Transferring Storage Devices Within Storage Device Testing Systems TECHNICAL FIELD [0001]This
disclosure relates to transferring storage devices within storage device testing systems.
5BACKGROVNIYNBIisk drive manufacturers typically test manufacturd€#iER29AY8478p
compliance with a collection of requirements. Test equipment and techniques exist for testing large
numbers of disk drives serially or in parallel. Manufacturers tend to test large numbers of disk drives
simultaneously in batches. Disk drive testing 10systems typically include one or more racks having
multiple test slots! taasfedeng Hielegeldavise e ¥inbindvosrerdwswsglestingnrysiiiimediately
around the disk drive is closely regulated. Minimum temperature fluctuations in the testing environment
are critical for accurate test conditions andIfBCEMBI Dt Disk drives. The latest generations of 15
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more sensitive to vibration. Excess vibration can affect the reliability of test results and the integrity of

electrical connéetiepéestingisstest.conditions, the drives themselves can propagate vibrations through
supporting structures or fixtures to adjacent units. This vibration "cross-talking," together with external
sources Qf 20vibration, contributes to bump B I& p and non-repetitive run-out (NRRO),
which may result in lower test yields and increasegJ manufacturing costs. [0004]Current disk drive
testing system&)82l an opeRissrdraverobanidfastniciitypically test manufactured disk drives for

compliance with a collection of requirements. Test equipment and techniques exist
for testing large numbers of disk drives serially or in parallel. Manufacturers tend to
test large numbers of disk drives simultaneously in batches. Disk drive testing

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

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

20 vibration, contributes to bump errors, head slap and non-repetitive run-out (NRRO),
which may result in lower test yields and increased manufacturing costs.
[0004] Current disk drive testing systems use an operator, a robotic arm, or a
conveyer belt to individually feed disk drives to a transfer location for loading into the

testing system for testing. A robotic arm of the testing system individually retrieves

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

device testing system includes actuating an automated transporter (e.g. robotic arm,
gantry system, or multi-axis linear actuator) to retrieve multiple storage devices

30 presented for testing, and actuating the automated transporter to deliver each retrieved



conveyer belt to individually feed disk drives to a transfer location for loading into the testing system for
testing. A robotic arm of the testing system individually retrieves 25the disk drives from the transfer
location andNE@8&8A test slots for testing. SUMMARY [0005]In one adfetURMUEHOY Df
transferring storage devices within a storage device testing system includes actuating an automated
transporter (e.g. robotic arm, ganfiy system, or multi-axis linear actuator) to retrieve multiple storage
devices 30presented for testing, and actuating the automated transporter to deliver each retrieved
storage deviceStorasrelyiGHive ISR QY Oicth & B F e Evee SlBish i Ly icaMR It Insert each storage

device in the respectivg teshgdale{QRQGH v pleppantatisns@f this aspect of the disclosure may include
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the storage device transporters, each carrying one of the storage devices, to the respective test slots.
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transporters, each carrying one of the storage devices, to the respective test slots. In

10 some examples, each of the storage device transporters is inserted into a respective
test slot, engaging the carried storage device with a respective connector of the
storage device testing system. The inserted storage device transporters provide
closure of their respective test slots.
[0007] In some implementations, the storage devices are present in at least one

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

20 storage device transporter away from the storage device tote.
[0008] The automated transporter preferably includes a manipulator
configured to transport multiple storage devices. For example, in the case of a robotic
arm as the automated transporter, the manipulator is secured to a distal end of the
robot arm. In some examples, the manipulator includes first and second connectors

25 disposed on a manipulator body and arranged in a substantially V-shaped
configuration with respect to each other. The connectors are configured to releasably
attach to a storage device transporter.
[0009] In another aspect, a method of transferring storage devices within a
storage device testing system includes actuating an automated transporter having a

30 manipulator to retrieve an untested storage device presented for testing. The
manipulator is configured to transport multiple storage devices. The method includes

actuating the automated transporter to deliver the retrieved untested storage device to



[0007]In some implementations, the storage devices are present in at least one 15storage device tote
presented to the storage device testing system. The automated transporter retrieves each of the
storage deVi¥O2HIM2HH82at least one storage device tote with the correspoRETRY S ABY Wvice
transporter by positioning the storage device transporter below the storage device, lifting the storage
device off a storage device support of the storage device tote, and carrying the storage device in the
20storage device transporter awa%ét from the storage device tote. [0008]The automated transporter

preferably incldde¥P RSSO dBRAREudD afsHBR TP Sty deBYieted For example, in the
case of a robotigakh @sithariemaiad trassporer henmanipulator is secured to a distal end of the

robotarm. In's xamples, the manipulator.includes first and second connectors 25disposed on a
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includes actuatirghipiesaihonatestttenspadenda deliveditpescatity aeotniestad sioragadevice to

The connectors are configured to releasably attach to a storage device transporter.
[0011] In some examples, the method includes actuating the automated

10 transporter to retrieve a storage device transporter, actuating the automated transporter
to retrieve the untested storage device presented for testing by carrying the untested
storage device with the storage device transporter, and actuating the automated
transporter to deliver the storage device transporter to the respective test slot. The
storage device transporter is inserted into the test slots, engaging the carried untested

15 storage device with a respective connector of the storage device testing system. The
inserted storage device transporter provides closure of its respective test slot.
[0012] In some implementations, the untested storage device is present in a
storage device tote presented to the storage device testing system. The automated
transporter retrieves the untested storage device from the storage device tote with the

20 corresponding storage device transporter by positioning the storage device transporter
below the untested storage device, lifting the untested storage device off a storage
device support of the storage device tote, and carrying the untested storage device in
the storage device transporter away from the storage device tote.
[0013] In some implementations, the method includes actuating the automated

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

30 tested storage device and carrying the tested storage device with its respective storage
device transporter to the destination location. The method may include actuating the
automated transporter to deliver the storage device carried by its respective storage

device transporter to a receptacle of a destination storage device tote.



a respective test slot of the storage device testing system and insert the untested storage device in its
respective test slot for testing. [0010]Implementations of this aspect of the disclosure may include one
or more of tNORBIIIgFeatures. In some implementations, the manipulatoPfAtNAE89HEPANd second
connectors disposed on a manipulator body and arranged in a substantially V-shaped configuration

with respect to each other. However, in some examples, the first and second connectors are disposed

