WO 20091079449PCT/U S2008/08681 4 [0001] 5[0002] DISK DRIVE TESTING TECHNICAL
FIELD This disclosure relates to disk drive testing. BACKGROUND Disk drive manufacturers typically
test manufa¥Qr&@USR4dPives for compliance with a collection of requiremeftd/TR4P¥RiPhent and
techniques exist for testing large numbers of disk drives serially or in parallel. Manufacturers tend to

test large numbers of disk drivc_as simuligpgousii v/ ipatches gk drive testing systems typically
include one or more racks having multiple test slots that receive 10disk drives tor testing. [0003]The

testing environment immediately around the disk drive is closely regulated. Minimum temperature
fluctuations in the testing environment are riticA Yor &dclitk t)ést gonditions and for safeFt)y of the disk
drives. The latest generations of disk drives, which have higher capacities, faster rotational speeds
and smaller ped 15 clear@hcalisrmoreckeesitivislo dibyatishngExcess 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 exte?ﬁé&g %%f@ibration, contributes to bump errors, head

slap apd nonggpafitive rumut (NRR@M2QNHIES Misvesutimigwercestyisldsdandscreased
manufacturing costs. [0004]Current disk drive, testin%j S)é;sétems employ aytomation and. structural
n

SUPPOIt SystERPIRACEONIITLEE HEH B AN EHBAR N fHost SPRIBISHA ARt RsBOIA P58 ootprints.

t%utrr: er;t dijskﬂyi\/@tsﬁﬁgpa §Y§ﬁ%§%ﬁ@&d§@iﬁﬂe@@%@% o isORveNelr batidorindiviguathdfieed disk drives
e testing system for testing. ARY [0005]In [ i [
includes at |desitlgige pepwes of disk drives simul[aneodslyci)lrl] %z%g gs(.:tbé}sﬂlaﬁge“yéastgggmg system

systems typically include one or more racks having multiple test slots that receive

10 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
disk drives, which have higher capacities, faster rotational speeds and smaller head

15 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
vibration, contributes to bump errors, head slap and non-repetitive run-out (NRRO),

20 which may result in lower test yields and increased manufacturing costs.
[0004] Current disk drive testing systems employ automation and structural
support systems that contribute to excess vibrations in the system and/or require large
footprints. Current disk drive testing systems also use an operator or conveyer belt to

individually feed disk drives to the testing system for testing.

25 SUMMARY
[0005] In one aspect, a disk drive testing system includes at least one robotic
arm defining a first axis substantially normal to a floor surface. The robotic arm is
operable to rotate through a predetermined arc (e.g. 360°) about, and to extend
radially from, the first axis. Multiple racks are arranged around the robotic arm for

30 servicing by the robotic arm. Each rack houses multiple test slots that are each



arm defining a first axis substantially normal to a floor surface. The robotic arm is operable to rotate
through a predetermined arc (e.g. 360" ) about, and to extend radially from, the first axis. Multiple racks
are arrangeWardlofd thdtobotic arm for 30servicing by the robotic arm. Eadi¢TABR2AG S hultiple test
slots that are each WO 2009/079449PCT/US2008/086814 configured to receive a disk drive

transporter copfigurediprcativea digk drive fRnipstirg HPRHaplemaptationsefhodisclosure may
include one or more of the following features. In some implementations, the robotic arm includes a

manipulatorS¥difigured to engage the disk drive transporter of one of the test slots. The robotic arm is

operable to gasrying a diskdiive inthe Misk divei sanspe e ththaitesislatfartesting. The robotic arm
defines a substantially cylindrical working enveIoPe volume, and the racks and the.traln§fer station arc
ator

arranged witRHPHESAHTE elDERBE VBRI A LGy e TOUBER R TRALIME S amples, the

refliﬁs @ng i%ﬁ@@i@g 9 &{gﬂg’@tﬁéﬁiﬁﬂ{@ﬁﬂ@drﬂhsﬁ}idﬁaﬁbﬁd@arﬁa{heaksselﬂ)tpoIiigemoabdut the first axis
of the robotic arm. The racks may be arran ed equjdistantly radially away fr he first axis of the
robotic arm 8FaiIFEFENE dfstARHIERE fotis'y ‘éﬁ’&tfbﬁ ’Sprﬁng)}ﬂ‘?{%@ﬁgﬁdté)r?[% é%s(?vsllgoetsf%erach test slot

by retrieving digngist il p sanspaiderifkan ansteitaf festisldiribahaigra disipdrivibetveen a
15transfer station and the test slot. In some implementat'onf&hth disk drive testing system includes a

vertically acfsting Sskpardihs CopHEr AN BIcHEeaRT avt L SberaBie 16 fMove the robotic arm

ve:tic?lIyt\r/]vitfollﬁﬁfé%}téﬁﬁhi@iggcwy&wa@e@ﬁrmxdisk;w@vsetesm@lsy,sﬂwnwammmnm&a linear
actuator that supports the robotic arm and is operable to move the roboti horizontally al th
floor ‘s‘hrfacét?ﬁ%ﬁﬁ%%%%}ﬂ@ﬁgﬁﬁgr%ﬂﬁéa ?é@%?ﬁ?iepfr’g (%l%}(l)e%agm S bl table th

§ﬁ86 %yos eminciudes a rotatable table that

supports the sgbetiaarmardiskensighe iaotatecthadiebatly alidiAhouy aysecontiafistsubstantially

normal to the floor surface. [0008]The disk drive testin i [
arranged axis of the robotic[: arm !)r at d%?erent d?stagct:esg system may include a transfer station

[0007] The robotic arm may independently services each test slot by retrieving
the disk drive transporter from one of the test slots to transfer a disk drive between a
15 transfer station and the test slot. In some implementations, the disk drive testing
system includes a vertically actuating support that supports the robotic arm and is
operable to move the robotic arm vertically with respect to the floor surface. The disk
drive testing system may also include a linear actuator that supports the robotic arm
and is operable to move the robotic arm horizontally along the floor surface. In some
20 implementations, the disk drive testing system includes a rotatable table that supports
the robotic arm and is operable to rotate the robotic arm about a second axis
substantially normal to the floor surface.
[0008] The disk drive testing system may include a transfer station arranged
for servicing by the robotic arm. The transfer station is configured to supply and/or
25 store disk drives for testing. In some implementations, the transfer station is operable
to rotate about a longitudinal axis defined by the transfer station substantially normal
to a floor surface. The transfer station includes a transfer station housing that defines
first and second opposite facing tote receptacles. In some examples, the transfer
station includes a station base, a spindle extending upwardly substantially normal
30 from the station base, and multiple tote receivers rotatably mounted on the spindle.

Each tote receiver is independently rotatable of the other and defines first and second

opposite facing tote receptacles.



for servicing by the robotic arm. The transfer station is configured to supply and/or 25store disk drives
for testing. In some implementations, the transfer station is operable to rotate about a longitudinal axis
defined by tHORANKAEPLhtion substantially normal to a floor surface. The trBQEfEPARRieShtIudes a
transfer station housing that defines first and second opposite facing tote receptacles. In some

examples, thedsanster statign inchidesa siafiengasacaspioteexendingsipvusrdly substantially
normal 30from the station base, and multiple tote receivers rotatabI%( é{}rounte on the spindle. Each

tote receiveriaiiaEHEh Sy rERBNS hECsthE HEF S Fraf S SBEERABPBY itd facing tote

reeCT]pttaC:eSI-t%%ﬁ@@%loﬁ%ﬂ%%ﬁgg@@@gﬁ@&@ﬂﬁﬂd[QOQHPEhetédb@lt;i@wmtmaydﬂglependently service
ach test slo transferring a disk drive between a received disk drive tote of the transfer station and
the test slot.4 %@%B@%MW&?%@@&@S&WE&W%@Iﬁﬂ%li%%‘feaég%%%gﬁnier%w%ultiple disk

drive receptaglesiropfisuindde gashdhaunskaldisk dfyertaahhdiskdrvpprcepianialdefines a disk
drive support configured to support a central %g;,tion of receivg%?@ dé}é/e to allow manipulation of
the s

the disk drivECiliHyAaiasshirdI BefBne i LR AmmES R HEONRIYES a tote body
defining multigle ahdrme cavitiesaad.muliele eanfilkveted diskshiveesuppartsodispelaihin each
co_lumn cavity (e.g. off a 10rear wall of the cavity column), dividing the column cavity into multiple disk
drive receptaetbeRKACEBSEK G Abtired to receive a disk drive. Each disk drive support is
configured t oIt A GRINRIIRARN O sugsaivelispiskdliiveath ablbwnmanipiylatignodf she disk drive

along non-central portions. [0010]The disk driye testing, system sometimes.inclydes.a vision system
15disfosed Bivtetodhie stitea Hmﬁsgﬁﬁéﬁ&%@? ﬁgelurr\éﬁocﬁc\f 1%%rlﬁl v(\)/ﬁﬂtéﬁléie disknve Y

nsporting a disk drive. In

particular, theMipian sysienarmexsediigugedde rooaripulatodoncthEadbditk drimethapiimolds the disk
drive transporter to insert the disk drive transporter safel igt  Qne of t e ISt slots orlgt%ig.k drive tote.

