detect whefher a storage device 600°is disposéd within the first slot 214.

| f, baseposgronsi mméettsctrwi@élevedtorrag@rﬂem@e 600 nsdisphecdwitbm thadirstsloe2 tbnlfr ol

et OThEgy B R U BB AT So B bR T

storage gavintife B3P Lora2edbvic&60d isrpokitish&d wakth. thd Ayt flof 314, det @6t REd#34 can
i ncl ude one or nore sensing devices, such as opti cal det ect ors and/ or

el ect onexart@aP isdiiveaHegdvance the siag devige 6q0ﬁbmugh&tqfa1sbsl0t2235 ilepr ovi ded
f h d int
[or PUshERGALAGA0% HEXRAGT: G Sths S SRULSIBN aBRERPALeRR0, 200 1 o

out put tm&ﬂaﬂﬁmn&hﬁ%hmmmﬂ1®bdx%bre specifically, the first linear actuator

235 is positiogned to engage a_storage device 600 that is s%ﬁgorted in the
conveyor assehbt {jrspboear ﬁcfaatﬁbéﬁ SO Hfsklor pyshing Hereae devdces 0ot gk thg| ot 214

and to agyapcs #i&%bb;%?g(ﬁgx‘?daftﬁw{h%%ﬁ%%téh | G hs Qﬁ&{fh@'t Msf@#&tatfcg n 3MKs

conveyor assenb east partially into the first slot 214. \Wen
t he unntmmﬂaabaqmtnmu@ssﬁ&@nZQDh bhmmumxﬂhhﬂpﬁhmﬁhhhnﬁwaﬂmM@tzﬁ%mector 234,

15determne.that a stora evi ce has been advanced into t st sl ot
220 oty iEd fo Sra h SR G5 S 400 Bl A yRr St S PR eo iy s 240,

storage FeMpdRiAUILiy %g&nt ’EbGthE ﬁ&sﬁfslo%bm artdLth a.fdemredh@steﬁge Hiage bdb Whi ch a
portion of the storage device 0 extends outwardly fromthe first slot 214

f or renostdeast pargally bnyc ﬁmm@mwammasserzéﬂ:e?-m anyl atdeast mtlallbmtqatrhd firgtBlot

eon et b B oRERANC DuRh 282 i P ERRAT, P TR GRMGRE, 205 o

Thes ¢ deydte@sin@st 5btoWigk Actioe c0PNBBREA ad®fanséDmadedeitistrS 1HQ0e finto and/ or
out of the transfer station 210 through the second slot 216. The second

| i near ateediitcony@@s23Xispetiptaddel fyrdier pdigtca iestapgadevirs\i00dkroggnthsut of t he
conveyor g f’%f §1§{7Pﬂ4yt5%9d ApSkididit R Wil §§&%Q oﬂh%tstcﬁgrgq[ clieosvgc%%o%sexwﬁﬂé‘ the

transfer 1'on used an 1 nput trans
outwardly from the first slot 214 for removal, e.g., by an operator.

Referring to FIGS. 11A and 11B, associated with the second slot 216 is a second
20  feeder conveyor 241, a second detector 242, and a second linear actuator 243 (e.g., a
solenoid). These devices assist with the movement of storage devices 600 into and/or out
of the transfer station 210 through the second slot 216. The second linear actuator 243 is
provided for pushing storage devices 600 out of the conveyor assembly 220 and into the
second slot 216, such as when the transfer station 210 is used an input transfer station
25  210b. In this regard, the second linear actuator 243 is positioned to engage a storage
device 600 that is supported in the conveyor assembly 220 in a position directly adjacent
to the second slot 216 and to advance the storage device 600 at least partially out of the
conveyor assembly 220 and at least partially into the second slot 216.
A plurality of wheels or rollers 244 are provided on a lower surface 245 of the

30  second slot 216, which allow storages devices 600 to move along a length of the second
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25210b. In this regard, the second |inear actuator 243 is positioned to
engage a storage device 600 that is supported in the conveyor assenbly 220
in a posiwDanidiipaset | y adj acent to the second sl ot 216 a&ad/useoiadysnce t he
storage device 600 at |least partially out of the conveyor assenbly 220 and
at least partially into the second slot 216. A plurality of
wheels or rollers 244 are provided on a | ower surface 245 of the 30second
sl ot 216, which all ow storages devices 600 to nove along a |length of the
second slot 216 without sliding and potentially scratching bottom surfaces

of the s{ior agay Ry Qﬁcﬁng%’d p&@ﬁia@l@%@ﬁ%hﬁw{oﬁﬁﬂﬁ%é’%f tRédiotape dbvipgsed at
| east partially within The second sl ot 216 and is positioned to contact a

top surfédk Bfe sscatdoficedsps caeveyor2400 diwippsadmt idast petcadlydvighiothesegordoslot

d i he, .st or. i 600 al | th of t d sl ot, 216.
SThe. st s agin g B YT e a1on SeRaiof g SR lee ORI BE TSl (o .
a rubber g€l 1t6)for sdiaREn e $h2ddidge ddik 60BNdor AMRhEth of 4k debdrd s1dtlBk. that is

drivably connected to a first one of the spindles 247a. The notor 248 is
el ect¥ical |y Consrsendiredes cogrreyoe it eenardly ipgludestedieesrhclic46dr e rrpbhices 232

(FI GS. 81%1@ éfm?d?%séz4‘gﬁg5}g§, ?ri]cga{ %990&3%&@?}- gig) e lg%ﬁ%@g%tohlgﬁ%c?etdh*&% second

sl ot 216 I'S engage rrve and nove e drive
10bel t 286t onddfthe bgindles 4T, MihetoaonDAis cR4Bicdila cohircepittidngsoRboled 247D,
assists jn noving the inserted storage device 600 through the. second sl ot

216 and Phtle enyPERICeEPHIES i BHO% thit ke ‘é’éelbﬁatogqgstde%%éoo is insertpe
second dﬁ&@&ggé%ﬁﬁt%yg% RiESn GOOPEY HoldfRkYcltilf a%@ﬁmg&ﬂ&m' (f) GRl ONi cs 232

(FIGS. 8C an etect t presence an osition of a storage
devi ce 668t 248dwhmbsie drivért by the tnieorsZ4Sonal thel spindkk@4 79,14 7b easeind idletogatgor 242

can incluyde one,or nore .sensi devj ces, ch optj cal. detect.ars and/ or
of ect r onErBRTELHomEs derEs 004 royghiheseshnd Fighaitenddpie Lpik P SRYERS second
det ect or w#fhid, tht B&oRPALE @l6.€l ectroni cs 232 determi ne that a storage device

600 is positioned within the second slot 216, the second feeder conveyor
241 is dri venThoscadwhdisectond2siperasgsecodpaitec] p0athtthe oangiol tleetraseodid sl ot 216

t owar ds 20ni cke iti,on where it can. be picked up b e robot 300.
e (G RS RBP P Ra WS R i o RBNER R S e A0 oo e
devi £ 6@Qpssué Withiiathe kE@nt 8RO 1 0PhE @RSt dQPctoI 42 Ran Shdi@Oshedr ¥hdie 600 by
position a storage device transporter 400 (FIG 5B) underneath the storage

devi ce 680singjdeyices sughgis|optigal zletectors andiny algctmamechanecalswtighsad fopisad g 415 of
the t : i Si : Lft. th
tor age o REgRbgoRRfl bhSRg SR-B0ESA, e SohBBPARK s AR diplgade ) g

12B, in seomgenboidt 8@Mispositibredwithindhs beabn @16t ZH) thad sscoridfebded eodveyedest al
249 at the pick-ugﬁfositi The second feed%égconve or 241 and the rollers