180 degrees from one another. The connectors are configured to releasably attach to a storage device
transporter. [0099H some ExaMPIELsSniensEedrd ardstnsatiriganddisontalin 4 otransporter to

retrieve a storagg4ie\deadsansperiescaciating Haaiig moded tanspangoierativaveasthe untested

storage device presiited for lesting by, camying dhe untested stprage devics yith the storage device
transporter, and actuating the automated trafisporter to deliver the storage device transporter to the

respective testdsioteTeringoratgand dlicentrEinslotnter denfigente thitito yherttasi tghdt stamgraging the carried
untested s Sstojage.deviee i & FRARRS IR SANRE RN AL & S gRedaYiga; iRsing Ssystem. The

inserted storage device transporter provides closure of its respective test slot. [0012]In some
implementation& e Atesteirgtsiages de it sa bt alot irctraisedle Bevmacbiehrshted to the

storage devicerasting systeohdkhg.aviamistarbiranspestad telfiqvesiihe dntaatedsiptage device from
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device supportdef itvestofiagedadicsttate venk canyyipghtreamtestedgstdrage device in the storage
device t%nSpof{)@ﬁﬂway frofﬁlﬂi@ll%rr%ﬁgﬁs %?Yﬁ?@ag(ﬁ%%t of the disclosure may include one or

more of the following features. In some implementations, the method includes
actuating the automated transporter to deliver the retrieved second storage device to
the first test slot, and
actuating the automated transporter to insert the second storage device into the first
15 test slot. The manipulator includes a manipulator body and first and second
connectors disposed on the manipulator body. The connectors are arranged in a
substantially V-shaped configuration with respect to each other and are each
configured to releasably attach to a storage device transporter. The manipulator
transports the first and second storage devices in corresponding releasably attached
20 storage device transporters. In examples where the storage devices are each carried in
a corresponding storage device transporter, inserting each storage device into one of
the test slots includes inserting the corresponding storage device transporter into the
respective test slot, engaging the carried storage device with a respective connector of
the storage device testing system, the inserted storage device transporter providing
25 closure of its respective test slot.
[0016] In yet another aspect, a storage device testing system includes an
automated transporter, at least one rack about the automated transporter for access by
the automated transporter, and multiple test slots housed by each rack. Each test slot
is configured to receive a storage device for testing. A transfer station, arranged for
30 access by the automated transporter, presents multiple storage devices for testing. A
manipulator attached to the automated transporter is configured to carry multiple

storage devices.



[0013]In some implementations, the method includes actuating the automated 25transporter and the
manipulator to retrieve a tested storage device from its respective test slot and cal-lying the tested
storage devi¥@ f8®/#3fAation location, such as a destination storage devi@& TS24 E¥hod may
include actuating the automated transporter to retrieve the tested storage device from its respective
test slot by actuating the manipulator to engage a respective storage device transporter of the
30tested storage device and carrying the tested storage device with its respective storage device
transporter to tHE ddstinatiofRIERsarR PR BthaP RS theitiie stta MmgtRe R Eted transporter to
deliver the storage: devicetriviag RytiifsespeativensitingaAoviceny anspanasitd a receptacle of a
destination storagg dre\g%e rtqta. Oag[g 9(112n9:ﬁ£13 P 'I;éUS(%O(I)Q/(t)r%OYQE;tJPO]TﬂIn another aspect, a
method of tranSTer ugestc?rfg% devidesWithin'a ﬁgrsaﬁe%fe\ﬁtvzé"%esﬁﬁ%osyssfem includes actuating an
automated tramspopdethaviolyEniiastipulatootd cetrievora dirsostd e davivdahobodd #nda first test slot
of the storage deyicedSstingmuiRy V_%&E@J‘&H@%{%ﬁ%{w ddqdrapsRartMyltiple storage
5devices. The method includes actuating the automated transporter to deliver the retrieved first
storage devicef3EEOELHE tartigisd defigkamp hataphdmatédaga depisrrterrsttieve a second storage
device from theosegpnd testsinvhiabaley/intethenfifst siatagactenice randeactaating the automated
transporter to iﬂser.t the fi{,st stgrta e devicedinto ti}te sel?opd ttest slgt whi{etcarrying the second storage
device. [OOlS]IrﬁBfénr%éﬂrtla%ﬁes 0 Fl(fglvaes%réCFI%ﬂpt%e iscfostire eaye?frll%?uaéesolﬁg or more of the
following featupesseimasomeoitiple foesttationg bihibaaethoetéd crantps aatuBtivigs thie gutorvated transporter
to delivepythe reSKERRRGABH SIIPAGHRY FRIAHES Dratdest dokanbhactualifg g Automated

transporter to insert the second storage device into the first
cach house a storage device.

[0019] The details of one or more implementations of the disclosure are set
forth in the accompanying drawings and the description below. Other features,

objects, and advantages will be apparent from the description and drawings, and from

15 the claims.
DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a perspective view of a storage device testing system and a

transfer station.

[0021] FIG. 2 is a top view of a storage device testing system and a transfer
20 station.

[0022] FIG. 3 is a perspective view of a storage device testing system and a

transfer station.

[0023] FIG. 4 is a perspective view of a storage device being inserted into a

test slot of a storage device testing system.

25 [0024] FIG. 5 is a perspective view of a storage device transporter.
[0025] FIG. 6 is a perspective view of a storage device transporter carrying a
storage device.
[0026] FIG. 7 is a bottom perspective view of a storage device transporter
carrying a storage device.

30 [0027] FIG. 8 is a perspective view of a robotic arm with a manipulator
secured to its distal end.
[0028] FIG. 9 is an elevated front perspective view of a manipulator for a

robotic arm.



15test slot. The manipulator includes a manipulator body and first and second connectors disposed on
the manipulator body. The connectors are arranged in a substantially V-shaped configuration with
respect to ech28t382%3%a are each configured to releasably attach to a stoRGEEHBLEEASporter.
The manipulator transports the first and second storage devices in corresponding releasably attached
20storage device transporters. In examples where the storage devices are each carried in a
corresponding storage device transporter, inserting each storage device into one of the test slots
includes inserth§2e correSPontiiityAstirdd! sravibe WaFHESOHEY iy tradERpaHvE a8 lot, engaging
the carried storagedevice with a respective connector of the storage device testing system, the

inserted storaqg&mice trarﬁ%qitler providin}% dzt?d sure of its gees\ggfgve testlsj[ot.f£0016]ln yet another

. 18 an eleva ont perspectiv manipu T a
aspect, a storage device testing system includes am atkomate transpo?tt(laP, at least ne rack about the

automated transparterrfor access by the automated transporter, and multiple test slots housed by each

rack. Eagh tesr[gdgﬁés configyred I reFENR & SIURAG HLUSR LIS RING AnltAR SRl Station, arranged for

30access by the automated transporter, presents multiple storage devices for testing. A manipulator
attached to thePatitt¥hated transporter is configured to carry multiple storage devices. WO

2009/129382P@03R)S2009/040 7135 { Pt Kimplemprtatiansafcthisaspett of dhecdiselasure may include
one or

position.
[0033] FIG. 14 is a perspective view of a transfer station.
10 [0034] FIG. 15 is a perspective view of a tote in a presentation position for

placement on a tote presentation support system of a transfer station.