The vision sySREHEUTEY G SHBPATL HEEHSH R AP Afghisy thEToboticarm to A hducial mark on the
rack, test slofy ARtansiaistalion ansiandiskdriventote. [0011]in some implementations, the disk drive

testing system includes at ) . . . . .
[0010] The disk drive testing system sometimes includes a vision system

15 disposed on the robotic arm to aiding guidance of the robotic arm while transporting a
disk drive. In particular, the vision system may used to guide a manipulator on the
robotic arm that holds the disk drive transporter to insert the disk drive transporter
safely into one of the test slots or a disk drive tote. The vision system may calibrate
the robotic arm by aligning the robotic arm to a fiducial mark on the rack, test slot,

20 transfer station, and/or disk drive tote.
[0011] In some implementations, the disk drive testing system includes at
least one computer in communication with the test slots. A power system supplies
power to the disk drive testing system and may be configured to monitor and/or
regulate power to the received disk drive in the test slot. A temperature control

25 system controls the temperature of each test slot. The temperature control system
may include an air mover (e.g. fan) operable to circulate air over and/or through the
test slot. A vibration control system controls rack vibrations (e.g. via passive
dampening). A data interface is in communication with each test slot and is
configured to communicate with a disk drive in the disk drive transporter received by

30 the test slot.
[0012] Each rack may include at least one self-testing system in
communication with at least one test slot. The self-testing system includes a cluster

controller, a connection interface circuit in electrical communication with a disk drive



Ieast one computer in communication with the test slots. A power system supplies power to the disk
drive testing system and may be configured to monitor and/or regulate power to the received disk drive
in the test sSVO 20f8d#dture control 25system controls the temperature ofREHYZBLIBi8THhe
temperature control system may include an air mover (e.g. fan) operable to circulate air over and/or

through the fest;slofiAMbraiQn caRtQl svstern GIRteats catkvilsations (engmvia paissiveitiampening).
A data interface is in communication with each test slot and is confi%uréeﬁi to cgmmunica}te with a disk
1

drive in the dhSicapRectamENEHRTGSEERIE Y SIRAL USTaRs: S FACK t

Oaflq%f’ude at least one

slelf-ttestingtﬁxﬁi%%ﬁa @&H}i’@#&%@ﬂ@:@é’i@%@ldﬁamr&ﬂﬁs&ﬁ&miﬁlfbxéfa‘éelt‘iteaiirtglsysmtrkcludes a
cluster controller, a connection interface circuit in electrical communication with a disk dgive WO
2009/07944%@%&9?;2@%/@8@8?5‘%@&\%&% tﬁﬁ"e%‘é’l’&?ﬁ%ﬂ%@@éﬁ?ﬂ?e??é?:%o&?rclhﬁfin electrical
Comwmgattﬁ@ avéwdﬁeeq;eg;mg&iméﬂt%fgcwim@mll?dne)xmwdﬁteefm discuibik eanfiguned to control
power and temperature of the test slot. The connectjon interface circuit and the block interface circuit
are configuré@t’& f}%{sfﬁé whHeKigRN R OF By 1B 4L N CORABINERT bf Sthe disk drive testing system (e.g.
:est the ftu n)cr;t[ygg?%t]sll of thqﬁg@h&;&%&@t&ﬁ&t@ﬁ&gm&ﬂmﬂou@n@a diskdtivechiatobbyraldisk drive
transporter). [0 n some implementations, each rack includes at least ope fynctional testing system
in communicESHERHHER RABRETEIoR S Al E’ti%%?et%tsﬁﬂtgaty%?ilr%cﬁnoéfﬁﬂggg%Iuster controller,

at least one fyaetipnai g fagastiictihirolioglectsizabeerimetioationenitbethieaitster controller, and a
connection interface circuit in electrical communication vﬂth a djsk drive received.in the t{-ﬁt slot and

the fl_]Hctionzﬂl?ﬁngﬁfQ’H?&W.cﬁtﬁ‘é"fWﬁ%{i SSHET RN it G gsrad RSS2
fEurrl]ctlonal test ﬁ%ﬂﬂ@al%éhﬁrﬁiﬁi@ﬁiﬁb&ewﬁ}ﬁ@ma@kmp&eeixtétbimmetiestadlbeamdg}&ystem includes an
t Cswi - . S
et swih for pravilg elecial5communicaton hetuesr he lsiergapiroller an the at east

one functionBNFHeRAR EHAGfR circuit. 1gure

communicate a functional test routine to the disk drive. In some examples, the

functional testing system includes an Ethernet switch for providing electrical

15 communication between the cluster controller and the at least one functional interface
circuit.
[0014] In another aspect, a method of performing disk drive testing includes

presenting a disk drive for testing, actuating a single robotic arm to retrieve the
presented disk drive and carry the disk drive to a test slot housed in a rack of a disk

20 drive testing system. The robotic arm is operable to rotate through a predetermined
arc about and to extend radially from a first axis defined by the robotic arm
substantially normal to a floor surface. The method includes actuating the robotic arm
to insert the disk drive into the test slot, performing a functionality test on the disk
drive housed in the test slot, and

25 actuating the robotic arm to retrieve the tested disk drive from the test slot and deliver
the tested disk drive to a tested complete location, such as a transfer station. In some
implementations, the method further includes loading the disk drive into a transfer
station, such that the disk drive is presented for testing, actuating the robotic arm to
retrieve a disk drive transporter from the test slot, actuating the robotic arm to retrieve

30 the presented disk drive from the transfer station and carry the disk drive in the disk
drive transporter. The method includes actuating the robotic arm to deliver the disk

drive transporter carrying disk drive to the test slot, and, for examples after testing,



[0014]In another aspect, a method of performing disk drive testing includes presenting a disk drive for
testing, actuating a single robotic arm to retrieve the presented disk drive and carry the disk drive to a
test slot hoNERMUA7aEK of a disk 20drive testing system. The robotic arm RCAFEYI G Fbtate
through a predetermined arc about and to extend radially from a first axis defined by the robotic arm

substantially parmakihe feeris uHacs rJevaetbakingHidas.acpsaiingdheinehaticared tistosert the disk
drive into the test slot, performing a functionality test on hge ,disg?a([jéi%vtg g}oused' the test slot, and
e

{ t
25actuating ey edbndiairibsietrade thy sethe tesfiek UrK dith SIS WRHOBr the tested
disk drive to @¢gsied complele:lesatienasueh asiiansiessatiomgdriseuginplementations, the

method further includes loading the disk drive into a transfer station, suckhth té%e diFk ?’ril\ée is
presented fok“fé%?i?fgl,oéétﬂ&t‘iwg%fﬁéer%‘BléﬁlE“éﬁﬁﬂbo e HRAGER R 08 PARYpOPEPRSIR T

e test slot,

actuating thejrahetiniaantairaisese 3adie qresentatdisik drive fromdhe lvadiafetstdiign and carry the
disk drive in the disk drive transporter. Tk@ﬁ;\g?od includes actuating.the ro‘go iC aim to deliver the
I B

disk drive traH&poiT CAPriIdCdRIERIAG &5t &SRS SHYS 8r t8s H}dge ® WO

2009/079449RGH{LS2R03/08681 4oactiiaiing therobotiocaspdadefiieva the diskidivedtiansporter
carrying the tested disk drive from the test slot artld deliver tg%ltegtfi ddjsk i(yr% actk atgsFQF transfer
station. [00 1B ECASEIABPA D AN EHOY EFBEVRIRGTY BIgK aREEE Ny Inelud&¥ iShding multiple
disk drives intarpiranstenstationite. grias inyleatingiihe distspeitistesTintodiskdaive ikeceptacles defined
by a disk drive tote, and loading the disk grlve tote into qétote rigr?gta%% (ﬁj?ﬂ 1aeﬁ b%oz%\n trgnsfer station).

The rifethod FREMBIS A ERAR A A b D REARTTB PSHidte? R s Y 4

iveet)fanspor &r from & test slot housed
in a rack, angactualingring wbolic asmituratriave analdf themiskodrifles fronfate Fanasfer station and
carry the disk drive in the disk drive transporter. The rghotic gnn is,10operable to rotate through a
predetermin&tf B ABHHE S AGHE g aréﬁgﬁfmfﬁ,%qﬁYSf g%ﬁsd lcfléﬁ%éc? lgrfufﬁ%orr(t)%otic arm
substantiallyagkial airKlaerswfacetedihoneatiiostifitities afitueting e tebotictardisio deliver the

b e S P A o
actuaging tharehetic atmtageliavedhe diskd riste ¢rarhpaitir daveying ghe testecdisktbeive from the
test slot andtggtlei\ée({iép%;l%set%%%i t ke(j‘tggltes o%glklc{%é 1(xa/ee'[rr ¥e [gsrtgéacﬂ(sjlg drive back to the transfer
station.
[0016] In some examples, the method includes actuating the robotic arm to
deposit the disk drive transporter in the test slot (e.g. after depositing the tested disk
20 drive in a disk drive receptacle of the disk drive tote). In some examples, delivering
the disk drive transporter to the test slot includes inserting the disk drive transporter
carrying the disk drive into the test slot in the rack, establishing an electric connection
between the disk drive and the rack.
[0017] In some implementations, performing a functionality test on the
25 received disk drive includes regulating the temperature of the test slot while operating
the disk drive. Also, operating the received disk drive may include performing
reading and writing of data to the disk drive. In some examples, the method includes
one or more of circulating air over and/or through the test slot to control the
temperature of the test slot, monitoring and/or regulating power delivered to the
30 received disk drive, and performing a self-test on the test slot with a self-testing
system housed by the rack to verify the functionality of the test slot.
[0018] The method may include communicating with a vision system

disposed on the robotic arm to aid guidance of the robotic arm while transporting the



[0016]In some examples, the method includes actuating the robotic arm to deposit the disk drive
transporter in the test slot (e.g. after depositing the tested disk 20 drive in a disk drive receptacle of
the disk drivW@s09/i%dPe examples, delivering the disk drive transporter R6 THeSEe88/8feBIdcludes
inserting the disk drive transporter carrying the disk drive into the test slot in the rack, establishing an
electric conngglign hetween, tas disadrive anddhe dagkaRRLAHRwme dmplsndataiigns: perfonning a
functionality test on the 25received disk drive includes re ulatin%ﬁze temper%}ure_oft e test slot while

operating theoftikediivelomdisusib gy th sk dastR oS ey HHRR FRBeFoRilg ¥eading and

writing of dafgtq.the.fisksivendRisRmeygia@mples, the method includes one or more of circulating air
over and/or through the test slot to control the temperature of the test slot, Tﬁ(})nitoring atnd/or regulating

power delivdR 98 the 30rERerse aisk WA, BAEE PRRIRFAE OSSP SRS SISE with a

self-testing system hrused Rydhadaekiivesibuthadurctopabiyeiiie ©8icsltdafed8]The method may
include communicating with a vision Séstem disposed on the robgtic arm to ai(‘lﬁ%uid% e of the robotic

arm while trabigseHitRs e AR SOTE) PRAPRIFETIINE SASERTA ALY L e RSetSSd may also
include calibgiatipg;the robotic arm by aligning the robotic arm to a fiducial mark on the rack, test slot,
transfer station, and/or disk drive tote recognized by the vision system [0019]The details of one or
more implementations of the disclosure are set 5forth in the accompanying drawings and the

description below. Other features, of)&&€ RIRTIQIVANTAIRAWINSeSapparent from the description and
crawings, a g he cigies: BESERITINRR BFANNGS GG 2 perspectve view of a

disk drive te stem.
10 [0021] FIG. 2 is a top view of a disk drive testing system.
[0022] FIG. 3 is a perspective view of a disk drive testing system.
[0023] FIGS. 4-5 are top views disk drive testing systems having different
sized racks and footprints.
[0024] FIG. 6 is a perspective view of a disk drive testing system.
15 [0025] FIG. 7 is a side view of a robotic am supported on vertical and

horizontal actuating supports.