244 can HE BdFXAY _dtvan%él?? vierags deyigy QY thuenghcthe ersand 8los7 10 papisiihe

ggge%&e agPi%-%g}Mgﬁggn ;v&lcl)leﬁtg:ﬂ 8%916000151815&1%p% ¥ S8 3()@.bﬂ{[thi’§qggara_nﬁe Rifgstal 249
244 can be dimensioned to support a storage device 600 such that the robot 300 can
scoop up the storage device 600 by position a storage device transporter 400 (FIG. 5B)
underneath the storage device 600, with the rollers 244 fitting within the U-shaped
opening 415 of the transporter 400, and then raising the transporter 400 to lift the storage

25  device 600 off the rollers 244.
Referring to FIGS. 12A and 12B, in some embodiments, the second slot 216 can

also include a pedestal 249 at the pick-up position. The second feeder conveyor 241 and
the rollers 244 can be arranged to deliver a storage device 600 to sit atop the pedestal 249
where it can be picked up by the robot 300. The pedestal 249 can be dimensioned to hold

30 the storage device in an elevated position above the lower surface 245 of the second slot
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30t he storage device in an el evated position above the | ower surface 245 of
the second slot 216. The width of the pedestal 249 allows the sidewalls
418 of twoxvragsedevi ce transporter 400 to fit aroundPChaSpadesesal 249
such that the storage device transporter 400 can be positioned underneath a
storage device 600 supported on the pedestal 249, and such that the
pedestal 249 is accomopdated in the U shaped opening 415 of the storage
5devi ce transporter 400. When the transfer station 210 is enpl oyed as
an out put transfer station 210b, the robot 300 can place a tested storage
devi ce 68 I Thd \PRISSCAE Pe &bl 245 510 WINEE siiBRaIGONTS HihE4t6fabE @BNiES 232, via
communi cation with the second detector 242, determ ne that a storage device
600 has WesnoiterséPtiedit iound theecdetdRd9shidt thanBs storrecsievisn trahmeder 4Ho nveyor
10241|sa t uat dt dvaneth t orage, deyi c gh the
second sPbAts e it AT SPVES G FrB  PRESELT s Sl 2k 4900 "1
Met hods @fch @pefiad Gpe‘destal 249 is addniSRiatcdlln GREUAh & edWpbhinf @@ ofthlstradd ty of
storage devi ces e.g., one at atinme, into the first slot 214a of the

i nputs t r devadedranspestardA0210a until the conveyor assenbly 220 (of the input
transfer stat 0, The
status of theb\glgﬁ\%/%E @HS%ZS%%+ZI§§§%§$9¥%§SF H%Llﬁ)ru? gg?\sg?er Sltaqg? z%? ﬁg’nthelea IS
noni t or embbymmmmamrattméd ﬁbﬁgé HevicecS0Rid2hd m‘coﬁchelot DputWhemthsfcontrslt at i on
210a) which contral the status indicator |ight 218a. The status indicator
li ght 2188CtEIEHS2i HpGPmHatetian wandbe ssona Becipy 342 dgrtming thagag. |

illum na t eyor
assenbl §t§r2 ?&%@ dlila%mﬁ%n%%s%lgﬁtgggﬁgﬁsflogﬁé&ggﬁd% élr'?:sgn ystorage
devi te GM 1s ibhteatet! e fiothew edvancaths stondge d221e 600 thrbegh thp u¢cond alus &6 amt ation
210a) is. full stockﬁd wth 255torealgﬁ gﬁ{l ces 600, the status indicator

i ght 21840 SPPSitQPHIGARC PRI GLIR 2P Y ght of a different color). As
storage devices 600 are inserted into the first slot 214a of the input
transfer station 210a, the control electronics 232 (of the input transfer
station 210a) will detect, e.g., via the first detector 234, the presence
of a storage device 600 in the first slot 214a 30and will actuate the first
f eeder conveyor 233 to advance the storage device 600 into

15  Methods of Operation

In use, an operator will feed a plurality of storage devices 600, ¢.g., one at a time,
into the first slot 214a of the input transfer station 210a until the conveyor assembly 220
(of the input transfer station 210a) is fully stocked with storage devices 600. The status
of the conveyor assembly 220 of the input transfer station 210a is monitored by the
20  control electronics 232 (of the input transfer station 210a) which control the status
indicator light 218a. The status indicator light 218a on the input transfer station 210a will
light up (e.g., illuminate a yellow light) when there space is available in the conveyor
assembly 220 (of the input transfer station 210a) for an additional storage device 600.
When the conveyor assembly 220 (of the input transfer station 210a) is fully stocked with
25  storage devices 600, the status indicator light 218a will turn off (or provide a light of a
different color).
As storage devices 600 are inserted into the first slot 214a of the input transfer
station 210a, the control electronics 232 (of the input transfer station 210a) will detect,
e.g., via the first detector 234, the presence of a storage device 600 in the first slot 214a

30  and will actuate the first feeder conveyor 233 to advance the storage device 600 into
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position in the conveyor assenbly 220 (of the input transfer station 210a).
Once a storage device 600 is fully fed into position in the conveyor
assenbl y @OQo(10f1938he i nput transfer station 210a) the ceormskoleloewsvr oni cs
232 (of the input transfer station 210a) will actuate the conveyor assenbly
220 to nove the received storage device 220 upward 5 towards the second

sl ot 216a to nake space for another storage device 600. This is repeated
for each storage device 600 that is fed into the input transfer station
210a until the conveyor assenbly 220 ( of the input transfer station 210a)

is full ch%titﬁﬁﬂ(iﬁ%é"é&nl@e%r%rsﬂﬁﬂf?2’(9 EAhEBBut BnsPL@hoP1 0. Dee pperator is
free to walk away to perform other tasks. 10Wien the input transfer station

210a i s Stotagy detiore@biswinlihfedtinoggeitidew thesoaayor adsemblyr2X0 (of treagmitdevi ce

the socoltgy ofighatfo e edrBY bist e 72 @hRen S« Sradey ton 193N i he

I nput tr st theotdydR agddRid)y 20l th nasileURd RctiNed §8fgBdetitO2RN umedrdat or 243
(of the input transfer station 210a) to push the storage device 600 into

t he secotetvagdsghe scrgnd slohdl tagamale spiceder aeihes stomgealpviceP0Q.nEhisdput t ransfer
station M t Vi & SEC, r resence
of the stbr bt it aRbEHAE: pdohE L R BRERC G raE kR R b B S
act uat e theeoswsonskst@be20q@ivieyiaputddhsieobtatitie2 1 0apid futly stosker wik at i on 210a)
to advance the storage device 600 into the pick-up position, where the
storage HeiEedcvery ORnatyehislupeinkthe @pgptor h%frfff‘oisdffalgewyr&mf‘éformr%h%t or age
device 6Q0ds renoved fromthe input transfer station 210a 20by the robot
300, the control electronics 232 (of the input transfer station 210a) wll
detect that tWhesdooingutstamsfe? itGaon 210nptylly swaked imnthrséepgndeiceadD0, thove t he

next storage device 6 into alignment. wwth the seco sl ot, 216 .g., Vvia
Toverant ToT SipHEe donoegon Ak et JNases nput s aEct ey B o nton o1 om)
and t henyQHthOdecbNEsISONGEY Al 1S BERR e 2ARoPALHIHQ 130goPihe kuptP trRFiL i On i n
the second slot 216a. This process can be repeated 25for each subsequent

st orage sfetiorcl 08DWilkaanad therseedna lingpuactuatemBiBdof dit anpivo trapsfoestatibhus, a