[0035] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION
[0036] Bulk feeding of storage devices in a storage device testing system is
15 advantageous over manual individual feeding of storage devices by providing

increased through-put and efficiency of the storage device testing system, inter alia.
As will be discussed in detail, presenting multiple storage device totes (also referred
to as totes), which hold multiple storage devices, to a storage device testing system
allows continual storage device testing, disk sorting amongst multiple storage device

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

25 tote) to the storage device testing system and then walk away to service another
system. Bulk feeding of storage devices in storage device totes also allows automatic
sorting of tested drives with the storage device totes, as will be discussed below.
[0037] A storage device, as used herein, includes disk drives, solid state
drives, memory devices, and any device that requires asynchronous testing for

30 validation. A disk drive is generally a non-volatile storage device which stores
digitally encoded data on rapidly rotating platters with magnetic surfaces. A solid-
state drive (SSD) is a data storage device that uses solid-state memory to store

persistent data. An SSD using SRAM or DRAM (instead of flash memory) is often

6



more of the following features. In some implementations, the manipulator is configured to releasably
attach to multiple storage device transporters. The manipulator includes first and second connectors
disposed orM¥ORAHIBAEISr body and Sarranged in a substantially V-shapedPédHGUINON Rith respect
to each other. The connectors are configured to releasably attach to a storage device transporter.
[0018]In some examples, the transfer station includes a transfer station housing configured to receive
and support multiple storage device totes in a presentation position for servicing by the automated

transporter. EHSr Eitce Thidtanmelitieets sotepibaditiumiske gl &orage device

receptacles cogfiguseddareachcbrvisechasioipgs deyice. [0019]The details of one or more
implementatioi8 % he disc re are 13% ff)_gth in the acc%rnqga%%%rﬁg drf%lwing%1 and the description
a

below. Other f ?ur S, objec %,egﬁr%:?éodvan ages willbe glﬁ%aren rom thé chggcnfﬁ‘ﬂlg% and drawings,

and from 15thdestaigtysDESGRIRTRNOFRD RRAINGE[00A0TPIGT 208 @ pedipectiverview of a
storage devicedesting SYaiesP And. a4 anRIgr taR JORAH GrldsidoP Wewef @ storage device

testing system anda transfer 20station.
substantially normal to a floor surface 10. In the examples shown, the automated

transporter 200 comprises a robotic arm 200 operable to rotate through a
predetermined arc about the first axis 205 and to extend radially from the first axis
205. The robotic arm 200 is operable to rotate 360° about the first axis 205 and

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

15 200 defines a substantially cylindrical working envelope volume 210, with the racks
300 being arranged within the working envelope 210 for accessibility of each test slot
310 for servicing by the robotic arm 200. The substantially cylindrical working
envelope volume 210 provides a compact footprint and is generally only limited in
capacity by height constraints. In some examples, the robotic arm 200 is elevated by

20 and supported on a pedestal or lift 250 on the floor surface 10. The pedestal or lift
250 increases the size of the working envelope volume 210 by allowing the robotic
arm 200 to reach not only upwardly, but also downwardly to service test slots 310.
The size of the working envelope volume 210 can be further increased by adding a
vertical actuator to the pedestal or lift 250.

25 [0039] The automated transporter 200 (e.g. robotic arm) is configured to
independently service each test slot 310 to provide a continuous flow of storage
devices 500 through the testing system 100. A continuous flow of individual storage
devices 500 through the testing system 100 allows random start and stop times for
cach storage device 500, whereas other systems that require batches of storage

30 devices 500 to be run all at once as an entire testing loaded must all have the same
start and end times. Therefore, with continuous flow, storage devices 500 of different

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



[0022]FIG. 3 is a perspective view of a storage device testing system and a transfer station. [0023]FIG.
4 is a perspective view of a storage device being inserted into a test slot of a storage device testing
system. 25[0239912%583 a perspective view of a storage device transportdiCTIOSHPF0Bfs a
perspective view of a storage device transporter carrying a storage device. [0026]FIG. 7 is a bottom
perspective view of a storage device transporter carrying a storage device 30[0027]FIG. 8 is a
perspective view of a robotic arm with a manipulator secured to its distal end. 50028]FIG. 9is an

elevated front P& Pective &iFE1E iEpuRtbrissRIstrvississtipgsystem 100 includes
2009/129382P£itdhiFe2 AR n igured for bulk feeding of storage devices 500 to the

automated transporter 200 (e.g. a robotic arm, as shown). The automated transporter
200 independently services each test slot 310 by transferring a storage device 500
5 between the transfer station 400 and the test slot 310. The transfer station 400 houses

one or more totes 600 carrying multiple storage devices 500 presented for servicing
by the automated transporter 200. The transfer station 400 is a service point for
delivering and retrieving storage devices 500 to and from the storage device testing
system 100. The totes 600 allow an operator to deliver and retrieve a collection of

10 storage devices 500 to and from the transfer station 400. In the example shown in
FIG. 3, each tote 600 is accessible from respective tote presentation support systems
420 in a presentation position and may be designated as a source tote 600 for
supplying a collection of storage devices 500 for testing or as a destination tote 600
for receiving tested storage devices 500 (or both). Destination totes 600 may be

15 classified as “passed return totes” or “failed return totes” for receiving respective
storage devices 500 that have either passed or failed a functionality test, respectively.
[0041] In implementations that employ storage device transporters 550 for
manipulating storage devices 500, as shown in FIG. 4, the robotic arm 200 is
configured to remove a storage device transporter 550 from one of the test slots 310

20 with the manipulator 700, then pick up a storage device 500 from one the totes 600
presented at the transfer station 400 with the storage device transporter 550, and then
return the storage device transporter 550, with a storage device 500 therein, to the test
slot 310 for testing of the storage device 500. After testing, the robotic arm 200
retrieves the tested storage device 500 from the test slot 310, by removing the storage

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

30 [0042] The test slot 310, shown in FIG. 4, defines an opening 312 configured
to receive the storage device transporter 550, which in this case provides closure of
the test slot 310. The storage device transporter 550 is configured to receive the

storage device 500, as shown in FIG. 5, and be handled by the automated transporter



[0029]FIG. 10 is a elevated rear perspective view of the manipulator shown in FIG. 9. [0030]FIG. 11 is
an elevated front perspective view of a manipulator for a robotic arm. 5[0031]FIG. 12 is a perspective
view of a std¥Y&RIWEABIote in a loading position. [0032]FIG. 13 is a perspBEiVESHWO}MP HWEtorage
device tote in a presentation position. [0033]FIG. 14 is a perspective view of a transfer station.
10[0034]FIG. 15 is a perspective view of a tote in a presentation position for placement on a tote
presentation support system of a transfer station. [0035]Like reference symbols in the various

drawings indicatE ik Ere s E s EPRACEBVISE SHRPFION 00 518 feurris 6f ©orage devices in a

storage devicettesting Systeit ihclBdv20Uageous auebinanuatiaciievatdemagding: of storage devices by

providing indentation 552 of the transporter 550 with the manipulator 700 of the robot 200). In

some examples, as illustrated in FIGS. 5-7, the storage device transporter 550

5 includes a frame 560 defining a substantially U-shaped opening 561 formed by

sidewalls 562, 564 and a base plate 566 that collectively allow the frame 560 to fit
around a storage device support (not shown) in the tote 600 so that the storage device
transporter 550 can be moved (e.g., via the robotic arm 200) into a position beneath
one of the storage devices 500 housed in one of multiple storage device receptacles