[0026] FIG. 8 is a perspective view of a disk drive testing system having two

robotic arms.

[0027] FIG. 9 is a top view of a disk drive testing system including a robotic
20 arm supported on a rotating support.

[0028] FIG. 10 is a perspective view of a transfer station.

[0029] FIG. 11 is a perspective view of a tote defining multiple disk drive

receptacles.

[0030] FIG. 12 is a perspective view of a tote having cantilevered disk drive
25 supports.

[0031] FIG. 13 is a perspective view of a disk drive transporter.

[0032] FIG. 14 is a perspective view of a disk drive transporter carrying a disk

drive.

[0033] FIG. 15 is a bottom perspective view of a disk drive transporter
30 carrying a disk drive.

[0034] FIG. 16 is a perspective view of a disk drive transporter carrying a disk

drive aligned for insertion into a test slot.

[0035] FIG. 17 is a schematic view of a disk drive testing system.



Io[_OOZl]F_IG. 2 is a top view of a disk drive testing system. [0022]FIG. 3 is a perspective view of a disk
drive testing system. [0023]FIGS. 4-5 are top views disk drive testing systems having different sized
rac_ks and fOBAMYOTOBYA]FIG. 6 is a perspective view of a disk drive testif§ SJE¥2M8/A8IA25]FIG 7 is
a side vigw of_ a robotic am supported on vertical and horizontal actuating supports. [0026]FIG. 8 is a
perspective yiguepf a diskiddve destingisysiernhaviogddisk dbisitaaring. a2 ]iiG Sis-a top view of a
disk drive testing system including a robotic 20arm supported on a rotating support. [0028] [0029]

receptacles. [p5tBa oS UpHHTS! (5841 f8B3 Ve [0033]
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[0037] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION
[003§] Referring to FIGS. 1-3, in some implementations, a disk drive testing

system 100 includes at least one robotic arm 200 defining a first axis 205 substantially
normal to a floor surface 10. The robotic arm 200 is operable to rotate through a
predetermined arc about the first axis 205 and to extend radially from the first axis
205. In some examples, the robotic arm 200 is operable to rotate 360° about the first
axis 205 and includes a manipulator 212 disposed at a distal end of the robotic arm
200 to handle a disk drive 500 and/or a disk drive transporter 550 carrying the disk
drive 500 (see e.g. FIGS. 13-14). 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 disk drives 500 for testing. The robotic arm 200
defines a substantially cylindrical working envelope volume 210, with the racks 300
being arranged within the working envelope volume 210 (see e.g. FIGS. 4 and 5) 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.

[0039] The robotic arm 200 may be configured to independently service each
test slot 310 to provide a continuous flow of disk drives 500 through the testing
system 100. A continuous flow of individual disk drives 500 through the testing
system 100 allows random start and stop times for each disk drive 500, whereas
systems that require batches of disk drives 500 to be run at once must all have the
same start and end times. Therefore, with continuous flow, disk drives 500 of
different capacities can be run at the same time and serviced (loaded/unloaded) as
needed.

[0040] [solation of the free standing robotic arm 200 from the racks 300 aids
vibration control of the racks 300, which only shares the floor surface 10 (see ¢.g.
FIG. 10) as a common support structure. In other words, the robotic arm 200 is
decoupled from the racks 300 and only shares the floor surface 10 as the only means

of connection between the two structures. In some instances, each rack 300 houses



FIG. 10 is a perspective view of a transfer station. FIG. 11 is a perspective view of a tote defining
multiple disk drive FIG 12 is a perspective view of a tote having cantilevered disk drive FIG. 13 is a
perspective W08/ 87814k drive transporter. FIG. 14 is a perspective view oPaldIER U8 &hsporter
carrying a disl_< FIG. 15 is a bottom perspective view of a disk drive transporter 30carrying a disk drive.
[0034]FIG 16452 PRISREGINE Yiew Bf ailisknoiivedy anspacter JRyingia diskaddvesaligned for insertion
into a test slot. [0035]NG 17 is a schematic view of a disk drive testing system. WO
2(.)09/079449%@]170’)82008/086814 [0036]FIG. 18 is a schematic view of a disk drive testing system
with self- te gnhd functigngal é&s&nge@anahﬂﬂﬂaisn{oﬁ@mike raferances 8ymbaisingbé various

drawings indicate like elements. DETAILE CRIPT]| 8 eferrl to FIGS. 1-3, in some
mplementat‘?ﬁH@‘é‘H}QH m@llﬁégﬁ‘“@ from t e rst axis 709 (I)\% e r(ﬁaJtR However,
5 the racks 300 may be arranged in any pattern and at any distance around the robotic

arm 200 within the working envelope volume 210. The racks 300 are arranged in at
least a partially closed polygon about the first axis 205 of the robotic arm 200, such as
an open or closed octagon, square, triangle, trapezoid, or other polygon, examples of
which are shown in FIGS. 4-5. The racks 300 may be configured in different sizes
10 and shapes to fit a particular footprint. The arrangement of racks 300 around the
robotic arm 200 may be symmetric or asymmetric.
[0042] In the example shown in FIGS. 3 and 6, the robotic arm 200 is elevated
by and supported on a pedestal or lift 250 on the floor surface 10. The pedestal or lift
250 increases the height of the working envelope volume 210 by allowing the robotic
15 arm 200 to reach not only upwardly, but also downwardly to service test slots 310.
The height of the working envelope volume 210 can be further increased by adding a
vertical actuator to the pedestal or lift 250, configuring it as a vertically actuating
support 252 that supports the robotic arm 200, as shown in FIG. 7. The vertically
actuating support 252 is operable to move the robotic arm 200 vertically with respect
20 to the floor surface 10. In some examples, the vertically actuating support 252 is
configured as a vertical track supporting the robotic arm 200 and includes an actuator
(e.g. driven ball-screw or belt) to move the robotic arm 200 vertically along the track.
A horizontally actuating support 254 (e.g. a linear actuator), also shown in FIG. 7,
may be used to support the robotic arm 200 and be operable to move the robotic arm
25 200 horizontally along the floor surface 10. In the example shown, the combination
of the vertically and horizontally actuating supports 252, 254 supporting the robotic
arm 210 provides an enlarged working envelope volume 210 having an elongated
substantially elliptical profile from a top view.
[0043] In the example illustrated in FIG. 8, the disk drive testing system 100
30 includes two robotic arms 200A and 200B, both rotating about the first axis 205. One
robotic arm 200A is supported on the floor surface 10, while the other robotic arm

200B is suspended from a ceiling structure 12. Similarly, in the example shown in



system 100 includes at least one robotic arm 200 defining a first axis 205 substantially normal to a
floor surface 10. The robotic arm 200 is operable to rotate through a predetermined arc about the first
axis 205 an¥28284H84dially from the first axis 205. In some examples, tHRCTOBROHEIBAS2H0 is
operable to rotate 360 about the first 10axis 205 and includes a manipulator 212 disposed at a distal

end of the rqliefic; aspuRdRdrbpoElamdiskEiive OQnshonal diskndrvetitaingporteridb0 can-ying the
disk drive 500 (see e.g. FIGS. 13-14). Multiple racks 300 are arranged around the robotic artn 200 for

sgrvicing by tHePREboR > ann 200. anh rack 300 houses multiple test slots 310 configured to receive
disk drives 5@@4ay testingi TR xbatjiciln 2084 3 eliaes, alrutiskadiadiyesyligdysahwiiking envelope

volume 210, with the racks 300 bei d within th Ki
O o e e ot e e a8 e >

e ro%%otl% ann . The

SU?S}_%n_tiagyz% iﬁdﬂk«?&gl’@ﬁ&ﬂﬁ@@ﬂﬁl@@&m| ume2bQpsavides endaipacfeatprintiakig is generally
only imited in capacity by height constraints. 20[0039]The robotic ann 200 may be configured to
independentl SBRQ %ﬂﬂ%&éﬁ?éf@Lﬁ?rﬁ})é@g’dgvédl%ﬁrlﬁr&% 8\{/]&18@(%%}263%/?\%%0 8 through the

testing systemdl@@nA esydinuaus fmvhingivitlyadidiskiteives 50B #lHugh the testing system 100

allows random start and stop.times for eaci%éigkﬂq ive 500, v.vheieas §thtem§htga%ﬁ(egylf{/ree batches of
the ere

disk drives 508%3]be run R CAEERATSP P BLIORE SRt AR end Times. ore, with

continuous flewidiskstrinad6aR Riddifteresibaapaeiiie Oatispesedroatbiee dare 2ime 6ihd Berviced