pluralit st o e devi ges 600 can,be stor n ueued, .in the input
Pranet er MEMTRANIEEORE ERec D BR e e B0 B T U O U R FllS wni e
the g4 or 2qpe(ogtend i6QE tREOFAEEH L WARKMIIC ech WicfceO(vi£th secoafec@tton242)1Rs to the
robot 300 by the 1 nput transfer station 210a. The robot 300 can retrieve a

storage Rresdngeobio sfarenn deniccioNPin thesaspptletotst be.iapn. iBogspoBscudilhgctorie of the
storage %‘éé&%dtféead@%oq{v%g&sz%gi?fthgﬁkgﬁm bl s?eﬁ%h 2?19% SAVARL YL g@e
r 4 an ere st or %8

storage device transport rreve age devi ce to one
of the teésticesdotiatoG0O pickiuptppsitiongwhdére threstahigs dgéccd aa bod&tricvdd sy the ocess
can be rf eat ed fPr eaﬁhnff tﬁe stO{?qg de%%%g%lﬂgonﬁgnfprtgg AS %3
t r ansf er '99pH3G0 A erghe storage device 600 18 rémoved fro ¢ inpu ster station 210
20 by the robot 300, the control electronics 232 (of the input transfer station 210a) will
detect that the second slot 216a is empty, and, in response, will move the next storage
device 600 into alignment with the second slot 216 (e.g., via movement of the conveyor
assembly 220 of the input transfer station 210a) and then out of the conveyor assembly
220 and into the pick-up position in the second slot 216a. This process can be repeated
25  for cach subsequent storage device 600 stored in the input transfer station 210a. Thus, a
plurality of storage devices 600 can be stored, and queued, in the input transfer station
210a allowing the operator to perform other tasks while the storage devices 600 are
automatically fed, e.g., one at a time, to the robot 300 by the input transfer station 210a.

The robot 300 can retrieve a storage device 600 from the input transfer station

30  210ausing one of the storage device transporters 400. Then, the robot 300 can deliver
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The robot 300 will also renpbve a tested storage device 600 fromone of the
test 5slots 500, by renoving the storage device transporter 400 supporting
t he test edlovragwedevi ce 600 fromthe test slot 500. TReTMShat/ 03301 wi l
then deliver the tested storage device 600 to the second slot 216b of the
out put transfer station 210b. The control electronics 232 of the out put
transfer station 210b wll detect, e.g., via the second detector 242 (of
the output transfer station 210b), the presence of a storage device 600 in
the 10 second slot 216b, and, in response, will actuate the second feeder

conveyor i, Z4fbrd R dcb e tAHFer h(‘j(ﬁé}ﬁif BE r&h & dQRoradORidcB00 86 Ind HEhS tQF age
device 600 into the conveyor assenbly 220 of the output transfer station

210b. Thslsts$an fcbrdes*tm;g@éttlmjstcbnage daadr @%rﬂg@pl@eﬁﬁm@l BOGpritad farsagled i nto t he

out put tpan tation ve assenbly 220 (of the out put
transfer&¥§§¥ ﬁfﬁﬁﬁ%¥°F I?HFV§pg18??§HmﬁP é(g{orage devi ces 600. 15When

t he out put traRsfodbt S0k I10Ns2kdvES téddd gco@g@@d«e@b U0t forf toRE 3p@cdayi ces 600,
the first storage device 600 that was fed into the output transfer station

210b i | $lotse08) bygisawvinietthe staeage ideiee gprportar0 snpparting thedesied stergge cont r ol

el oot MR At B QU RYS TEAIREES0PLAL AN BNl ARt o Che

first linear actu out rans to push the
st orage dieNGeo@0GObhd setond diet $166©|ﬁdlesdtm[5ut2ﬂlﬁﬁer stigonc0lObr dthe 20tk@@ct r oni cs 232
(of the output transfer station 210b) t hen detect (via the first

det ect or clogronigs 23T dip Piputivensiss %ﬁtng %kqbdﬁﬂzift?@) Ctavevipthesespnd dstectie
storage 9"%’?9‘& ‘gpdt@rahé}sr §tat{o%tzﬁ)b ez%r%pencéafja stb #Eﬁéaeé'é@o m%liObact uat e

the firs onveyor 233 trans station 2 ) to
advance sdeand o0l ldbpearde i mepcﬁ@él w1ﬂitamotuatqahc kecopd st ¢gommeyar 2dfhi(efitht he

storage devi ce 0 exte rdly fromthe first slot 214b, thereby
ol Poade St SeSresaror B fheR e SomhS Tt adoi n poivelg ReylEr ot ur
After thesiahags: Qﬁt‘x‘drﬁ?er 8R0oh 5161 MPVEEard E&%béaﬁé‘d R LR stér"a@é‘ééﬁée ¢ooat i on
210b by the op erap the control electronics 232 (of the output transfer

station @a@b)fedmmtd thd@umut travhsdier Std’ql@nﬁalﬁlsvntsll the conmvor assanlpy 220 defdhe i n
response mAII he ce 600, into ignment with the
oo oubly By oo Ml S L RRRERTLS S E sk oM ot he out put
transf er stat mnmeom@ndrahﬁeflstat@orpzntObqé fll et RO QNBIstrSELddidts 886 (of the
out put transfer station 210b) and into the pick- up position in the first

sl ot 214the firsfistorpgecteaios GO8Hhds avap bsbiataide foy?pué@[@nﬁfw@é@q@éﬂb will B¢ age devi ce
600 stor ﬁ%}gﬁ' (\)x%lﬁﬁtecﬁé) HHP {Zfﬁﬁ)r SAte[ fptoﬂtt at?Q cgﬂ‘tgﬁ 8})6IP§m§§ %iﬂ dDf ﬁfe otulqult conveyor

assenbl y e ou ans I on
transfer station 210b, w111 actuate the first linear actuator 235 (of the output transfer

station 210b) to push the storage device 600 into the second slot 216b. The control

20  electronics 232 (of the output transfer station 210b) will then detect (via the first detector
234 of the output transfer station 210b) the presence of the storage device 600 in the first
slot 214b, and, in response, will actuate the first feeder conveyor 233 (of the output
transfer station 210b) to advance that storage device 600 into a pick-up position in which
the storage device 600 extends outwardly from the first slot 214b, thereby allowing the

25  storage device 600 to be retrieved, ¢.g., by an operator. After the storage device 600 is
removed from the output transfer station 210b by the operator, the control electronics 232
(of the output transfer station 210b) will detect that the first slot 214b is empty, and, in
response, will move the next storage device 600 into alignment with the first slot 214b
via movement of the conveyor assembly 220 of the output transfer station 210b and then

30  out of the conveyor assembly 220 (of the output transfer station 210b) and into the pick-
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nonitored by the control electronics 232 (of the output transfer station
210b), which 5control the status indicator |ight 218b. The status i ndicator
| i ght 218Wocenirhesseut put transfer station 210b will |i girCTOIS2€18/022391
illumnate a green light) when the conveyor assenbly 220 (of the output
transfer station 210b) is fully stocked wth tested storage devices 600 and
is ready to be enptied. Wien the conveyor assenbly 220 (of the output
transfer station 210b) is enptied of the tested storage devices 600, the
status indicator 10light 218b will turn off (or provide a light of a

di f fer eng, 6&4i@n in the first sl-(l;hfl4'beslﬁl@sc1§1'0¥%s CANbE RpefbB O] GBsépén©f the input
and output transfer stations 210a, 210b can be placed in comrunication with
t he cont stotagedevignOo@bstotedtin thhwutmlbatansimt&tm Mébcontrol |l ed based on the

f h 10b. O h
Erood mont o ThE R afihe APy ASERBAEHOU! QlBu A 20812 WS hpeye.