10 620 defined by the tote 600 (see e.g., FIGS. 8-9). The storage device transporter 550
can then be raised (e.g., by the robotic arm 310) into a position engaging the storage
device 600 for removal from the tote 600.
[0043] With the storage device 500 in place within the frame 560 of the
storage device transporter 550, the storage device transporter 550 and the storage

15 device 500 together can be moved by the robotic arm 200 for placement within one of
the test slots 310, as shown in FIG. 4. In some implementations, the manipulator 700
is also configured to initiate actuation of a clamping mechanism 570 disposed in the
storage device transporter 550. This allows actuation of the clamping mechanism 570
before the transporter 550 is moved from the tote 600 to the test slot 310 to inhibit

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

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

30 inhibit movement of the storage device transporter 550 relative to the test slot 310.
The clamping of the transporter 550 in this manner can help to reduce vibrations

during testing. In some examples, after insertion, the storage device transporter 550



increased through-put and efficiency of the storage device testing system, inter alia. As will be
discussed in detail, presenting multiple storage device totes (also referred to as totes), which hold
multiple stoM§SHNAgRIB2t0 a storage device testing system allows continuZR(KSrSHEINHIOE testing,
disk sorting amongst multiple storage device 20totes, minimal user intervention, and increased
efficiency over current systems, inter alia. Bulk feeding of storage devices in storage device totes
provides the advantage of shop floor flexibility (e.g. by providing the ability to easily redirect a storage

device tote or ¥aHCHEG IR C AR Y It Gibehtamrt st scrarstihermiiertshvEyors). An
operator can presenfualBaichiaftasivess(ergivia the storage device 25tote) to the storage device testing
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releasably attach to a storage device transporter 550. In the examples shown, each

10 connector 740 includes first and second tabs 742, 744 opposedly coupled to a tab
actuator 750 disposed on the arm 720,730. The tab actuator 750 is operable to move
its coupled tabs 742, 744 in opposing directions to releasably engage and hold a
storage device transporter 550. To grab the storage device transporter 550, the robotic
arm 200 and manipulator 700 are actuated to maneuver one of the connectors 740 to

15 place the tabs 742, 744 into the indentation 552 of the storage device transporter 550
and then actuate the tab actuator 740 to move the tabs 742, 744 away from each other
and engage the indentation 552 to releasable attach to the storage device transporter
550. In some examples, the tabs 742, 744 are hook shaped and/or have friction pads
to engage the indentation 552 of the storage device transporter 550. Each arm 720,

20 730 of the manipulator 700 has first and second clamp actuators 762, 764 configured
to engage the clamping mechanism 570 of the storage device transporter 550. The
clamp actuators 762, 764 may be operable to push or pull on the clamping mechanism
570 to engage/disengage the clamping mechanism 570.

[0045] In the example illustrated in FIGS. 12-13, the tote 600 includes a tote

25 body 610 having a front side 611, a back side 612, a top side 613, a bottom side 614, a
right side 615 and a left side 616. The tote body 610 defines multiple storage device
receptacles 620 in the front side 611 that are each configured to house a storage
device 500. In some examples, the tote 600 rests on its back side 612 while in the
loading position, such that the storage device receptacles 620 are substantially vertical

30 and face upward, as shown in FIG. 12. In other examples, the tote 600 is held in
another orientation while in the loading position, such as at an incline or in a vertical
orientation, as with the presentation position. In the presentation position, the tote

600 rests on its bottom side 614, such that the storage device receptacles 620 are

10



[0038]Referring to FIGS. 1-3, in some implementations, a storage device testing system 100 includes
at least one automated transporter 200 (e.g. robotic arm, 5gantry system, or multi-axis linear actuator)
defining a fiNO20018%3%3ee FIG. 3) substantially normal to a floor surface PETIWIRYE 4R {Sles shown,
the automated transporter 200 comprises a robotic arm 200 operable to rotate through a
predetermined arc about the first axis 205 and to extend radially from the first axis 205. The robotic
arm 200 is operable to rotate 360 about the first axis 205 and 10includes a manipulator 700 disposed

at a distal end S teHsle MBI dSa s Rerdb it s tdfads débrdete dedvanidor storage device

transporters 5aRfiaccary Heostopaitvicght 200 kseadrsy 15165 &F e Midltipls rA0ksas00 are
arranged arougd the 1obrot'c:t arm 2(1)t0ﬂ1;ort steré/d'Bing by the robotic arm 200. Each rack 300 houses
multiple test sI8t€ ST0EoR |g%?‘é%pf)o receive storage devices 500 for testing. The robotic arm 15200
defines a substéddidlly cylintiribalexampleghemelegb solageal Qi witiptdedeGkmd0odebeing arranged

within the, workipg.epyelana A AGERhIUML BAGR teshBlat 3R preendings by e robotic arm

200. The substantially cylindrical working envelope volume 210 provides a compact footprint and is

generally only Hpfiggive¢aiosmetipyisrerghte sl st tiidamnd BsainprsdaricseBoatlomm 200 is

elevated by 2Q@necsuppeshonapadasiplaidiia25Q andthefigonsustaapi: depedestal or lift 250
increases the size.of the working envelope vyolume 210 by. allowing the robotic.arm. 200 to reach not
c% 9[ Cﬁi? ts?or eH ? ?agirgl tl (():08

only upwardly,cbolrjpg\lsrg OWHRNZ 0°SeTvice s Os ots e sﬂz%%? tRE wor S'|r1|rg1;aenvelope volume

210 can be furtinbstimtrdlaysexdtioyl addingiany enticdha chaatorags theipediébitak ertdifd 2600 25[0039]The
automatgd tranggodern 200 (et SRPAHC AR i%c%B{A@Q%%! [iRAgRE Rty SGEyieE each test slot 310

to provide a continuous flow of storage devices 500 through the testlr\lx%; system 100. A continuous flow

of individual stdpXiss awEdesBl thiro IRiRCHFe fAtie Kowenderits al8Werahasiordgart and stop times

for each storaggwevice-pRBicwberars eiagr gustementipatieqsia batahasobatevage 30devices 500 to
be run all at once as zén enti 8 t§Sti%%|§§de€0mUSt | @ave the same start and enﬁj times. Therefore,
gheeia) 0% 3

with continuou%t?lr&%f, O ke 4t err%np gaglaﬂ&ﬁi%tg%%?ﬂ%l?ﬁﬁeg?qﬁ e time and
serviced (loadeddxritvagtdd) Hf theadwdge device 500 off of the storage device support 622. The

15 storage device transporter 550 is then removed from the storage device receptacle 620
while carrying the storage device 500 for delivery to a destination target, such as a test
slot 310.
[0047] Referring to FIG. 14, in some implementations, the transfer station 400
includes a transfer station housing 410 and multiple tote presentation support systems

20 420 disposed on the transfer station housing 410. Each tote presentation support
system 420 is configured to receive and support a storage device tote 600 in a
presentation position for servicing by the storage device testing system 100.
[0048] In some implementations, the tote presentation support systems 420 are
cach disposed on the same side of the transfer station housing 410 and arranged

25 vertically with respect to each other. Each tote presentation support systems 420 has a
different elevation with respect to the others. In some examples, as shown in FIG. 15,
the tote presentation support system 420 includes first and second opposing pairs 422,
424 of tote support arms 426 configured to be received by respective arm grooves 630
defined by the tote body 610 of the storage device tote 600.