(loaded/unloaded) as needed. [0040]Isolation of the free standing robotic 0p. from the racks 300
aids \Woratioﬁ‘é’@ﬂt?é’ﬁmt?g?dﬁl@%‘tg%frﬁfﬁ%ﬁl iy lé%mce Oﬁ?eleffg%%){slﬁr ace \éléfe)e e.g. 30FIG. 10) as a

ares
COmMMOoN SURREEPSISEL Aidn dikerso@rds, fhei colotih anisiddGysteeBitpiods frbgnihentadks 300 and

nstances, edir HACEAUB HOLERE S 208Dy A P E PO OBbA LT Lot 240 oLt sios 310, 1
other instanggs, 1he sacks 896 450y Theizeiandesthsitlcapicites[0@4bhntiheraxafies illustrated in
FIGS. 13, tg?iégicnkgst g (r)o E)(%ig I:argrrl] %%8 to a fiducial mark 314 on the rack 300, preferably the
15 test slot 310. In some examples, the fiducial mark 314 is an “L” shaped mark located
near a corner of an opening 312 of the test slot 310 on the rack 300. The robotic arm
200 aligns itself with the fiducial mark 314 before accessing the test slot 3 10 (e.g. to
either pick-up or place a disk drive transporter 550, which may be carrying a disk
drive 500). The continual robotic arm alignments enhances the accuracy and
20 reputability of the robotic arm 200, while minimizing misplacement of a disk drive
transporter 550 carrying a disk drive 500 (which may result in damage to the disk
drive 500 and/or the disk drive testing system 100).
[0046] In some implementations, the disk drive testing system 100 includes a
transfer station 400, as shown in FIGS. 1-3 and 10. While in other implementations,
25 the disk drive testing system 100 include may include a conveyor belt (not shown) or
an operator that feeds disk drives 500 to the robotic arm 200. In examples including a
transfer station 400, the robotic arm 200 independently services each test slot 310 by
transferring a disk drive 500 between the transfer station 400 and the test slot 310.
The transfer station 400 includes multiple tote receptacles 430 configured to each
30 receive a tote 450. The tote 450 defines disk drive receptacles 454 that house disk
drives 500 for testing and/or storage. In each disk drive receptacle 454, the housed
disk drive 500 is supported by a disk drive support 456. The robotic arm 200 is

configured to remove a disk drive transporter 550 from one of the test slots 310 with



equidistantly radially away from the first axis 205 of the robotic arm 200. However, 5 the racks 300
may be arranged in any pattern and at any distance around the robotic ann 200 within the working
envelope vONPPIO94 e racks 300 are arranged in at least a partially cloB&d/HORMYASESHUL the first
axis 205 of the robotic ann 200, such as an open or closed octagon, square, triangle, trapezoid, or

g_tff]:er pﬁlygomefg&ﬂgﬁl%ﬁ&fzm@jﬁnearﬁah@w Ik GSe 465 The meks S0BIMRIbeccoptigleed in
ifferent sizes 10and shapes to fit a particular footprint. The arrangement of racks 300 around the
robotic arm 296 fﬁ&}ﬁ‘B@Nﬁw@{%‘(ﬁ%@%ﬁ‘rﬂé‘iﬁﬁ?%%ﬁ’f]fﬁ%?B%E%n%?e a§HIot %niﬁeg'\las&l 3 and 6, the
robotic arm 204 isrRlevatagdeassoswanoitationrapedeshaten)ifo 260ten the Avorsurdaces10. The
pedestal or lift 250 increases the height of the Workin%&enveEl e volume 19b !imﬁlin the robotic
sttt

15arm 200 t8'rdscH Koty Ubwarty BUPEILBdoRANGraR 10 <S&HIR 4

_ SEHIRE TS & height of the
working envelapgialtpe2100ean Qe juidher ingréastckhiradding povert®sd astuater tte the pedestal or

lift 250, configuring it as a vertically actuating support 252 that supports the tic arm 200, as shown
in FIG. 7. Th@%@t%d&ﬂ?%&?éaﬁﬂwg%ﬁ %F?Ségkof?o&%g’rﬁmg‘f ?%’8\/6%%8538 °6u5§%%ﬁa§86“\%’erticany with
respect QOtCI)tH&Qié% SuKfased Soonsomdiskdrlesiiponertcally dctuatingessport 282 is configured
as a vertical track supporting the rqbotjic ann 200 and_includes an actuator, (e.q. .driv all-screw or
belt) to movEtHETERRHA LR BHA! ﬁ?t%ﬁﬁf’é}%"é‘ﬁﬁg ?p;%:(f(.reﬁ“ oﬁlzeo%r? éﬁ‘é/)cg% u%alﬁﬁ% 5g%rja)pﬁé())ort 254 (e.g. a
linear actuatepy edsRestOMArineiGeptathaybe atshd tansfppattithe4eboticianicatd@andise operable to

move the robotic arm 25200 horizonta long the, floor sur 0. dn the,example,sho the
combifiation Brtirelggigaiy I ﬁ'&?ﬂ%@ﬂﬁ} tglgtﬂ%hor?bc 8lippor Ségﬁ%% W Sﬁ%gt%d?ﬁ%\ﬁ?gbotic arm
210 providegcatentargechweikiogrenealtalviokirne:gtol baviigtanidlgngated siifistavitiatily elliptical

profile from a top view. [Q043]In the example ilustr in FIG, 8, the disk driye testing system 100
30includes L COR 188 LU (MAE (%B\Oﬁﬁgléggsg, S0th ro gtzligéﬁggrggté I[t resﬁrg?%)é({i%OS. One robotic arm
200A is supgooter] on the fiberssacstifondiie, heatierrobplis,and 2888 iativspensefrom a

coling St 12, SIBITY e e 1o 0,0 2D NISHSF LS . 7
15 mounted in the station housing 410, for example on a spindle 412 extending along the
longitudinal axis 415. Each tote receiver 420 may rotate on an individual respective
spindle 412 or on a common spindle 412. Each tote receiver 420 defines first and
second opposite facing tote receptacles 430A and 430B. In the example shown, the
transfer station 400 includes three tote receivers 420 stacked on the spindle 412. Each
20 tote receiver 420 is independently rotatable from the other and may rotate a received
disk drive tote 450 between a servicing position (e.g. accessible by an operator) and a
testing position accessible by the robotic arm 200. In the example shown, each tote
receiver 420 is rotatable between a first position (e.g. servicing position) and a second
position (testing position). While in the first position, an operator is provided access
25 to the first tote receptacle 430A, and the robotic arm 200 is provided access on the
opposite side to the second tote receptacle 430B. While in the second position the
robotic arm 200 is provided access the first tote receptacle 430A, and an operator is
provided access on the opposite side to the second tote receptacles 430B. As a result,
an operator may service the transfer station 400 by loading/unloading totes 450 into
30 tote receptacles 430 on one side of the transfer station 400, while the robotic arm 200

has access to totes 450 housed in tote receptacles 430 on an opposite side of the

transfer station 400 for loading/unloading disk drives 500.
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[0044]In the example illustrated in FIG. 9, the disk drive testing system 100 includes a rotatable table
260 that supports the robotic arm 200. The rotatable table 5260 is operable to rotate the robotic arm
200 about a¥%@2MUaI4262 substantially normal to the floor surface 10, thRedSRIOY/SEEd4a larger
working envelope volume 210 than a robotic ann 200 rotating only about the first axis 205.

_[00|45d]Refe”f'@@4§?th to F2|§ﬁ(~')§ Ctjr%r%fé? g’i@ﬁ%%h'kml)'%mﬁﬂ@tw%ﬂb@}iﬁﬁk v Lestiihg sydtem 100
includes a vision System 270 disposed on the robotic arm 200. The Ovision system 270 is configured to
aid guidance RN Eobsk darss éj@@ wrimd fraRs s STV B6¢Th 18%@%%?&% vision system

'[27? alidtsﬁgﬁ{}md%/%?f %ﬁ% c')ﬁigl_dﬁri&l&"lw&@ﬁiﬁ%@i@e hejgtdty dheisramipedaton Ril2pddrdnsertion in the
estslo and/or tote 450. The vision system 270 caljbrates the ropotic grm 200.by aligning the
robotic ann Q]GO_t‘féné_fﬁHﬂéFé?fhféWc SIM}B’rFﬁ?B‘Pé%EZ‘%U‘, B‘rfllffabﬂ/ ?ﬁ%gltg%%%tgglgpg 0. In somg
teximﬁlte;if)%&?#%%gfﬁréﬁm%dwrmp@@ marklogaechneanstharmernobadespening 312 of the
est slo on the rac . The robotic ami 200 ali itself with the fiducial mark 314, before
accessing th fé’é‘?‘é‘?d??fd’%@.&?rtﬁugﬁ%}’%@RWSF%%E& qr JrSR OB ﬁ%%%ar{g)rnég W |6():h may be

carrying a dig geig, 200ksThpcanGAvEl 50D0tTearmalgnole s @nhareed shefacturacy and
20reputability of the robotic arm 200, while minimizm%)misglacement of a d(if,1S drive irapsporter 550

carrying a disSRAHRIATSHB (RHRh S GRTHQHTS g EE T S GRS B0 AR d/or the disk drive
:estmfg SytSt%éLAfQ%e E@@éf}iasm implemaniatiansithedjsksgemevtégting system 100 includes a
ransfer station , as shown in FIGS. 1-3 and 10, While i er implementations, 25the disk drive
testiri systeif0#8b includé*haysigidadr 4 o RaYSt (f dgl%war%a(%l %ant%&?g 4S5t feeds disk

dr(ijves 530 tc%tﬁi{bﬁqm%@' rn R9Rd by eRamglas jrokidingpertiensterstationel0dmitre tofsotic arm 200

independently services each test slot 310 by transferring a di rive 500 between the transfer station
400 and the ft%“s@cpé‘?ﬁ{eﬁﬁ.oTh%“tPé’ﬁE?g?ré’@? tih‘i%%séﬂﬁ%géorrn%iléljpﬁs%%t?ecvé%\fga%fjeaéq il gf:onfigured to
each 30recejyg ateie 400 Thedataddadefines siskidrite regeptaciostd St thtichotde disk drives 500

for testing and/or storage. In each disk drive receptacle 454, the housed disk dri 00 is supported by
a disk drive SappGHEEMTHY rORYRE 5?#%&@@%@%%%56% ?gtr]ﬁlgég?grgf&v&rri\%{g (%?ansporter 550

from pne of tigitastlatsiBlBemikociated housing door 416 is open.
[0050] In some examples, the transfer station 400 includes a station indicator
418 which provides visual, audible, or other recognizable indications of one or more
states of the transfer station 400. In one example, the station indicator 418 includes
lights (e.g. LED’s) that indicate when one or more tote receivers 420 need servicing

20 (e.g. to load/unload totes 450 from particular tote receives 420). In another example,
the station indicator 418 includes one or more audio devices to provide one or more
audible signals (e.g. chirps, clacks, etc.) to signal an operator to service the transfer
station 400. The station indicator 418 may be disposed along the longitudinal axis
415, as shown, or on some other portion of the station housing 410.