ot her enhggitsrRabs tlﬂar&)nﬁﬁﬁélb&tcﬁncs%Q (@ﬁm%h@m frafsfor stdOn 236b), Whiept rate an
enbodi ment of a stora evice testing system 20 in which the test racks

100 and ¢dnérol Hptﬁtatwaglé&@phghtt%@hs%@ stgtuétimdwﬁomgbléﬂmm ogtpsit ar r anged i n

a circul bstantially

cyllndrlgépﬁag ]PﬁE?Q%WgPEg&q@QF§ R%%%EE: @?8}%§Rf %%? f@g and the

t r ansf er ass¢rably®@29 (2flia outpliObvardéirngution Laoigesl fullyt d‘ﬂ(bditeﬂ h&thwestckd stgragaivel ope 330

for acceSS|b|I|ty of each test slot 500 for servici bg t he. robot 300. The
p

subst ant f&11¢S5 6RYrnd rerdy toserIYg e When dhecapsrYRfes Ff{ddle utprpact
foot pri nf.,.and sta%oﬂ Qﬁ‘@@% Eléﬁpﬁéc{)&é tﬁetés@dtsﬁgas%erhe‘%?oggﬁbé Xh@%aﬁl?t&% tor

constraints. In sone robo i's elevated by an supported
on anmedhgnQHSbmnmnﬁnoﬂﬂﬁrQEWGhemaﬁﬁoﬁmdﬁﬁmxﬂbdoﬂ surface 316. The pedesta

or lift 340 increases the size of .the wo envel ope vol unme 330 by

1 1 owi ng the TBHGRDGAY: EOMLABATHIES D1 9 pUBEGHY O S5 Seivar ol y ¢ o
service Samt 2 MR b'é%@ac@aﬂt &rmﬁlhﬁtctttmﬁmhe%ﬁtrb@msa%Q@hat aﬂe%botﬁm@ si ze of
t he mprklng envel ope vol une 330 can further increased by adding a

verti cal caadteumntiplledbaspdop dutestated ofdhe mpilt argl@utput transfeiyt@®ns L40a, P40b.
illustrate another enbodi nent of an transfer station 700. The transfer
station 700 includes a housing 712 (e.g., a sheet netal enclosure) with a

firsts sl Other Embodiments

While certain embodiments have been described above, other embodiments are
possible.

For example, FIGS. 13A-13C illustrate an embodiment of a storage device testing
system 20 in which the test racks 100 and the input and output transfer stations 210a,

20  210b are arranged in a circular array about the robot 300. The robot 300 defines a
substantially cylindrical working envelope volume 330, with the test racks 100 and the
transfer stations 210a, 210b being arranged within the working envelope 330 for
accessibility of each test slot 500 for servicing by the robot 300. The substantially
cylindrical working envelope volume 330 provides a compact footprint and is generally

25  only limited in capacity by height constraints. In some examples, the robot 300 is
elevated by and supported on a pedestal or lift 340 (FIG. 13C) on the floor surface 316.
The pedestal or lift 340 increases the size of the working envelope volume 330 by
allowing the robot 300 to reach not only upwardly, but also downwardly to service test

slots 500 and/or the transfer stations 210a, 210b. The size of the working envelope
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5714 di sposed along a top surface 715 of the housing 712. The first sl ot
714 functions as an interface between an operator and the transfer station
700. A sewondiigliedse 716 i s di sposed al ong a second surfa®eTlBZo10/0243bE
housi ng 712. The second slot 716 functions as an interface between the
robot 300 and the transfer station 700. D sposed within the housing is a
conveyor assenbly 720. The conveyor assenbly 720 receives and stores

10st orage devi ces 600, such as disk drives, and operates to convey the
storage devi ces 600 between the first and second slots 714, 716. As

shown i nydiifeS338 45 BORthAGnctAG AR MRUY & AFEEITBENatbLR thE 9&&&@@& oflifpar al | el

pair of continuous |oops 721 and a plurality of supports 722. Each of the
supports34®2 includes a first end 723a that is connected to, or integrally

o e B R RS S e B RS,

fashi on. trddy€rstippR 706 1ﬂoa?de§moa§1ﬁgmgp@g N ﬂ@btrﬂiet%lléiﬁldsb wedcdriRedlét of the
supports 722 can receive and gEgort a stora]c;;?e devi ce 600 between the | oops

721. Tondktdispased B]Qilgﬂt‘@iif surfaee < lippbihe Hopeme 3 Elﬁaféréuslatp%lﬂtfumtms éach ot her
al ong a %efh%ﬂc%%&x%%n 8@%%;)'?%&&’1%? hal seid /}Ee%’l Onslt%{ Pr@ge devi ces

600 can be su alne i n space 0 each ot her

al ong a dilelbtg;bdil al@hghh@cdnd@pﬁfac?eﬂlﬂ offlec chﬁﬁﬁ@ 7121 "Rha@ednﬁdb&)lt 736 Gencgions pl asti c
or rubber belts or. chains. The supports 722 can be formed from

metal (edgpn in @ﬁb?ﬁé@%ﬂ t)he r@botépagthl eleéwaS%éﬁa%@ Whrdispesgd pathimihe) oops
721, e. ghous}ﬂg%s QGWMP% ssifab 0‘-""TEr W&g&eas(s gly’72§%@em g& stofsegral 1'y

f or med ere are nounted on rotatable
spi nddi essté'@g¢ dewhtesto08l $uohyas ﬁfsk|d01®p5 ai @ dzpetrwtes at cainee;aﬁﬂ stdnageadzywiceo NORyY t he

st orage device 0 bet wee C t along the length of the | oops 721.

The Ioop@3?5@1§ﬁ28$@9 §§xﬁﬁﬁt$ gﬁ 9P$y e.g., under the weight of the
storage devi CR§shdwh Hlefh@sem@ hgd ﬂ@rtﬁg@oﬁ%\/’bﬁe%%erﬁﬂg 720 HBIRS afpafadiel SI ot 714
to the second slot 716. The first slot 714 provi des access into the housing

712, t hepabgf cinfiovdusdoens 7@|@@néta®&uraldy|0;ﬁtsmmf@ €231 Beclye thewinpess 62D, e.g.,
"nel adeas PetisiPknd 2 KRR Dithparety e oh e ESRSRENGThe
st or age @levdfage RIPs 711, and elsedsati@dd POSH thaddktakiR\vatvlarlGVIRIm Sy dsgseatddtS of the
loop 721 in a cantilever fashion. The supports 722 are arranged in pairs such that each
pair of the supports 722 can receive and support a storage device 600 between the loops
721. Consecutive pairs of the supports 722 are spaced apart from each other along a
length of the loops 721 such that a plurality of storage devices 600 can be supported and
20  maintained in spaced relation to each other along a length of the loops 721. The loops
721 can be belts (e.g., plastic or rubber belts), wire mesh, or chains. The supports 722
can be formed from metal (e.g., sheet metal), or plastic and can be connected to the loops
721, e.g., via adhesive, welds, or hardware (e.g., screws) or integrally formed (e.g.,
molded) therewith.
25 The loops 721 are mounted on rotatable spindles 724, which allow the loops 721
to rotate and thereby convey the storage devices 600 between locations along the length
of the loops 721. The loops 721 can rotate under gravity, e.g., under the weight of the
storage devices, to deliver the storage devices 600 from the first slot 714 to the second