30 [0049] Referring again to FIG. 14, a tote mover 430 is disposed on the transfer
station housing 410 and is configured to move a pivotally coupled tote loading
support 440, which is configured to receive and support a storage device tote 600.

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

11



WO 2009/129382PCT/US2009/040795 [0040]Referring to FIGS. 3-4, the storage device testing
system 100 includes a transfer station 400 configured for bulk feeding of storage devices 500 to the
automated YEA3PEEPIRI0 (e.g. a robotic arm, as shown). The automated tPAITESIHEP/PHF9S
independently services each test slot 310 by transferring a storage device 500 5between the transfer
station 400 and the test slot 310. The transfer station 400 houses one or more totes 600 carrying

multiple storage devices 500 presented for servicing by the automated transporter 200. The transfer
station 400 is PL8HOR TISiFRIFIPASVEIIHY QRE sEHEgIRY Ydhs deuiontiag B9p% Hd from the storage
device testing systes #Rdirdthedvias RO anape aeidotdelsreriandortiigye-iticallection of

10storage devg:es 500, to.an rom tg% transfer, station 400. LrS1 ﬁh‘% eoﬁzt%e %Q?hvgr% n E G. 3, each tote

600 is accessi f&frlgr%l}oeréfooélc Ive tote porne%tenfe}ﬁ%nm&%lsg?ﬁ systré h'a presentation position and

may be designpteidas smidoestoteos@0 dovisapptyit m dullpctioratibstpesierdegcasa500 for testing or
asa des@naﬂOEth{%ﬁ%f%rfﬁﬁ%\ﬂ&%{?&?Qt%1%69&19%‘(& e QR BRiindiag totes 600 may

be 15classified as "passed return totes" or "failed return totes" for receiving réspective storage devices
500 that have EMhSFpEEgY BreritEadRiiisaing Yasm H¥becnyhsaeRatierimpgthentations that
employ storagendgwiee:tiapsaofirreRddenmanpupting sierageodeviser 900,688 stwwn in FIG. 4, the

;01%0“" arm 200,y GO e (G, S O E &5 S AR VIcE HANS QAL Ao fashane of the test slots
accidentally slipping out of the tote 600.

10 [0050] A method of performing storage device testing includes presenting
multiple storage devices 500 to a storage device testing system 100 for testing and
actuating an automated transporter 200 (e.g. robotic arm) to retrieve one of the storage
devices 500 from the storage device tote 600 and deliver the retrieved storage device
500 to a test slot 310 of a rack 300 of the storage device testing system 100. The

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

20 implementations, the method includes retrieving multiple presented storage devices
500 and delivering each of the storage devices to a respective test slot 310. In other
implementations, the method includes shuffling storage devices 500 amongst test
slots 310 by actuating the automated transporter 200 to remove a first storage device
500 from a first test slot 310 and carrying it with the first arm 720 of the manipulator

25 700, moving to a second test slot 310 and removing a second storage device 500 and
carrying it with the second arm 730 of the manipulator 700, and then inserting the first
storage device 500 into the second slot 310. The method may also include actuating
the automated transporter 200 to move the second storage device to the first test slot
310 and inserting the second storage device 500 in the first test slot 310. For this

30 mode of operation (storage device shuftling), the dual-armed manipulator 700
provides distinct advantages over a single-armed manipulator by allowing direct
exchanges of storage devices 500 at each stop, rather than having to take a storage

device 500 out of a first test slot 310, park the storage device 500 in an empty slot 310

12



20with the manipulator 700, then pick up a storage device 500 from one the totes 600 presented at the
transfer station 400 with the storage device transporter 550, and then return the storage device
transporter 80 200rA 2 brage device 500 therein, to the test slot 310 for teREHY AWM NWBage device
500. After testing, the robotic arm 200 retrieves the tested storage device 500 from the test slot 310,
by removing the storage 25device transporter 550 carrying the tested storage device 500 from the test
slot 310 (i.e., with the manEulator 700), carrying the tested storage device 500 in the storage device

transporter 5504kt AP ERFATAOE, SrashamiiaI AN & eestside eV h RSP rter 550 to
return the testenhsterage devies R domnarafttiesiotesioefahthediansier plation 46 30[0042] The

test slot 310, shown IG, 4, defines, an openin nfigured to receive, the starage device
ransporter £50 MR Bt SRR 21 i e B B o ice wansporter
550 is configurethty setsiveivé ptdiagertesfite 500a@sishiowrb M FId s Sywappitgstezudied by the

automated trangpQItesod Ao L4S6098& Qb ihe storage device transporters 550 is removed from one of
the test slots 310 with the robot 200 (e.g., by grabbing, or otherwise engaging, the indentation 552 of

the transporter 80 With thePisash 10D ass fehise ) fehteting BRahsReucw Wstrated in

FIGS. 5-7, the plaragendryRe i5aRsRMREDSI) Difvlites aticoethit dolinng alsiibsiantially U-shaped
opening 561 formed by sidewglls 562, 564 and a base plate 566 that collectively allow the frame 560
8 § SRR R o

to fit around a %tt%rra jédevice sulﬁlﬁ)oosrttéfﬁ%? Vd%r{)e(fﬁpttﬁ 'S8 tRaf t%gr%%oragéc%levice

transporter 5500taf0beamvedii(e ¢, sraagredrobotiotanP0200) dnto thepoeitionsbénedl one of the storage

devices 300 hquged n.pas O MUIRISSILALS d8yicedRsRRRSRS LRALGAefiner by the tote 600 (see
e.g., FIGS. 8-9). The storage device transporter 550 can then be ralsedéoe. ., by the robotic arm 310)
5

into a position eAYHAG el PagiE ALieP BOD YR RIS TLNHBRIAREC RS - YOr48]With the storage
device 500 in plagecwdtimbtaadbmmm 56 ofbhiese device tote 600 is supported in the

presentation position by one of multiple tote presentation support systems 420
disposed on the transfer station housing 410 and arranged vertically with respect to

15 each other. Multiple storage device totes 600, each housing storage devices 500, can
be sequentially placed in the loading position on the transfer station 400 and moved
by the tote mover 430 to its respective presentation position at one of the multiple tote
presentation support systems 420 for servicing by the storage device testing system
100.