25 [0051] In the example illustrated in FIG. 11, a tote 450A includes a tote body
452A that defines multiple disk drive receptacles 454A. Each disk drive receptacle
454A is configured to house a disk drive 500. In this example, each disk drive
receptacle 454A includes a disk drive support 456A configured to support a central
portion 502 of the received disk drive 500 to allow manipulation of the disk drive 500

30 along non-central portions. To remove a housed disk drive 500 from the disk drive
receptacle 454A, the disk drive transporter 550 is positioned below the disk drive 500
(e.g. by the robotic arm 200) in the disk drive receptacle 454A and elevated to lift the
disk drive 500 off of the disk drive support 456A. The disk drive transporter 550 is

11



WO 2009/079449PCT/1JS2008/086814 the manipulator 212, then pick up a disk drive 500 from one
the disk drive receptacles 454 at the transfer station 400 with the disk drive transporter 550, and then
return the dBIOZAWKT248porter 550, with a disk drive 500 therein, to the te HATLABH68d4ting of the
disk drive 500. After testing, the robotic arm 200 retrieves the tested disk drive 5 500 from the test slot

310, by remeyingdhe Highidriy e b angnaiier oo crIYIRE Ahe lidsted sl divei S0 frernoihe test slot
310 (i.e., with the manipulator 212), carrying the tested disk drive 500 in the disk drive transporter 550

to the transféptsdstivera 6 dsehninp [Aastio e afsk EFErdhporter 550 to return the tested disk

drive 500 to i of the dis drivexarsRIacies 484 iatie. ransietsiation 4004és implevoeptations 10that
include a vision system 270 on the robatic arm 200, the fjduc('?ﬁl mgark 314 ma%/) be4'élf§%ed adjacent one
or more diskddAberhatapiaero st idaR Brad Btk ACiFcrERaVRg or d&dositing disk

drives 500 affhe tansipiustation,A0fs MY The tRrsfier stappordOsin somamkampldsiincludes a
station housing 410 that defines a longitudinal axiiBAfl% One orinmore tote re&eé'\éers 420 are rotatably
15mounted i 76 &@llidn BoobiRg SPIBMRFEibE on &%Sfﬁla YE S WHRHRIRY 816y the longitudinal

axis 415. Eaghhipigrtaaeivepr0aesyiratptetn aoindividuat¢nsdeatitiveispintile 4lalonon a common
spindle 412. Each tote receiver 420 defin?ﬁ ;i{st and seconq oggﬁosite rff%% nttclwfgvre(?cgggs cles 430A and
430B. In the'BXaRHRIASW RIS FranYrer W atE 208 HataR HIEE otd Stacked on the

receivers

spindle 412. Eachwsiete remvaIA2isitndeprdidiedily cotatalierfram the afitd andchmeinptate a
received disk drive tote 450 between ez servicigﬁ g,)osit' (%% a c:gzagseiblet bgigfg (&)I;i)\gegator) and a testing
positith acca<EtidBYSHANREIE arth B¢ 25+ IHE BAMpte SHOWR, BachRote Feceiver 420 is rotatable

between a fifst §asition {eRDjseBERINGPASITON) @odiBlsédond (bsititn: @édtidg eositipey. While in the
first position, an operator is provided access 25to the firs receptacle 430A, and the robotic arm
200 is provid@@%£8§§%"b‘?1v g%’ﬁﬂ%gigéi‘igg‘fg ’iﬁcee%tggic?nog %o e ?e?lgesﬁfgglgtﬁoaé? W?I%el(r{ the second
position the [abefigarm2Q9dsinmvitediscaess i finshtolet¢acOfacie 480/, dndtattaperator is
provided access on the opposite side.to the second tote r tacles 430B. As.a result, an operator
may service ¥ %N%F@F@?&?éﬁ%ﬂ? F&ﬁ%iﬁﬂ)ﬁﬂ?o%amﬁé%g?egsl El?)ﬁlr? O%P?St@tsgarcélgtggetacles 430 on one
side gEthe trapséer SRt KQH W theuseb i chardisR Mo haseguest tStBebdBihoused in tote

e e e SIS AR e oo
delivering anghrticular column; however a greater storage density is achieved than the tote solution
shown in FIG. 11.
[0053] Referring to FIGS. 13-16, in some examples, the test slot 310 is
20 configured to receive the disk drive transporter 550. The disk drive transporter 550 1s
configured to receive the disk drive 500 and be handled by the robotic arm 200. In
use, one of the disk drive 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 550 with the manipulator 212 of the robot 200). As illustrated in FIG.
25 13, the disk drive transporter 550 includes a frame 560 defining a substantially U-
shaped opening 561 formed by sidewalls 562, 564 and a base plate 566 that
collectively allow the frame 560 to fit around the disk drive support 456 in the tote
450 so that the disk drive transporter 550 can be moved (e.g., via the robotic arm 200)
into a position beneath one of the disk drives 500 housed in one of the disk drive
30 receptacles 454 of the tote 450. The disk drive transporter 550 can then be raised
(e.g., by the robotic arm 310) into a position engaging the disk drive 600 for removal

off of the disk drive support 456 in the tote 450.
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retrieving disk drives 500 to and from die disk drive testing system 100. The totes 450 allow- an
operator to deliver and retrieve a batch of disk drives 500 to and from the transfer station 400. In the
example sh®¥#h2IRFNIB4490, each tote 450 that is 5accessible from respectiVREBIESPEB¥AREPIU 20 in the
second position may be designated as source totes 450 for supplying disk drives 500 for testing or as

destination tpigs450 for reegiyving desier disiodrines000hastinatiomiaies soMeykhriclassified as
-passed return totes" or "failed return totes" for receiving %Egcgg disl%? ives 500 that have either
passed or fa’iTéEPﬁol‘fﬁ?fc%ié)Qxe{hﬁ/d(’égt?}:lé’%éﬂﬁi’&??ﬁéfgﬁé] F&HG door A LS ESIVEARY or slidably

attached to thg Jeansfenstationdeusing 4d0pand cenfigingd sapodvidaapsiad Aceesadenne or more
tote receptacles 430. An operator ppens the hPusing oor 416, associated with a particular tote

receiver 4208 I5ad/AnibRARASRI LS o thalSeSHBEREbES TSRl AIEYNSE OF e tHAHRS station 400
may be configurshisnhelth tiepesaastive dik deceivangRtdbssationdasylidile sbmassootated housing

door 416 is open. [0050]In some examples, the transfer station 400 includes a station indicator 418
which provio‘£§ %%@QFP&JH?SF&"&%%@%gggﬁﬁ a%@%ﬂ%ﬁ%%t%gﬁslso 8%8%&%?}6‘165%%%%;1 the transfer
station 400. jR0ee SxaMPlao i isiaties inckeatdriid Siikaludess ightsatéve b BD'djsthatiirdicate when

one or more tote receivers 420 need servici Z%e. . to load/unlpad totes 450 from particular tote
receives 42Gf?ﬁ‘ﬁpz?ﬁ@fhsesroem&gfetﬂéog?atikgﬁoﬁ |63%8rrtlz? Illnt&é {t ég%(#ﬁ)(r)gn%re audio devices to

provide one ghmpiRddile signals (@gathiles; ohacks, ele:hi0isighial an epesatdrediservice the
transfer station 400. The station.indicatar 418 be_ disposed al the.longitudinal axis 415, as
showtf, or or@@&ﬁ%ogtwgpﬁb&fﬁ)rh%’?ﬁ%é&ai ﬁ%@%\glsn%)ﬁ%gf%ffﬁ n fﬁlé %’gé%balrésﬁﬁéﬁated in FIG.
11, a tote 456 inedusiesaa fiatadsnsytd 324, thatldefidek driltpie diskndrivstrpceptacteshdb4A. Each disk
drive receptacle 454A is configured to house a disk drive 500. In this example, h disk drive
receptacle 4 ﬁ%ﬁ&%&%‘éﬂgcﬁggb?i\%%‘&ﬁﬁsa’% E?g S%cs;lr? iGure: Cttgrs{rjlgptsj%r{) f@én%t?la% portion 502 of the
received dislghiiyenpOfcihaliow Fvanipulalionbefdhefidisied tivensofe3dalengshud-tanngk portions. To
remove a housed djsk drive 500, from the disk drive receptacle, 454A ' i porter 550 is
positioned bEIBHY tﬁ‘?éﬁubr}\‘?ér%’élblt(g?a‘f%r{}%teo};c} 8t?(lzsgr)éﬁ“é%gf?ﬁ%%éggigééﬁ%%y%ggﬁcIe 454A and
elevated to lifisthaotslodriveadOiniflefritraaisksdovesstip dort 4664 5Fhe distaclthse prarisporter 550 is
WO 2009/07 44?PCT/U82008/086 gf.then re oz}/%(ljnfggmt e ﬁjlisk drilv%ﬂﬁgp@li I%454A while
carrying the SR AP EIRAIAERY e 1 STEa8th 88 i 0