slot 716.
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second slot 716. Storage devices 600 fed into the transfer station 700,
e.g., by an operator, at the first slot 714 are delivered, e.g., one at a
time, to wbeopedessal 749, via rotation of the | oops 72PCTiseria/oed3ey can be
retrieved by the robot 300. The width of the pedestal 749 allows the
sidewal I s 418 of the storage device transporter 400 to fit around 10t he
pedestal 749 such that the storage device transporter 400 can be positioned
underneath a storage device supported on the pedestal 749, and such that
the pedestal 749 is accommodated in the U shaped opening 415 of the storage

devi ce transpegd gfst 480714 providés AREQGhRIthd Bustiy B2, tlf‘éfbb?z%‘llb@ﬂ{ afnsor or
swtch) is associated with the second slot 716 for detectlnggﬁhe presence

of a st oormggodievinttedusn stonageplstisss 600, 249 onThea tetrcemtathe T8AveysT asseinhly
connunic?%ion with control electronics 732, which nonitor the status of the
second sl‘0t 716 based on signals received fromthe detector 734. The

transfer statTRNsctOR 8180717 inOlutiecd prdiestaln7BC tuRRAestAT 490 & dmendoséd 9noi d) in
conmuni cation with the control electronics 732. The actuator 735, under the

cont rol  bfld theesteraae doiicedcnmp gicysted positien abdys adpwansyetice d4enakilge t he
7 i nhinki . F npl e,
CO”"eyorse%é&c?&}gtlsé’lgaﬁs‘%%éage 8&1&@886%&1 {E?Verg‘;ﬁhsfﬁ st%tlt:oqlt’t]debg)g%bg)égap or exanpl e

t he actuator e~arranged to in ere w 722 to
i nhi bit §gergor, apthefestts)ot 704 bleatelivotedt ¢. @Nowd attahiind, e@ i péddstal Ve wvikhe contr ol
el ectronics, 732 determ ne that a staqrage devjce i s positioned on the

600
pedest al or{®n AR loppiy/4lo Mhercrtbey saRSACHiFVEhRY theiseeotdl, Thaaricswf the
el ectr O”f%&éstzg?%f&w%‘%wﬁ&}%&m% 180 s%ra%é”éexk& t'reﬂﬁfé&kér 40b'td Refroiyement of

t he conveyor assenb until the storage device 600 has been renoved
f r oma hethppddsta 749 4&hahat thbhgopeddstiad trimbPoits Hfaian be padiionc accept anot her
storage deyi ce 600. Al ternatjvely or itionally, the tran

Stati on FOBTEAN § Heraadef wPRgtH o fbested vaen) el et feat ST ¢l
conveyor jsassehbYatdh tBQU—ﬁf_AP&d 9&@'1151&94IWE@ﬂBﬁgQHexti&etr&ﬁ?@ﬁer 400. 721. For
exanple, FIGS. 15A and 15B illustrate an enbodi ment of a transfer station

30700 in whi 8hlctogtos|784(¢.g.camoptinal F25oriag sehitckaiblagsociotaderittethctsecond phitr  of

155) - ol Jace s B aaOTNEY Bl iR R oo GuRLRl bR 2ag (71 °

connest efd if GordmuaRkaneh #itBeoMid cctrbhiies 352, valiesmérdor tBStatys AF fHeaeesidi al  728.
On the output side, the differential 728 is drivably connected to each of

t he dri véoisH&fhasedraysignads rocgied agl the detgeter 7¥9. On the input side, the
differential %ge8tr£u§sfer station 700 can also include an actuator 735 (e.g., a solenoid) in
communication with the control electronics 732. The actuator 735, under the control of
the control electronics 732, can be arranged to engage the conveyor assembly 720 to
20  inhibit movement of the loops 721. For example, the actuator 735 can be arranged to
interfere with the support 722 to inhibit (e.g., prevent) further rotation of the loops 721.
When the control electronics 732 determine that a storage device 600 is
positioned on the pedestal 749, awaiting to be retrieved by the robot 300, the control
electronics 732 can actuate the actuator 735 to inhibit further movement of the conveyor
25  assembly 720 until the storage device 600 has been removed from the pedestal 749 and
the pedestal 749 is again ready to accept another storage device 600.
Alternatively or additionally, the transfer station 700 can include an electric motor
drivably connected to the conveyor assembly 720 for controlling movements of the loops
721. For example, FIGS. 15A and 15B illustrate an embodiment of a transfer station

30 700’ in which an electric motor 725 is drivably connected to a pair of the spindles 724 of
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5drivably connected to a shaft 730 of the electric notor 725. Rotation of
the notor shaft 730 drives the spindles 724 through the drive train 726.
The not orw®2B1lVg9sbectrically connected to control el ecPconises1//3B9nhi ch
control operation of the notor 725. I n sone enbodi nents, the pedesta
749 may al so be capable of being elevated to help introduce storage devices
600 into the conveyor assenbly 720 fromthe second slot 10716. For exanpl e,
FIG 16 illustrates an enbodi ment of a transfer station 700" in which the
pedestal 749 is nounted on a linear actuator 750 that is controlled by the

control @keehVqBl £3crhBi-720NiiSa 8RN #hihe (FRs UBRNSTRE dsidtAiR726 ARiudee be
used as an output transfer station. For exanple, the robot 300 can deliver

a st or agepdeof deva shafthé2h eddstancdadto aprspgciatedienc efitbe spondlepV24fnd he
control

clovate THE BHRbAO s bllih ERaR: RENIFRP R BT o6 BB Sonea 1o

be recei ihedirRetMERT2Y R HigARAgIé2barsINot WnShé apat silé)@hedigtdntial TOLir 725 can
be driven to deliver the storage device 600 fromthe pedestal 749 toward

t he f3 r sdriwibbt conpactedises ghaft 7300 theeclparie movasd25 e Rgtatioppf Hie repler shadtr . FI GS.
17A-17C i i , f ' Th
20t anst &10 SRS EBRE R GRRER WS eteiP 230, *AY P 124 | Rlkciigy e

encl osur e@nnettedtoacdnirob élestoaticsSB2 vehisiposa] apangoreoftthpntsif7asée 815 of the
housi ng 812. The first slot 814 functions as an interface between an

operator and Premereprodapenit.4bs pilcaob/49amarelsnhe sareblegtgeing divasgded al ong
a Second]?egggﬁt@%ﬁcggtgrag% d&&l&g%@%otgggeﬁﬁﬁm%s%ﬁﬁ@gﬁzé kB tﬁé@eécfgg&‘% !tg”S as

an inter et ween e robot etr station posed
wi t hin t his. Zorieeasplegh Bi 2 6iiBusrate nu eynbodassie nbé yaid@er. stafioa 700N ueybichassenbl y

820 recejves an ores stora devi ces uch as djsk drives, and
oper at oot Gedari) i) friaoutie a8 Madt rc@ieae el heentoe B ol sacond
slots 81dectHes 732. This caﬁ%ll%@q}i‘@trhﬁbféggsgﬁgrzl 566 Rk kéfas %Ib@utﬁ@t}[ﬁ’&ﬁﬁif&

assenbly 820 includes a continuous | 1 and a plurality o i nged

pl at f or nefa@aR FoEasimple, thheolwit 306 oamdelgepa gorage Idades toatht ipedastap3#9.i on 823a

pi vot al | b s e bor AP R REotas s A5 R lullne bt a2so of

the p atiqined 822 hastha psanpe 74haichshatithddtotage HHBCSE0V i8POsiHEVIIAE be
transporter 400, including a substantially U shaped opening 855 that is
formed bigceivebbeiveen hsdoansd24. batds gisattee gsgric matorsZypen e drigenioage devi ce