20 [0052] In retrieving one or more of the presented storage devices 500 for
testing, the method preferably includes actuating the automated transporter 200 to
retrieve a storage device transporter 550 (e.g. from a test slot 310 housed in a rack
300), and actuating the automated transporter 200 to retrieve one of the storage
devices 500 from the transfer station 400 and carry the storage device 500 in the

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

30 includes inserting the storage device transporter 550 carrying the storage device 500
into the test slot 310 in the rack 300, establishing an electric connection between the
storage device 500 and the rack 300. After testing is completed on the storage device

500, the method includes actuating the automated transporter 200 to retrieve the

13



storage device transporter 550, the storage device transporter 550 and the storage 15 device 500
together can be moved by the robotic arm 200 for placement within one of the test slots 310, as shown
in FIG. 4. InV¥erMiidthentations, the manipulator 700 is also configured & Tl %¢HEFon of a
clamping mechanism 570 disposed in the storage device transporter 550. This allows actuation of the
clamping mechanism 570 before the transporter 550 is moved from the tote 600 to the test slot 310 to
inhibit 20movement of the storage device 500 relative to the storage device transporter 550 during the

move. Prior to ARG ITHHEeRI G0 M erriigibhiplsdiiren drirag it htdatsleiamping
mechanism 579 tarrldasectig sioragedderine G0Qcuibiviee fsanaesbiohhisallewsifar insertion of the

storage device transporter 550 into one of the test slots 310, until the storage device 500 is in a test
ostton with a S8 e o S B et 8 B RS or (not showny, The
clamping mechamismebR0mayhalswhélentlgured toangageidied testskibt3l3 V@ ronce received therein,

to inhibit movegaant s HGVEdR UV RS KANSRPHRARARD IRANNR ldNRiebalohdtlyn such

implementations, once the storage device 500 is in the tést position, the clamggg mechanism 570 is
engaged agairfq¥ Yot Bytes iahfsatatsherothadsoinmBidamamaronrdhy eibkigy Hadice transporter
550 relative to ghedgst slot 310. The clamping of the transporter 550 in this manner can help to reduce

vibrations durlrﬂg%%ﬁctmg. In some exames aftertipsde.r&l%]d etsha?cts’utaotfl? ﬁbdewce tradnsporter 550 and

: : some exa the me 1n¢ ¢ automated. .. o
storage device arried theréii &re Bot é?ampea or sectred’in c iAAHOK S individually within

the test slot 310ajR4#REfEridep e RIC StoBrdel ddhiecrramipotetcrSP00 e setuleid 10 afdistal end 202 of
the robofc army 200 HSPRNRHARLTARACER TRLARMSRISAAGTIL 3% R%aR:disposed on a

manipulator body 710 and arranged in a substantially V-shape ,
device receptacle 620 of a destination storage device tote 600), or repeating the

method by retrieving another storage device 500 for testing (e.g. from the storage
device receptacle 620 of a source storage device tote 600).
[0054] In some implementations, the automated transporter 200 includes the
15 manipulator 700, discussed above, which allows the automated transporter 200 to
retrieve, handle, and deliver multiple storage devices 500 and/or storage device
transporters 550. For example, the automated transporter 200 can retrieve and carry
one untested storage device 500 in a storage device transporter 500 held by one arm
720, 730 of the manipulator 700, and deliver the untested storage device 500 to a test
20 slot 310. At the test slot 310, the automated transporter 200 removes a storage device
transporter 550 carrying a test storage device 500 currently in the test slot 310, before
inserting the storage device transporter 550 carrying the untested storage device 500
into the test slot 310 for testing. The automated transporter 200 then delivers the
tested storage device 500 to a destination location, such as a receptacle 620 of a
25 destination storage device tote 600. In another example, the automated transporter
200 can retrieve and carry two untested storage devices 500, one on each arm 720,
730 of the manipulator 700, and then deliver the two untested storage devices 500 to
respective test slots 310 for testing. The automated transporter 700 can then be
actuated to retrieve two tested storage devices 500 from their respective slots 310 (e.g.
30 by engaging and removing their respective storage device transporters 550 with the
manipulator 700), and deliver the tested storage devices 500 to a destination location,
such as two receptacles 620 of one or more destination storage device totes 600. If

one tested storage device 500 passed the storage device testing and the other failed,
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configuration with respect to each other. In some implementations, the arms 720, 730 can be disposed
in other arrangements, such as 180 degrees from each other or some other angle therebetween. The
arms 720, 7@ &8¢M1R%% connectors 740 configured to releasably attach t@a KIS HEVEe
transporter 550. In the examples shown, each 10connector 740 includes first and second tabs 742,
744 opposedly coupled to a tab actuator 750 disposed on the arm 720,730. The tab actuator 750 is
operable to move its coupled tabs 742, 744 in opposing directions to releasably engage and hold a
storage devicebTapOREPBEY HrdigiRipninle SRS tEsed HFTsioBEP S50k PBSHC arm 200 and
manipulator 70Qoadec ActiaiestdGonane vesirae sfitie eanteeersod40 to 15 place the tabs 742, 744
into the indentati 52 of the storage device transparter 550 then actuate the tab actuator 740 to
move the tabsﬁ’ﬁ% g44 awg.[;?1 r(r)nr%n&élcl:ﬁoét @r@r? e%lﬁa?élgo ae?elg%%rﬁﬁ%?%eﬁ %aafﬁt?on}oeﬁasable attach to
the storage devioliplanspegtatc5E0s MGanddexaragiasy brttabe7 e Ysvdtkiththoktskegeed and/or
have fricyon pagl{ RERNS N IIPNIAOMBRAOLIRG I AAR ARVIGRARSRAISE, 350: Each arm 720
0

20730 of the manipulator 700 has first and second clamp actuators 762, 764 configured to engage the
clamping mecHaHEE0canabls etomybadinecnanisrsrdesse S4hendaniPReadrvEs 762, 764 may be
operable to pushmp@ut os0the: ¢la pmg machaaigsxibillyialRRgapeHdisengage: hargamping
mechanism 570.t§0045(]|n the exa%;b%l? illustratedt in FIGS. 12-13, the tote 600 includes a tote 25body
610 having a ffont sioe é‘ff,s%o%gc sid)eogﬁlf,lzél’ %ospms%cémgﬁ; a bottom side 614, a right side 615 and a
left side 616. TI9836ke body S hlnaediné snplshipiéettordyge desdedascbptadies B0lmsthe front side 611
that are gach coRfigUERALIQARMAE I RI0HRAR ARUERRORaIbSAME: PARIIRIBS R AIGHEHO0 rests on its
back side 612 while in the loading position, such that the storage device receptacles 620 are
substantially véliﬁémré@aﬁd%eog}ﬁméﬁﬁl%@h&wrﬁlw@ qtbenimgplsaicatesrTS &S, Hiditbte 600 is held
in another oriepatiQipydiilad foleviaadingneosition, such as at an incline or in a vertical orientation, as
with the presentation position. In the presentation position, the tote 600 rests on its bottom side 614,
such that the storage device receptacles 620 are substantially horizontal and face laterally, as shown
in FIG. 13. The tote body 610 defines arm grooves 630 in the right and left sides 615, 616 of the tote
body 610 that are configured to support the tote 600. [0046]In the example shown, each storage
device receptacle 620 includes a
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5storage device support 622 configured to support a central portion 502 (see FIG. 7) of the received
storage device 500 to allow manipulation of the storage device 500 along non-central portions. In some
implementations, the storage device support 622 is configured to support the storage device 500 at an
incline, while the tote 600 is in a substantially vertical orientation, such that the storage device 500 has a
tending to 10slid®&/kpsdpelpimes ibe storage device receptacle 620, rather than out of the storage device
receptacle 620. To remove a housed storage device 500 from the storage device receptacle 620, the
storage device transporter 550 is positioned below the storage device 500 (e.g. by the robotic arm 200) in

the storage devite recépPNOGSbIEH SIELELK (S INRS LR SIK HEvicy Se B 814184 torage device

support 622. Theohpritiatage device transporter 550 is then removed from the storage device receptacle