réét, %lich as d test slot 310.
inhibit movement of the disk drive transporter 550 relative to the test slot 310. The
clamping of the disk drive transporter 550 in this manner can help to reduce vibrations
during testing. In some examples, after insertion, the disk drive transporter 550 and
20 disk drive 500 carried therein are both clamped or secured in combination or
individually within the test slot 310. A detailed description of the clamping
mechanism 570 and other details and features combinable with those described herein
may be found in the following U.S. patent application filed concurrently herewith,
entitled “DISK DRIVE TRANSPORT, CLAMPING AND TESTING?”, with attorney
25 docket number: 18523-067001, inventors: Brian Merrow et al., and having assigned
serial number 11/959,133.
[0055] The disk drives 500 can be sensitive to vibrations. Fitting multiple
disk drives 500 in a single test rack 310 and running the disk drives 500 (e.g., during
testing), as well as the insertion and removal of the disk drive transporters 550, each
30 optionally carrying a disk drive 500, from the various test slots 310 in the test rack
300 can be sources of undesirable vibration. In some cases, for example, one of the

disk drives 500 may be operating under test within one of the test slots 310, while

others are being removed and inserted into adjacent test slots 310 in the same test rack
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[0052]In the example illustrated in FIG. 12, a tote 450B includes a tote body 4523 that defines column
cavities 4538 divided into disk drive receptacles 4543 by 5Smultiple disk drive supports 456B. The disk
drive suppoM9286803pd48antilevered off a rear wall 4573 of the column cavR{ BEIRUFHECHILK drive
supports 456B are configured to support a central portion 502 of the received disk drive 500 to allow

mani DU|ati0”3@6.tr@1£ﬂ§Ki9€M?e 04 longrpeRpeeirabpestinnsest i cantitevearad disk drive supports
456B allow retrieval of dis

_drives 500 from the tote 4?08 b ins&ﬁén% o?a %isk drive tr?ns(Porter 550
(e.g. as shoWRNFPRYEST 129 indy by iBsspEA dR hsveste ‘étp}é@;éisdf rTRe? BRI SAY RFIRG the disk drive
500 off the digldrive BHRPEI4AEER Toy remavalftamniae: disk drvetebeplactet4b 4Bk Tie same steps
are repeated in reverse for depositing the disk drive 500 in the tote 4503. A%?Qr?crl\)l& (i{he bottom disk
vVa

drive receptdE18sasre o el AREHIBITR ity WS S8TIBESRSETHRR AR fedhiftyed o '8fa disk drive

500 haused {;hggfog{gg gdrge receptacle 454B above it. Consequently, the disk drives 500 must be
loaded /unloaded in a sequential order in a particular colymn; however a gr a&er stPra]%e density is
lafél%_ .test

achieved thaf¥fi@ltote ol ERBIMIFEIC: P B62 R EARY W F) 18CiiYE0me examples,

the test slot 3JQds 300anfipdd itereceiectiepdisk sventcansponiesthbOwTtheldiststslues transporter
550 is configured to receive the disk drive SO%E‘S‘d éae handlged. b}y the robog{ic fr?t}%og" n use, one of
the disk drive tPanspoFRIrPEEH AR RELHBHFENE (SrRRRIES LTSRS GUMHR 198 Tobot 200 (e.g., by

grabbing, or theswise Lagadinautbe Mdantatance e amiel tiandiphideiv b5 writhstiseemddipulator 212
of the robot 200). As illustrated in FIG. 2513, theg%if?&g(ri e transporter%SO i 8Iurlidgs a frame 560
definitfy a subRAREERYSEFISAIDSIPBHERRRYEE L AOMHIRH 5y EiisHiat BE H?Ség and 5

an a%%‘ggrplate 566

that collectivelyaloys tha drams k0t firaspundetbeveiskodtivecmappdrd ¥k Eliny thigdtobe 460 so that the
disk drive transporter 550 can be moved ée.(a., via th 4{8botitc r 2£0 intota o?tio%%aesrt\eath one of
the disk drivas 580 Hdset SHEEaEIthe Il a?/i%%grec%%%;{g?és Woq R the tote 450. The disk drive

transporter 556 gan. ther kenpisadrieconty thedolBtitmambalo) intmaveosidfeangdaing the disk drive

600 for removal oftof the disk drve suppat 456 11 15 1012 459 O 1 some examples, the

15 air mover 342 is located exteriorly of the test slot 310. A vibration control system
350, such as active or passive dampening, controls the vibration of each test slot 310.
In some examples, the vibration control system 350 includes a passive dampening
system where components of the test slot 310 are connected via grommet isolators
(e.g. thermoplastic vinyl) and/or elastomeric mounts (¢.g. urethane elastomer). In

20 some examples, the vibration control system 350 includes an active control system
with a spring, damper, and control loop that controls the vibrations in the rack 300
and/or test slot 310. A data interface 360 is in communication with each test slot 310.
The data interface 360 is configured to communicate with a disk drive 500 received
by the test slot 310.

25 [0057] In the example illustrated in FIG. 18, each rack 300 includes at least
one self-testing system 600 in communication with at least one test slot 310. The self-
testing system 600 includes a cluster controller 610, a connection interface circuit 620
in electrical communication with a disk drive 500 received in the test slot 310, and a
block interface circuit 630 in electrical communication with the connection interface

30 circuit 620. The cluster controller 610 may be configured to run one or more testing
programs, such as multiple self-tests on test slots 310 and/or functionality tests on
disk drives 500. The connection interface circuit 620 and the block interface circuit

630 may be configured to self-test. However, in some examples, the self-testing
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[0054]With the disk drive 500 in place within the frame 560 of the disk drive transporter 550, the disk
drive transporter 550 and the disk drive 500 together can be moved by the robotic arm 200 for
placement WHRieHE dthe test slots 310, as shown in FIG. 16. The manipBafd/$2998/6368dd
configured to initiate actuation of a clamping 5mechanism 570 disposed in the disk drive transporter

550. This allgusActwatinnaidhs flampinamechenisnt@cdatosedhndeasaarel 3561is moved fi-om
the tote 450 to the test slot 310 to inhibit movement of the disk drive 500 relativejmhidisk drive
(0]

transporter S5H1B&MRIY HOMBYE OPROT IS HERAIEH TP HRe Ak SovS 155 AR TRP 212 can again

actuate the clamping mmeshanisniri: wseieassdberdiskri@dsiperBithwithiskide feanyp&60. This allows
for insertion of the disk drive transporter 550 into one of the test slots 310,#1 tiléh giskldrive 500isin
a test positiciith Edigle ek c@ﬁﬁ@ét%?lgfétéﬁ‘g%f&e?fW?ﬁeac?é%?%ﬁlgpgo%ntg& 1rsgnol?%fhown). The

clamping meehaisnRAD ey Blea-hetepadigusaetolengagednentest slot3dOhorncH-tegeived therein,
to inhibit movement of the disk drive tran,spgrter 550 relative to the 15test slot[ 310 Iglguch

implementatfoitsidit irddierghlfss 605801 MRS n SO e RBMBMEG fhad ThiEm 570 is
engaged agaiadedtefidheirnansniaial 2dd)ie phbicinvemnsehtotiheidiskodiddisnsporter 550

relative to the test slot 310. The clamping of the disk drive tr er 550 in this r.can help to
reduce vibratShE ARG R ASYRHRISERE E%?ﬁ?ﬁﬁ%ﬁe}rﬁﬂ’ép?ﬁ@é@%gtﬁgﬁ|s five :@gggolrster 550 and

20disk drive 5QQIGasresdvaTeln @i hatbfalamipegrakdettsdhiseddmbiedtananindividieally within the

test slot 310. A detailed description of the clamping mechanism 570 and other details and features
combifiable RH ﬁﬁggp&é%rc?fﬂéedjﬁb?@ ‘%}%{fieb rl’é%ﬁarfh ﬁ;Hesi!D?RCk in e@a TR

e following U. eff)g\%ht applﬁcation filed
concurrently ety enéilaeh] PESKRRVETPRANGRORT (GLAMBINGANDT ESTING", with attorney
25docket number: 18523-067001, inventors; Brian. Merrow et al., and having assigned serial number
11/959,133. T@ﬁggﬁf?étdiléﬂsdﬂ\pe@gﬁﬁ%h% Bg%eé:%s%Ve to vibrations. Fitting multiple disk drives 500 in
a single testapig P10 andEaetniagktbewisksdrivesanple, gndiutisgtéstinghcadsnvehiza the insertion and

removal of the disk drive transporters 550, each optionally carryin isk dri rom the
various test SStOS TR Tt ?8%8%%‘@%5%% eélgqo(?%r? Sets%ir% ﬁgi;@ |('1JE\Lr/11. (i%%s%gr{ne cases, for

example, ong.afihedisindriesho0 neaebe eperaidng sintterdss0ylithinaodensupporest slots 310, while
2009107440 TSSG SR B SO CIHBIY e Sl e A EHE B0 5 the test st 310
after the dislqgiéviedtaing partary50ds dellystisg techintathe festsiotdtDcddsidsedikdlalyove, can help
e o o g e o A SR YA arsprers
read and write data at different temperatures (e.g. read while hot and write while cold,
20 or vice versa). The functionality test may test every memory sector of the disk drive
500 or only random samplings. The functionality test may test an operating
temperature of the disk drive 500 and also the data integrity of communications with
the disk drive 500. The functional testing system 650 includes a cluster controller 610
and at least one functional interface circuit 660 in electrical communication with the
25 cluster controller 610. A connection interface circuit 620 is in electrical
communication with a disk drive 500 received in the test slot 310 and the functional
interface circuit 660. The functional interface circuit 660 is configured to
communicate a functional test routine to the disk drive 500. The functional testing
system 650 may include a communication switch 670 (e.g. Gigabit Ethernet) to
30 provide electrical communication between the cluster controller 610 and the one or
more functional interface circuits 660. Preferably, the computer 320, communication

switch 670, cluster controller 610, and functional interface circuit 660 communicate