600 as | aele%r 2 @Yo%(geeddegﬁtev&ﬁ ri’lroﬁlbﬁlefpie&egsttal %ngttov%ré tl?enﬁlrs{ ﬁgt 714, where it
can be retrieved, e.g., by an operator.
FIGS. 17A-17C illustrate another embodiment of a transfer station 800. The
20 transfer station 800 includes a housing 812 (e.g., a sheet metal enclosure) with a first slot
814 disposed along a top surface 815 of the housing 812. The first slot 814 functions as
an interface between an operator and the transfer station 800. A second slot 816 is
disposed along a second surface 817 of the housing 812. The second slot 8§16 functions
as an interface between the robot 300 and the transfer station 800. Disposed within the
25  housing 812 is a conveyor assembly 820. The conveyor assembly 820 receives and
stores storage devices 600, such as disk drives, and operates to convey the storage
devices 600 between the first and second slots 814, 816.
As shown in FIGS. 17B and 17C, the conveyor assembly 820 includes a
continuous loop 821 and a plurality of hinged platforms 822. Each of the platforms 822

30 includes a first portion 823a that is connected to the loop 821, and a second portion 823b
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5second sl ot 816. The | oop 821 can be a belt (e.g., plastic or rubber
belt). The platfornms 822 can be forned fromnetal (e.g., sheet netal), or
pl asti c awmo2ean1psseconnected to the | oop 821, e.g., viarathssinm2939el ds, or
hardware (e.g., screws). The loop 821 is nmounted on rotatable spindles 824,
which allow the loop 821 to 10 rotate and thereby convey the storage

devi ces 600 between the first and second slots 814, 816. The | oop 821 can
rotate under gravity, e.g., under the weight of the storage devices, to
deliver the storage devices 600 fromthe first slot 814 to the second sl ot

816. Themhi £iverdiBt coRbéet® BVhd Bt BEERAI2BNT Phd i&%o#tg%tﬁhaﬁ 883Pef thier eby
al l owi ng an operator to introduce storage devices , €.g., one at a tine,

i nto t hepleGowey®BY. las sshiriothatsandar Ol gervendevstatraBp@tirdd) udelsdmgpedest al
849. The_ pede 9 is dine d hol d .the stara evi e in an
ol evat e POETEH BrU A e hRaDS B bingBbY pOFHE SO B R® Slorage
devi ces 6H@Psy ﬁﬂﬂh@f&a%er&vid’efmﬁfaﬂt iStRivie it B@Recrthe first RYot 814 @REIHat or, at the
first slot 814 are delivered, e.g., one at atinme, to the pedestal 849

unders grse¢prdsloedly. . via rotation of the Ioop 821, where they can be

retrieved by {f) lo,:oﬁlggi caPle a %GVI \gﬁlggtlbs Ry ?bg@ogﬁ]t %llartgozl’i%s @%%g%yﬂﬁ]ge

sidewal I's 4180 storage ransp horter It ar
pedestalﬁﬁﬁ@dﬁbﬁhmbﬁh&n;hﬁﬁ&hﬁﬁ@Q&H@&%hcendCﬁﬂ&pﬁmhaﬁmﬂ&ﬁhéampbﬁlpOSitiOned
underneath a, storage devi ce 600 supported on the pedestal 849, and such
that theSBeddaesiguaveids, Qhasaniigde-8dSFi"the U shaped opening 415 of the

storage devi oy [BRSEPELRbufi0Pon ARAELERUAL s9PA (it Sow AR 188 kopo sensor

or switch) is associate e secon ot 816 detectin
pr esencerotdte andthorchg eonteyi the st6Bige davitdsed (dutestcal th8Atst adhecdad siotscSrl4834 is

in conmu con roI | ectronics 832, whi.ch nitor the.status of
the” SoooRle: stoankd beoRtssindty BE ST oreg ey Bristod Tt et foas Tre

t r ansf er oSdedit/bihe %&g@%@w@éss@d fsth weler ANs18CE Uab e $36nd Sot816. 2 sol enoid) in
30communi cation with the control electronics 832. The actuator 835, under

t he control oThQﬁEtd@h%ﬁhﬂowhatumaﬁnu®tB@Emw@&ﬁﬂQeﬂ@ﬁﬁamﬁeﬂmubmengage t he
conveyor asse

er X %1 to e@i% veneq}eo ? 821. Fgr t he
ot uat or “BIROL et e PS5t PR ree ¢ Hensp s PBrsHer 523 5 nii bi ¢
(e. 915  P8EY ETHe)scboHd NGS 16UV EHRR s RilcdtdlB4b0qRe Bedostad Ve dilenGaHtdto!
el ectronics 832 determne, e.g., based on signals received from
hold the storage device 600 in an elevated position above a lower surface 845 of the
second slot 816. Storage devices 600 fed into the transfer station 800, e.g., by an
operator, at the first slot 814 are delivered, e.g., one at a time, to the pedestal 849, under
gravity, e.g., via rotation of the loop 821, where they can be retrieved by the robot 300.
20  The width of the pedestal 849 allows the sidewalls 418 of the storage device transporter
400 to fit around the pedestal 849 such that the storage device transporter 400 can be
positioned underneath a storage device 600 supported on the pedestal 849, and such that
the pedestal 849 is accommodated in the U-shaped opening 415 of the storage device
transporter 400.
25 A detector 834 (e.g., an optical sensor or switch) is associated with the second slot
816 for detecting the presence of a storage device 600 on the pedestal 849. The detector
834 is in communication with control electronics 832, which monitor the status of the
second slot 816 based on signals received from the detector 834.

The transfer station 800 can also include an actuator 835 (e.g., a solenoid) in

30  communication with the control electronics 832. The actuator 835, under the control of
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the detector 834, that a storage device 600 is positioned on the pedestal
849, awaiting to be retrieved by the robot 300, the control electronics 832
can actuawe 2othigssbuat or 835 to inhibit further novenen®CofUStiwg/oesayeyor
assenbly 820 until the storage device 600 has been renoved fromthe
pedestal 849 and the pedestal 849 is again ready to accept another
10st or age devi ce 600. Alternatively or additionally, the transfer
station 800 can include an electric notor drivably connected to the
conveyor assenbly 820 for controlling novements of the | oop 821. For

exanpl e, ElcGrol k&R BRRs 8B duh bHSihRka & enF ol RNty Rfas@nibPREf @ station
800' an electric notor 825 is drivably connected to one of the spindl es 824

of the 1Bbdnvmyomenssbthiollgorsd]. Heoemamiln, b actheton®ioeandivaftang@htodr i ves t he
spindle 824. The nptar 825 j.5 .electrically c ected to contpal, _electronics
352 i GHECGHR FOR TP LAB 23S PO stEy Pl AR o) @B REIR bodhf et o,

t he pedegiial 849 nay al so be capable of being elevated to help introduce

storage devices 600 into the conveyor assenbly 820 fromthe second sl ot
20816 For ex#hshéhe qngol gloctranigsst3eaesming. eabbaichwnsignplsgeedivdsf@n st ation

cont r ol 1 28GR 8 RIRTR Pl IRITLES ARy B MERR AR RRE R 57 1

stati on BORtridved be thus@boe®)0athcaohpolt clédt@nik 882 siddteaic tHeakctuarwagps & t he
robot 300 can_deliver a storage device to the pedestal 849. Then, under the

control BhiHErtEgRe Mt abthe sANLyoBIBemblS i mmEatheatarige dsvigd80ban be 25
act uat edyL.Q 1 EhEYAf forh i fEesl @0 A opthshial L1 aiﬁ?%lrdg%%%%ﬂ HURDD 1 2

positione e receive et ween the 6 one of
t he pd at §torags d8d@2: 60h t his case, the electric notor 825 can be driven to