620 while carrying the §r$|vic ?ﬁo for deljver destinatipn target, such as a test slot 310.
[0047]Referring to FIGS%E{O?(% in 0(ge"lrgnrp é)rrr‘?é&r];tﬁﬁ%Higé%ﬁ?éﬁgf%@i%{%ﬁag@g’|ncludes a transfer station
housing 410 and multipyeersie ihecfsshertmi disneotedsastems 20420 disposed on the transfer station

housing 410. Each tote presqpiafign iatiine disy 8 JarnscanfiatReih racsii andesupport a storage
device tote 600 in a presentation position for servicing by the storage device testing system 100. [0048]In

some implementations, the tGEYHYARAHOMGH HEASROLEE f9d AP8Y & APLURIYRIHBEEE" N the same side of

the transfer station housings410 and arranged 25 vertically with respect to each other. Each tote

presentation support systems 439,ias 2 dfferah sialan Witk iespert e e aIliegs,Jn some examples,
as shown in FIG. 15, the tote presentation support system 420 includes Tirst and second opposing pairs

422, 424 of tote suppotteptirndethefiticl ddes beaficsivisl Wivessipaotisecand peatioas 630 defined by
the tote body 610 of the storage gey|GReIRiR ARRIIRAINYERRIGIINGRORIE tRsk fFvd th @dote mover 430 is

disposed on the transfer station housing 410 and is configured to move a pivotally coupled tote loading
support 440, which is dJntSFEliYs $et08 and support a storage device tote 600. The tote loading
support 440 pivots and movegngiigeona dir sigpesitian disilarsecend the disk drive system;

wherein the second operations comprise:

loading a disk drive tote into the disk drive system;

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

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

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

drive system.

2. The method of claim 1, further comprising:
actuating the automated transporter to retrieve multiple disk drive transporters;
actuating the automated transporter to carry the first disk drive with a disk
drive transporter from the multiple disk drive transporters; and
actuating the automated transporter to deliver the disk drive transporter

carrying the first disk drive to the first disk drive slot.

3. The method of claim 2, wherein insertion of the disk drive transporter into the

first disk drive slot provides closure of the first disk drive slot.

4. The method of claim 2, further comprising:
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position. The tote mover 430 is configured to move the tote loading support 440 between the first position,
for holding a storage device tote 600 in a loading position (e.g. in a horizontal orientation at the loading
support's first position), and the second position, for holding a storage device tote 600 in the presentation
position (e.g. in a 5substantially vertical orientation) at one of the tote presentation support systems 420
for servicing by the stoPagjt aéngdBediskritiivy snsPatey pelgwihetfiestaiskiitiveim 200). In some examples,

the tote presentation syrpRy iRYHEMiIGARi00 6 hesikainRQdMon stighiikimslinasisiqm off vertical)
orientation to keep storage devices 500 from accidentally slipping out of the tote 600. 10[0050]A method

of performing storage G&BRIGiHE Al BRYeIr8e SRk HGITBRTRABLaN YRR D8 i o a storage device

testing system 1§d/éowtesting and actuating an automated transporter 200 (e.g. robotic arm) to retrieve
one of the storage devices 500 from the storage device tote 600 and deliver the retrieved storage device
500 to a test slot 310 of a rack 300 of the storage device testing system 100. The 15method includes
actuating the aufomatetheranedissradicROD {o fivisat eheapsisiaje device 500 in the test slot 310, and

performing a functionalifydest g8 SiRFRaMGE R0 HRRE YRR dX g deat slot 310. The method may

also include actuating the automated transporter 200 to retrieve the tested storage device 500 from the
test slot 310 and deliver the tested storage device 500 back to a destination location. In some
20implementatiais, tha impetbvddrgicides 1eivievingthellitolaare sanips wta@geridevices 500 and delivering
each of the stora}%ﬁ]pﬁ}gﬁ)es toﬂa lespe F%e ter?tthSI?ﬂL % rivlg other implementations, the method includes
shuffling storage Sices 5004 ongst gatielots 316 y ac%Uating the automated transporter 200 to
remove a first storage device 500 from a first test slot 310 and carrying it with the first arm 720 of the

manipulator 25790, moyipgh B FECARTHIE SVRLPEIR Lk ARG Wim&g&pnd storage device 500 and

carrying it with the second arm 730 of the manipulator 700, and then inserting the first storage device 500
into the second slot 310MPARHIRABENRA)%Iso include actuating the automated transporter 200 to move

the second storage defigednthedisttaatant Jikpasnd dnsesingihgsaanag staragmgirmMice 500 in the first

test slot 310. For Ipje 30madeof eperalian (siaraqs device shuflind), he dhal-armed anipulator 700
provides distinct advantages over a singlearmed manipulator by allowing direct exchanges of storage
devices 500 at gzthgstoigamitiotieigatablying ach taladisk wiheg) tratendcer500 out of a first test slot 310, park

the storage device 500 in an empty slot 310

8. The method of claim 1, further comprising:
moving, at a substantially simultaneous time, at least two of the plurality of

the disk drives to the second location that is remote from the first location.

9. The method of claim 1, further comprising:

placing the first disk drive in the first disk drive slot in a position in which a
disk drive connector of the first disk drive is engaged with a disk drive slot connector
of the first disk drive slot.

10. A method of transferring disk drives within a disk drive system, the method
comprising:

receiving, into the disk drive system at a first location, one or more disk drive
totes holding multiple disk drives, with the one or more disk drive totes configured for
movement between a position outside of the disk drive system and a position that is

accessible to an automated transporter in the disk drive system;
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or in a tote 600, retrieve another storage device 500 from a second slot 310 and insert that storage device
500 into the first test slot 310, and then retrieve the parked storage device 500 and insert it in the second
slot 310. The dual-armed manipulator 700 removes the step of parking one of the storage devices 500
while swapping storage 5devices 500 amongst two test slots 310. [0051]Presenting multiple storage
devices 500 for testingaaieafine thehidomates;tepgeiie hiakipleastiaripdatiic exrBue afitfonto a transfer

station 400, as hydeagiRdiba stesrgaiderirrsrRRRiRieRior AU RvicitResRles 620 defined by a
storage device tote 600, and 'Ioa%gi the storage device tote 600, into/onto the transfer station 400. A

10tote mover 430BHRHEHLPRIAG CORTIAIeAdP TEnsPRILIITY R A1tk €d¥8tage device tote 600 from a
loading position to a preseniadide positarderasivicing insshearstéiraghisdevice itestrfgssyisiem 100. The
& B]r_esentation position by one of multiple tote presentation

storage device t 6d(3 i ted in th
support systemsaif(?é((a)gI |§§(f)§sh:§c18 §k ?ﬁé’etrsgﬁg er station housing 410 and arranged vertically with respect to