on an Ethernet network. However, other forms of communication may be used. The
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Stransporters 550. [0056]Referring to FIG. 17, in some implementations, the disk drive testing system
100 includes at least one computer 320 in communication with the test slots 310. The computer 320
may be conMfR1I2880(07Pt#ide inventory control of the disk drives 500 and/oP&h/HE284R6H nterface to
control the disk drive testing system 100. 10A power system 330 supplies power to the disk drive

testing systeg, 100, A6 PWEFYSIeBEG 3 edhinRRiatansiiie teghbatbpawetiodbadeceived disk
drive 500 in the test slot 310. A temperature control system 34 ce?fntrols th 6?51 Egture of each test
IR

slot 310. ThéErjserataiel cdhtfof ubrr Al A B RGOS AN & perable to
circulate air Ques ANYEINTHOLAIPINE AgSt alon3 1P SINSSEBR A ampied s 5air mover 342 is located

exteriorly of the test slot 310. A vibration control system 350, such as active ar passjve dampening,
controls the WB&tlon of et Epdiaf RYGOTR @%Q%ﬁ%%}qﬁé“aﬂ%ﬁéﬁa&fg%@s%]@m 350

includgs a pasgiveidamPeNine sysiemnhaisCompenecathefithaitestsididldiams sonneoted via
grommet isolators (e.g. thermoplastic vinyl) and/qr elastomeric mounts (e.g. urethane elastomer). In
20some exafipifel YRESHIVAGH 66?1&8@?&@%?%?? iﬂ%ﬁf&@?ﬁ%ﬁcﬂ@é@)ﬁﬂ%lﬁg@§5m@ﬁﬁ a spring,
damper, and;genisol igen, et cerpaladhs vivatiensinlibeiade30fiandion)teShslotifl A data
interface 360 is in communication with each éest slot 310. T%elcg_‘ata interface 356%% |§ configured to

0

communicatéiiAs #EaHATE BT AR BYRETEEE &815518  S5iG0EPAI TRe exampte illustrated in

FIG. 18, each $aqki300 ncldeesat ieass onaselidesting dysteboBObrin 2otrnmunitatiomwith at least
one test slot 310. The self-testing system 600 includes a clyster cgntraoller 610, a conpection interface
! TR S AR

circuit®20 infetebthdn e emMLTRRLSR WS FEL i et e tes and a block

receiv
interface cirqyifGagelgsioast savINMRiestisit with 108 conmestienintsifacbid0giveuit 620. The cluster

controller 610 may be_configured to rup one or more testing programs, h,as multiple self-tests on
A e SO L ATE BB oA ta e G

test slots 31H&A € conneéctionin ircuit 620 and the
block interfaggngiieuith 3 may drenaaniigiorachl eosetdesturfaveeMer Thesantkoexacipdes, the self-testing

WO 00l P 0 s e K o o
ponents of the disk drive testing system
100. For examplerihe sfiast ciauilob800naihe configur ediochentdim sdiskieidisktype and/or ‘test
clustor bontGTRE Y8 i EoPR RS S o St LR O O Eer s e, Uit
_Ethernet), yvm_@thmﬁm@ommwﬂgawmﬂﬁhgthﬁ: b_(l!b@kid:ﬂiﬁfféﬁé txirmliﬁcﬁ&(llanﬂiskrﬂd‘the_ connection _
e L R T T GO e
to over a computet«r askigherss Glevick setial partidteablockintefaomeirnyitd3Mistemsfigured to
gﬂcgggs%%v_vetrhgrr]gc E%B%rr? lJc\rx?o(g)frthe()}g ggssokc)ita ed tes nsqortg% § %pér(%n 1%'&'1%!? tE)ex%toQJthﬁs%lo and/or disk
drives 500 internally from one test slot 310 to another test slot 310, in case the test
slots 310 are provisioned for different kinds of tests.
[0060] In some examples, the method includes actuating the robotic arm 200
to deposit the disk drive transporter 550 in the test slot 310 after depositing the tested
25 disk drive 500 in a disk drive receptacle 454 of the disk drive tote 450, or repeating
the method by retrieving another disk drive 500 for testing from another disk drive
receptacle 454 of the disk drive tote 450. In some examples, delivering the disk drive
transporter 550 to the test slot 310 includes inserting the disk drive transporter 550
carrying the disk drive 500 into the test slot 310 in the rack 300, establishing an
30 electric connection between the disk drive 500 and the rack 300.
[0061] In some implementations, the method includes performing a

functionality test on the received disk drive 500 that includes regulating the
temperature of the test slot 310 while operating the disk drive 500. Operation of the
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[0058]Each rack 300, in some examples, includes at least one functional testing system 650 in
communication with at least one test slot 310. The functional 15testing system 650 tests whether a
received disWAANOH0M4Aeld and/or supported in the test slot 310 by the difiCHARWEM8SIker 550, is
functioning properly. A functionality test may include testing the amount of power received by the disk

drive 500, the QP&IAING &RRSRIUIRILDE dRlibriadeachaing wide atay andatheoahilitido read and write
data at different temperatures (ef.;ﬁ. read while hot and write while cold /200r V%Vﬁrstagt The
functionality‘iéé’?rﬁ%(g té 8 aNeRp %W%é’&?&ﬂd@f‘fﬁ%“&‘?gﬁ%ﬁ\?é)%@ﬁg ShP Ao dSthplings. The

functionality g3ty et @ arekatiperiamper aldiesetihesdkladiveop0ranchalBorthe data integrity of
communications with the disk drive 500. The functional testing system 650 includes a cluster controller

610 and at lésstlatieerapvssdalvreddedhsdstk $8v%inBectrical communication with the 25cluster
controdler 61lgboézq0nnecti@fmsiaﬁeéf@e@r@r@g;iﬂﬁaﬂd&m elenideaperormimjcatitskwitva tipk drive 500

received in the test slot 310 and the functional intefface c?itl;cuét 60. Trl%furﬂ: iorgal inte{([;%:e circuit 660
is configuredtd/ebriFMiuTRt AR Y FREMSHSIELEY LT MY dilk HHUAEOE TR R EHGHAI testing

system 650 gayhinbdle acrorprusioatiorstyiteb fifdtemgliGigabit Eiteioedia prodige electrical
communication between the cluster controller 610 ggﬂ}g}hﬁ ne.or mare functional. interface circuits
C

660. PreferaBiyy shidRosalititst st B mHABAREH TSP eSS S 10" and functional
interface CirGeif-fQ eRANWMIGS, Gblaafdibesngpaetd aikhtimaater 3othiey therisloicgemmunication

may be used. The WO 2009/079449PCT/U$2008/086814 functignal interface, circuit 660 may

comri@inicatS1BsHRat e b iR RLLBC \Sii%%‘srta%gf\sAafeﬁﬁ%%%orﬁagﬁtly(3%%1? ea?sk interface

also known agiBEy Ahle AR1, UDMA and PATA), SATA, or SAS (Serial Attached SCSI). [0059]A
s

method of performing disk drive testing includes loadin ltiple 5disk.drjves 500 into a.fransfer
station 400 ®Y°Hs by Ioamﬁﬁlﬂ?eeai’é'{?p ?%é@%@ﬁ%{g‘gf s ol g‘e VISIé)Igy a disk

sk“arive receptadg% pit efine

drive tote 450;sanfl J9adingdhel diskidrive dateadnQ ditooaidtenidasptacithd 8dedinsd BYthe transfer
station 400). The method inclydes, gctuatin roﬁo ic arm 200 to retrieve. a disk drive transporter 550
the ik deie AH0 SRR 3t

from a test s¥H41 BRSRLLE o URRGRE Fobotic ann 200 to retrieve one of 10the
disk dgves 5QehfuRdhestansfensiaiion «00dandatiumyithetitisiobitieb001Dthe aligning the
robotic arm 200 to a fiducial mark 314 on the rack 300, test slot 310, transfer station
400 and/or tote 450 recognized by the vision system 270.
[0064] Other details and features combinable with those described herein may
be found in the following U.S. patent applications filed concurrently herewith, entitled
20 “DISK DRIVE TESTING”, with attorney docket number: 18523-064001, inventors:
Edward Garcia et al., and having assigned serial number 11/958,817.
[0065] A number of implementations have been described. Nevertheless, it
will be understood that various modifications may be made without departing from

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

25 the scope of the following claims.
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disk drive transporter 550. The robotic arm 200 is operable to rotate through a predetermined arc about,
and to extend radially from, a first axis 205 defined by the robotic arm 200 substantially normal to a floor
surface 10. The method includes actuating the robotic ann 200 to deliver the disk drive transporter 550
carrying the 15disk drive 500 to the test slot 310, and performing a functionality test on the disk drive 500
housed by the rét/Eiddd aickAMER-Arisporter 550 and the test slot 310. The method then includes
actuating the robotic arm 200 to retrieve the disk drive transporter 550 carrying the tested disk drive 500
from the test slot 310 and deliver the tested disk drive 500 back to the transfer station 400. In some
implementationst-20 the FRE8 BN AFS B MBS iated test slots 310 are configured to move disk
drives 500 internally franviste test sdafigd@deoanntbeirteshs gk rinicasa dhedastisiats 310 are
provisioned for differ ndégi f tests, 0% ]I%% 0 X I he methad incl uating the robotic
arm 200 to depoes)ﬁ trﬂler}i |§r1 rfi%)éTq trgaﬁgségr %?t Siﬂ}ﬁﬁte%qﬁe@esﬁgt@fgt%ﬁeép §§Spuése}§%§r§tﬁ§ %ested 25disk
drive 500 in a diskbativerfeiceptacle 454 of the disk drive tote 450, or repeating the method by retrieving

another disk drive 500 ,mnﬁﬁfgiﬁggggﬁhﬁégatgﬁfuq%gfg\b%ﬁggﬁp%gI&A,‘Mn@fgp%gi,@lﬁ(q[&ve tote 450. In

some examples, delivering the disk drive transporter 550 to the test slot 310 includes inserting the disk
drive transporte?8B0 carrying the disk drive 500 into the test slot 310 in the rack 300, establishing an

30electric connection beiwiptndbisidiskeliive (504 Rast the sadie 300t pROGEKY woaigimpsimentations, the
method includes P?rformlin?qga(g%lctionali%tef(s onetthe received disk dJ've SOOii'[Pa‘(iQ%udes regulating the
10w of the WO

temperature of the test SI0 ile Operating the disk drive 500 Operatiol

2009/079449PCfprissonis/086814 received disk drive 500 includes performing reading and writing of
data to the disk drive 5QQebhE BGHBHEP BYARR A BUIRRTFHAHNGI AT RVRLIBPAY RSLRIAYgh the test slot

310 to control the temperature of the test slot 310, and monitoring and/or regulating power delivered to

the disk drive 500. 5[0 SYFIRTESAHIBHE 1P SURRLYHRVRARLIAE SISk RV IFRRE s Wrive' type and/or

'test slot only' type of sglbtgsiratorthsiast sjeted2ébufiuibetsetntesiting mysigamneasiieased by the rack 300
to verify the function&ln{] of the test sclr 310. The 'disk drive' type self-test tests the functionality of the disk
t

drive testing sys?g?n With %é@é‘?\}gsc} diSk drive 500, held and/or supported in the test slot 310 by the disk
drive a vibration control system configured to control rack vibrations;
a data interface configured to communicate with the disk drive in the disk
drive transporter received by the test slot; and
a rotatable table supporting the robotic arm and configured to rotate the

robotic arm about a second axis that is substantially normal to the floor surface.