514, wher o i ¢ ABGRTBETY Bt SRR g o B 0D sttb i e e BB et <.
a storaggi@en &ﬁ‘m&létécﬁ {dfle SY SO £EMbIIRLYAS: é&&%hﬁg@n&r&m&h}s?&ttﬁ@l%ﬁ er

stations and/'or nultiple output transfer stations. n some cases,
t he tran$?lerFasteasnple, CKiP. B8 Acadflidgutesiratoan enkddimcttdradpasigestiates support ed

Stor age. G0 FRElEi RERAT b apRiRlr il SaRar B PRESES B Betevi co
tr anspor ¢@fveydraksdeily 820.NBotaBlofof theYndlorr hRAK30 A6k Eiethe eptRORiIgTRNTHcare Wi thin
t he scope of the follow ng clains. . . ,
motor 825 is electrically connected to control electronics 832 which control operation of
the motor 825.
In some embodiments, the pedestal 849 may also be capable of being clevated to
help introduce storage devices 600 into the conveyor assembly 820 from the second slot
20  816. For example, FIG. 19 illustrates an embodiment of a transfer station 800” in which
the pedestal 849 is mounted on a linear actuator 850 that is controlled by the control
electronics 832. This can allow the transfer station 800 to be used as an output transfer
station. For example, the robot 300 can deliver a storage device to the pedestal 849.
Then, under the control of the control electronics 832, the linear actuator 850 can be
25  actuated to elevate the pedestal 849 such that the storage device 600 is positioned to be
received between the sidewalls 856 (FIG. 17C) of one of the platforms 822. In this case,
the electric motor 825 can be driven to deliver the storage device 600 from the pedestal
489 toward the first slot 814, where it can be retrieved, ¢.g., by an operator.
In some embodiments, a storage device testing system can include multiple input

30 transfer stations and/or multiple output transfer stations.
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WHAT IS CLAIMED IS: 1. A storage device transfer station, conprising: a
first slot; a second slot; and 5a conveyor assenbly configured to receive
and suppowO 2a11pl1e93al i ty of storage devices such that thecstusc@age2oevi ces
are vertically stacked and in spaced relation to each other, the conveyor
assenbly being operable to convey the storage devices between the first

sl ot and the second slot. 102. The storage device transfer station of claim
1, wherein the conveyor assenbly conprises a pair of continuous | oops
arranged to receive a plurality of storage devices therebetween.

3. The storagp Qew GSest RMRLSGr Sh@dd QR H%fcoﬁhgﬁr%l %o re‘é@l’%é @t’ofhg% higvie@nt i nuous

| oops 15conprise belts, wire nmesh, or chains. . The storage device
transfer swpalttecbm smragd @Vmeﬁran\mm‘tee‘s, su¢hhtbatozanly ef/die sazrw;ces: gopigeses: a
continuog Q0p gd%O i&yiﬁﬁ ﬁlatfgrns ﬁxtenﬂ%n% outwardly from
the cont TRUSHS 1i>r3 © fofW P UParPaFe 6F VY AtTBPIE™ bi G ¢B%f i gured to
recei ve égdb?u@&&ﬁt a storage devi ce. 5. The storage device transfer
station o aim4, wherein each of the plurality of platfornms conprises:
25a first porPthshembedimentsdre withindhe seapeefidusollowing ckmsa second porti on
pivotally connected to the first portion.
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6. The storage device transfer station of claim11, further conprising an
actuator, wherein the actuator is arranged to advance a storage device at

| east parwoOabiyiioisb of the 30conveyor assenbly and at | eastusp@anoeebly into
t he second sl ot. 7. The storage device transfer station of claim
1, further conprising a feeder conveyor, wherein the feeder conveyor is
arranged to assist in noving a storage device through the first slot. 5

8. The storage device transfer station of claim1, further conprising: a
detector arranged to detect the presence of a storage device within the
second s\WATATARCCRAMIED 1! ectronics in comunication with the sensor,
10wherein the control electronics are configured to control nobvenent of t he
conveyor assenbly based, at least in part, on signals received fromthe

det ect or. 1. A'storgge daweceét@s&gétau@mce@pt‘lslagsfer station of claim1,
wherein the COﬂr?&%F assenbly is operable to convey the storage deV|ces

bet ween the first ’ot and the second slot under 15gravity. 10. The

st orage devi cgsdcoadsiberangt ati on of claim1, further conprising an electric
notor_drivably connected to the conveyor assenbly control

el ect¥ oni cs i heBHRIASEARDlY SORigUied lRacesiering %lpﬁ‘iﬁt aplur@»lﬁépéﬁtﬁratgﬁe control

20el ect r &gvé%g s&éhethﬁtotﬂé kt%%'ig% ‘i‘ie@zﬁis"&@ XEchaIWMgé%ataﬁd o pta@ﬁ 1%%’6?13&? LadiSsenbly

via the e ric not evi ce ng system
conpri si oger, dmecomeym laesetrm;t baiag scraltd e qzdnueﬁthets}orﬂ)ge desides bttotesn giegppor t ed

by the test racks, each of the plurality of test slots being configured to
recei ve g“%fB?%ﬁ@hﬁévp ¢slobr testing:

10 2. The storage device transfer station of claim 1, wherein the conveyor assembly
comprises a pair of continuous loops arranged to receive a plurality of storage devices

therebetween.

3. The storage device transfer station of claim 2, wherein the continuous loops

15 comprise belts, wire mesh, or chains.

4. The storage device transfer station of claim 1, wherein the conveyor assembly
comprises:
a continuous loop, and
20 a plurality of platforms extending outwardly from the continuous loop, each of the

plurality of platforms being configured to receive and support a storage device.

5. The storage device transfer station of claim 4, wherein each of the plurality of
platforms comprises:
25 a first portion connected to the continuous loop; and

a second portion pivotally connected to the first portion.

6. The storage device transfer station of claim 1, further comprising an actuator,
wherein the actuator is arranged to advance a storage device at least partially out of the

30  conveyor assembly and at least partially into the second slot.
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a storage device transfer station; and aut omat ed machi nery configured
to transfer storage devices between the storage device transfer station and
t he pl ur avot2g110f1938est sl ot s, 30wherein the storage devi @eTiusangfHe396t ati on
conprises: (i) a first slot; (ii) a second slot; and (iii) a conveyor
assenbly configured to receive and support a plurality of st orage

devi ces such that the storage devices are vertically stacked and in spaced
relation 5 to each other, and the conveyor assenbly being operable to
convey the storage devices between the first slot and the second slot.

12. The storage device testing systemof claim 11, wherein the first slot
is configured to receive storage devices froman operator. 10 13.
The storage dévilbestprege deycsiranséensaftioplodickam 1, fusther edmpprisheg 4 facder sl ot i s
configured to receive, st.orage devices, one at a tinme, froman pperator.

T4 The Stgriye“itsinCed rRUR Ry ST S i irer bR RIEE G 1 ot
i's 15confhir@igherk fifst Ploesent storage devices for servicing by the autonated
machi nery. 15. The storage device testing systemof claim1l

wheréin the second slot is configured to present storage devices, one at a

time, for seryigj ted. i.neny .. 16. The storage
devi ce testin% §9§§8%%8?9§F§#%% fgaﬁggg?%ﬂﬁﬁéﬁg%%%ﬁgm%F%E;is configured to
recei ve st or agectdaut aemebd anddidee tiayirosvat el amohbadevce aithinwhesebnd t he first
slot is configured to present storage devices for retrieval by an operator.
2517. Th¥oke age device testing systemof claim1l, wherein the second

slot is control electronics in communication with the sensor,

10 wherein the control electronics are configured to control movement of the

conveyor assembly based, at least in part, on signals received from the detector.