15each other. Multiple ¥tvedige dewdemsted EOOPeaIineRIiHbesieneirfedikdoe BOD2 can be sequentially

placed in the loading pPRitignerithetirngial §RtepsAAP and moved by the tote mover 430 to its
respective presentation position at one of the multiﬁale tote presentation suqf)port systems 420 for servicing
\i

by the storage device RLHHESTEEAHOTRIED OB RRIBEHT N B AN GRS H & Eifted storage
devices 500 for tastiogk drevetdhod preferably includes actuating the automated transporter 200 to

retrieve a storage device transporter 55 . from a test slot 310. hous g}in rack 300@ and actuating
the automated tansporh 008 S (s e A RS D A haton a0
and carry the stelislgertve\alos 500 in the 25storage device transporter 550. The method includes actuating

the automated transpogign23f i AGtHRAEAGFHRFBHE USMERWARERALRN ARR BAVY Mshfhg Storage device
500 to the test slot 310 for performlr\r/@ga functlonalltzi test on the storage device 500 housed by the

received storagSGEUEHAHBSAEMEYS sty the hedirsisisk® Ve 88ine examples, delivering the storage
device transporter 550&quiktthéant alab@afdd transporter to insert the first disk drive into the second

disk drive slot while carrying the second disk drive.

11.  The method of claim 10, further comprising:

actuating the automated transporter to deliver the second disk drive to the first
disk drive slot; and

actuating the automated transporter to insert the second disk drive into the first

disk drive slot.

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

a manipulator body; and

first and second connectors disposed on the manipulator body and arranged in
a substantially VV-shaped configuration with respect to each other, a connector being
configured to releasably attach to a disk drive transporter;

wherein the manipulator is configured to transport the first and second disk

drives in corresponding releasably attached disk drive transporters.

13. The method of claim 10, wherein one or more of the disk drives are carried in
a corresponding disk drive transporter, and wherein inserting a disk drive into one of
the disk drive slots comprises inserting the corresponding disk drive transporter into

the respective disk drive slot, engaging the carried disk drive with a respective
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30 includes inserting the storage device transporter 550 carrying the storage device 500 into the test slot
310 in the rack 300, establishing an electric connection between the storage device 500 and the rack 300.
After testing is completed on the storage device 500, the method includes actuating the automated
transporter 200 to retrieve the storage device transporter 550 carrying the tested storage device 500 from
the test slot 310 c@ndedias infydible deavecsysttardhe insaiee Geodsekrenwertestiieridintocation, such as a
destination storaggsgle\iefIpinQANOMmkariarier station 400. In some implementations, the rack 300
and two or more associated test slots 310 are 5configured to move storage devices 500 internally from
one test slot 310 to another test slot 310, as in the case where the test slots 310 are provisioned for
different kinds ofitests.AQ&3dhiveemrxampitimghe method includes actuating the automated transporter
200 to deposit the stor Su‘ij‘?}]’g?éa dt( Ps O%g(lar 550 in the test slot 310 after 10depositing the tested storage
device 500 at a destination %catlon%e. . In & storage device receptacle 620 of a destination storage
device tote 600), or regéleapicpiitdastetiendey aeetitlin glinioatestsaspaiteokeoviRes SO0 dietesting (e g from
the storage deviggdppeRiaalR R of a source storage device tote 600). [0054]in some implementations,
the automated transporter 200 includes the 15manipulator 700, discussed above, which allows the

automated transporter BBBIRY G HRINOUSHPLY SRR A I R I¥ETQh REYS FRBESHRS 41 d/or storage

device transportess&eQ. diskr @kample, the automated transporter 200 can retrieve and carry one untested

storage device 500 in a ﬁt%z%eqres t% |6/ri1ca8r rtrans OFteCngO hﬁd b%%‘ieﬁ:trr% 752011 7r3% ogrghs erpanipulator 700,
and deliver the untested storage svice boo to a test 205lot 316 eAe8PSior 31 , the automated
transporter 200 Eatgvesniigttachins pleséotaticifigtistedrb®s; eadrying a test storage device 500 currently in

the test slot 310, beforg riﬁh?ﬁﬁﬂfb@oﬂh@t%ﬁé@&ﬁﬁ’@%&?&ﬁé@&%@r@?ﬁ%ﬁ%ﬂ%Eﬂ@r%@ ted storage device

500 into the test slot 310 for testing. The automated transporter 200 then delivers the tested storage
device 500 to a ORYIHHESPIERAYBI, UHCAYES receptacle 620 of a 25destination storage device tote 600.
In another example, theiauéimiedeebkrangpeytem is configured to perform one or more of first

operations or second operations;

wherein the first operations comprise:

loading, into the disk drive system at a first location, the disk drives;

actuating the automated transporter to retrieve a plurality of the disk
drives;

actuating the automated transporter to deliver a first disk drive from
the plurality of the disk drives to a first disk drive slot in a second location;

actuating the automated transporter to insert the first disk drive in the
first disk drive slot; and

unloading one or more of the disk drives from the disk drive system;
wherein the second operations comprise:

loading a disk drive tote into the disk drive system;

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

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

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

drive system.
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200 can retrieve and cany two untested storage devices 500, one on each arm 720, 730 of the
manipulator 700, and then deliver the two untested storage devices 500 to respective test slots 310 for
testing. The automated transporter 700 can then be actuated to retrieve two tested storage devices 500
from their respective slots 310 (e.g. 30by engaging and removing their respective storage device
transporters 550Lvith theerdiskigiivatensrnopf shintithiveherpnttisiamdmiate WeorfEssdd%o a destination
location, such asdjpiageRiRAIGSRAANE 8RR MVORERPSRERAtION storage device totes 600. If one tested
storage device 500 passed the storage device testing and the other failed, they may be placed in different
destination storage device totes 600, such a "passed" storage device tote 600 and a "failed" storage
device tote 600. 16055]Head islathiive ssteMAD alowsihenardiomeated tignispotenz@@so move multiple
storage devices 500 ar&d oh %ﬂr?&% gl vigg > transporters 550 within the storage 5 device testing system
100 to accomplish more tasks fhan previously achievable by a manipulator capable of only handling one
storage device 500 andiffst ¥tbragend eoineaielp SispazadSHChet aatiipelatPh 8dey pad sefiaedibility allows for
path planning of e, autRRIRRsHARIRRAIAL G ARIPARTIFRIZE-its MRHIMEN s HARRSM ARG Der of

implementations have been described. Nevertheless, it 10will be understood that various modifications
may be made witAUIBehHFEAFAON fHach it disk YhpaBsRAelisclosure. Accordingly, other

implementations are within the scope of the following claims.
17.  The disk drive system of claim 14, wherein the transfer station comprises a
transfer station housing configured to receive and to support one or more disk drive
totes in a presentation position for servicing by the automated transporter, wherein a
disk drive tote comprises a tote body defining multiple disk drive receptacles

configured to each house a disk drive.
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