9. The storage device transfer station of claim 1, wherein the conveyor assembly
is operable to convey the storage devices between the first slot and the second slot under

15 gravity.

10. The storage device transfer station of claim 1, further comprising;:

an electric motor drivably connected to the conveyor assembly; and

control electronics in communication with the electric motor, wherein the control
20  electronics are configured to control movements of the conveyor assembly via the electric

motor.

11. A storage device testing system comprising:
one or more test racks;
25 a plurality of test slots supported by the test racks, each of the plurality of test
slots being configured to receive a storage device for testing;
a storage device transfer station; and
automated machinery configured to transfer storage devices between the storage
device transfer station and the plurality of test slots,

30 wherein the storage device transfer station comprises:

28



configured to receive storage devices, one at a tine, fromthe automated
machi nery, and wherein the first slot is configured to present storage

devi ces, wWoOeoHt119586i ne, for retrieval by an operator. 3@C8USAII093a0e
device testing systemconprising: one or nore test racks; a plurality of
test slots supported by the test racks, each of the plurality of test slots
being configured to receive a storage device for testing; an input/output
station; and 5aut omat ed machi nery configured to transfer storage devices
bet ween the input/output station and the plurality of test slots, wherein
the input/output sgpfEQRseeTPrises: an input transfer station configured:
(i) to receive storage devices, 10(ii) to stock the received storage

devi ces in spaced (iBlaztéwd sias; @wch ot her, and (iii) to present the
storage devices foy..servicing by .the t onpt ed nachinery:  an . an
output transter st T EronGHm yruY EatbeEr bat SR e St g e ebs 11 om
15t he au{terpt aelibRGALNBRY theStRsde dRRct BehReicallPkRbIEddRYiif Sfackd raRamed
relation to each other, and present the tested storage devices for

r et r i ®valo,cach other, pod thergeneyer agembbubdes erssthingp eypyeecsforagedarices, wher ein
t he Inpué?ﬁéapéé?ﬁ“§%§%%$9m§%“%ﬂ%mhgurEd to receive storage devices

directly om an op 20. The storage device testing system
of claim 18, wherein the input transfer station is configured to receive
storage devices,_one at a tine, directly froman operator. .
12. The storage device testing system of claim 11, wherein the first slot is
configured to receive storage devices from an operator.
10
13. The storage device testing system of claim 11, wherein the first slot is

configured to receive storage devices, one at a time, from an operator.

14. The storage device testing system of claim 11, wherein the second slot is

15  configured to present storage devices for servicing by the automated machinery.

15. The storage device testing system of claim 11, wherein the second slot is
configured to present storage devices, one at a time, for servicing by the automated
machinery.

20

16. The storage device testing system of claim 11, wherein the second slot is

configured to receive storage devices from the automated machinery, and wherein the

first slot is configured to present storage devices for retrieval by an operator.

25 17. The storage device testing system of claim 11, wherein the second slot is
configured to receive storage devices, one at a time, from the automated machinery, and
wherein the first slot is configured to present storage devices, one at a time, for retrieval

by an operator.

30 18. A storage device testing system comprising:

29



21. The storage device testing systemof claim18, wherein the output
transfer 25station is configured to present tested storage devices for
retri evalwbyorniejser at or . 22. The storage devi cePC&4iSko1g/02988t em of
claim 18, wherein the output transfer station is configured to present
tested storage devices, one at a tine, for retrieval by an operator. 30

23. A method of supplying storage devices to a storage device testing
system the nethod conprising: manually loading a plurality of storage
devices into a storage device transfer station; 5actuating automated

machi nery to getdifye (Qptackl;orage device of the plurality of storage
devices fromthe storage device transfer station; and actuating the

aut omat ed machpheality pbtestelloty suppohted by thestessradie, aelriof thetpduralityedttess| ot of t he
st or age etvibcle telsiéi ng stem ant% i nrs?ert tfhe[ Qne. storage device in the test
sl ot, whEP&"HMERE"LEY %E’\é GeVE &&"OMFEIASY SR "Yt'at%nh i s configured to receive
and support theinpQpdutp@lstdipnodndst or age devices such that the plurality of
storage devices are nmaintained in spaced relation to each ot her.

24. The net hotltematef aashmery conédewicd tortarden sjorpgradiivings bhlavegh theal ity of

st orage I nr. i I \: orage devices one at atinme into

t he storlagéf/cggﬁlftgsga%étaﬁgﬁlsefpgr&qgggﬁtgsg.S I%ES’ 25. The nethod cl ai m 23,
wher ei N manuawhyrelna@dimpat/bl@uidtatioal dotnprieés: St or age devi ces conpri ses feedi ng
the plurality of storage devices into the storage device transfer station
through a first sl #tingpt Heter staten epnfigussd on. 20 26. The nethod

claim 23, wherein the stpi3g&ideMbcs. itansfer station is configured to
recei ve and support the&gilrouralge?y 0 estorage devi ces such that the

plurad ity of storage dedi)destoek thewercivedatdrygesdeaades th graded relaipadcedachel at i on
to each other.
other, and
(iii) to present the storage devices for servicing by the automated
machinery; and
an output transfer station configured to receive tested storage devices from
15 the automated machinery, stock the tested storage devices in spaced relation to

cach other, and present the tested storage devices for retrieval.

19. The storage device testing system of claim 18, wherein the input transfer
station is configured to receive storage devices directly from an operator.
20
20. The storage device testing system of claim 18, wherein the input transfer

station is configured to receive storage devices, one at a time, directly from an operator.

21. The storage device testing system of claim 18, wherein the output transfer

25  station is configured to present tested storage devices for retrieval by an operator.

22. The storage device testing system of claim 18, wherein the output transfer
station is configured to present tested storage devices, one at a time, for retrieval by an
operator.

30
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2527. A storage device transfer station, conprising: a first slot, and a
second sl ot; and a conveyor assenbly configured to receive and

support awpl2orialipis¢ of storage devices such the plurali PgTafS26itoeesge

devices are nmaintained in spaced relation to each 30ot her,
t he conveyor assenbly is configured to deliver the plurality of storage

devi ces between the first slot and the second slot under gravity.

10

15

20

25

30

23. A method of supplying storage devices to a storage device testing system, the
method comprising:

manually loading a plurality of storage devices into a storage device transfer
station;

actuating automated machinery to retrieve one storage device of the plurality of
storage devices from the storage device transfer station; and

actuating the automated machinery to deliver the one storage device to a test slot
of the storage device testing system and insert the one storage device in the test slot,

wherein the storage device transfer station is configured to receive and support the
plurality of storage devices such that the plurality of storage devices are maintained in

spaced relation to each other.

24. The method of claim 23, wherein manually loading the plurality of storage
devices comprises loading the storage devices one at a time into the storage device

transfer station.

25. The method claim 23, wherein manually loading the plurality of storage
devices comprises feeding the plurality of storage devices into the storage device transfer

station through a first slot of the transfer station.

26. The method claim 23, wherein the storage device transfer station is
configured to receive and support the plurality of storage devices such that the plurality

of storage devices are vertically stacked and in spaced relation to each other.

27. A storage device transfer station, comprising:

a first slot, and

a second slot; and

a conveyor assembly configured to receive and support a plurality of storage
devices such the plurality of storage devices are maintained in spaced relation to each

other,

31
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wherein the conveyor assembly is configured to deliver the plurality of storage

devices between the first slot and the second slot under gravity.
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