2. The disk drive testing system of claim 1, wherein the power system is

configured to monitor power to the disk drive received in the test slot.

3. The disk drive testing system of claim 1, wherein the power system is

configured to regulate power to the disk drive received in the test slot.

4. The disk drive testing system of claim 1, wherein the temperature control

system comprises an air mover configured to circulate air through the test slot.

5. A disk drive testing system, comprising:
a robotic arm configured to rotate through a predetermined arc about, and to
extend radially from, an axis that is substantially normal to a floor surface and the

robotic arm;
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otransporter 550. The 'test slot only' type of self-test tests the functionality of the test slot 310 while empty.
[0063]In some examples, the method includes communicating with the vision system 270 disposed on the
robotic arm 200 to aid guidance of the robotic arm 200 while transporting the disk drive 500, which may
be carried by a disk drive 15 transporter 550. The method includes calibrating the robotic arm 200 by
aligning the robotic arn2Wip o2t kiR B4R sT ebeticamnI00savtiBIHRBIG rakgaiister station 400
and/or tote 450 tegpgRized by the vision system 270. [0064]Other details and features combinable with
those described herein may be found in the following U.S. patent applications filed concurrently
herewith, entitled 20" DIIKIBIRIGFESIPESPIRRE DY AP A GRS & éméllt'ﬁ@rfﬂ%ﬁ WEESH 849601, inventors:
Edward Garcia slalis endiparethp essigoediskdalouaniporict/@adiiréd [0Qabi aniskbdveof implementations
have been desctfitﬁglsnlhl vertheless, it will be understood that various modifications may be made

X . O : .. . . . ;
without departing from the spirit and scope of the disclosure. Accordingly, other implementations are

within 25the scope of thadisiioenagfdheams!tia1acks SoppAsrIEDERSt anesaligRstifigeysieting system,
comprising:  gARRNSRFBRMIISERA IR SRS LRIRUEN adredelarinett AP YeaNd to extend

radially from, a first axis that is substantially normal to a floor surface and the robotic arm; multiple racks
arranged around¥A®8¥8tic arm for servicing by the robotic arm;  muiltiple test slots housed by at least
one of the multiple racks, whereintartestalbéisadigiicas e to teeaiveerdlistidgipeotiansporter configured to

carry a disk drive for tet%tein 'ka&r!eg?tc%ﬂ/% é:%nt]rpu[teeS{ qopfigured to communicate with the multiple test slots;
a power system configured 1o supply power {0 the disk drive testing system; a temperature control system

configured to control a temperaamnecsfoatimergace circuit configured to communicate with the disk
drive received in the test slot; and

a block interface circuit configured to communicate with the
connection interface circuit, and to control power and temperature of the test
slot;

wherein one or more of the connection interface circuit and the block
interface circuit are further configured to test a functionality of at least one

component of the disk drive testing system.

6. A disk drive testing system, comprising:

a robotic arm configured to rotate through a predetermined arc about, and to
extend radially from, an axis that is substantially normal to a floor surface and the
robotic arm;

multiple racks arranged around the robotic arm for servicing by the robotic
arm; and

multiple test slots housed by at least one of the multiple racks, wherein a test
slot is configured to receive a disk drive transporter configured to carry a disk drive
for testing;

wherein one of the multiple racks comprises at least one functional testing
system configured to communicate with at least one test slot, the at least one
functional testing system comprising:

a cluster controller configured to run one or more testing programs on the disk

drive received in the test slot;
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one of the multiple test slots; a vibration control system configured to control rack vibrations; a data
interface configured to communicate with the disk drive in the disk drive transporter received by the test
slot; and a rotatable table supporting the robotic arm and configured to rotate the robotic arm about a
second axis that is substantially normal to the floor surface. 2. The disk drive testing system of claim 1,
wherein the power sysééfags ermfitareaaloniesiane cipsnep b gHeedisicemuninatavethiene test slot. 3. The
disk drive testinggygtesphabalainhgd, wherein the power system is configured to regulate power to the disk
drive received in the test slot. 4. The disk drive testing system of claim 1, wherein the temperature control

system comprises an &CPBEEHOIARGHEFHSLHRANELTSH T FOTEHIIR UG Hie HskdfG drive testing
system, comprisiegived ia tteaetictrmdondigueast thedtatei dhad irgdrfacera cedewiiaedhalie atbout, and to

extend radially T, a1 ?u)ﬁ'%tltcp%{lnﬁtgHQgt%%ﬁlles%Fmeall’l.ctgnﬁ@?gﬁ!;t%ucrf%ﬁu?ipc%t%haefﬂ%?t? 17

multiple racks arranged around the robotic arm for servicing Dy the robotic arm; and multiple test slots
housed by at ledgstanetioe thdhedistotisivacks, wherein a test slot is configured to receive a disk drive
transporter configured to carry a disk drive for testing; wherein one of the multiple racks comprises at

least one self-testing s¥stem configured to communicate with at least one test slot, the at least self-testing
system comprisifig: | BeiR&ER ¥ IR PYSHR G AR BRI TR Bie ARt NSRS on the disk
drive received indtintestsaiotfurthed conmietian Hiterisceticowbciigfigutedstabtionamunicate with the disk

drive received in hq testslot: and .. a blockhint(?rf ce Ci{CL”'[ confi ur(?(il to com]munjcatf-z with the
S ectrica comrhugl ation among the ciuster controller an ]g% east one ftunction .
connection mteneace circuit, and to control power and temperature of the test slot; wherein one or

more of the conniietfeeeipiteriace circuit and the block interface circuit are further configured to test a
functionality of at least one component of the disk drive testing system. 6.A disk drive testing system,
comprising: a robotic arm configured to rotate through a predetermined arc about, and to extend

radially from, an8axis tHh [ &SRS &PBPAISIBSr surface and the robotic arm:

a robotic arm configured to rotate through a predetermined arc about, and to
extend radially from, a first axis that is substantially normal to a floor surface and the
robotic arm;

multiple racks arranged around the robotic arm for servicing by the robotic
arm;

multiple test slots housed by at least one of the multiple racks, wherein a test
slot is configured to receive a disk drive transporter configured to carry a disk drive
for testing; and

a rotatable table supporting the robotic arm and configured to rotate the

robotic arm about a second axis that is substantially normal to the floor surface.

9. The disk drive testing system of claim 8, wherein the robotic arm comprises a
manipulator configured to engage the disk drive transporter, and the robotic arm is
further configured to carry the disk drive in the disk drive transporter to the test slot

for testing.

10.  The disk drive testing system of claim 8, wherein the multiple racks are

arranged equidistantly radially away from the first axis.

11.  The disk drive testing system of claim 8, wherein the multiple racks are

arranged in at least a partially closed polygon about the first axis.
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multiple racks arranged around the robotic arm for servicing by the robotic arm; and multiple test slots
housed by at least one of the multiple racks, wherein a test slot is configured to receive a disk drive
transporter configured to carry a disk drive for testing; wherein one of the multiple racks comprises at
least one functional testing system configured to communicate with at least one test slot, the at least one
functional testing system comprising: a cluster controller configured to run one or more testing

programs on theydisk driyecrgegiKRCgiHIRIBEHS M Iaim SkiRashPME funslional infaiiage circuit configured
to communicate with the cluster controller; and a connection interface circuit configured to

communicate witHAFRHARIY GHURARISAENVRIKE #I SADESBIMfy AL B IBUEPEHA% R onal interface circuit,
wherein the at leasingae\iuthriteal onkénfese dvpeitak fivs oe aeesfipilityd teachnestsloickate a functional test
routine to the disk drive. , 7..The di kéirive testing system of claim 6, wherein the at least one functional
testing system it: Hgﬂ%%ﬁpﬁsg)sggﬁf thernet switch configured to establish an electrical communication
among the cluster controller and the at least one functional interface circuit. 8. A disk drive testing

system, comprisiag: TR KR BTRGR YISHRGLeIspirde TRERYA MR RiRtegrmined arc about, and to

extend radially from, a first axis that is substantially normal to a floor surface and the robotic arm; multiple
racks arranged APEERFALRREIYGISOHIECART 167 SEMRHG 15 Ifehe Bt AUMELransPRIERBRM S slots housed by
at least one of thesmldtipleaatsthalaptetiive tesihaot asranstigiisadrianetrivataldisk drive transporter
configured to carry a disk drive for testing; and a rotatable table supporting the robotic arm and
configured to rotate the robotic arm about a second axis that is substantially normal to the floor surface.

9. The disk drivelfestinghsydiskiror dkatingsysibiaredsleaie Bobbtstrtheoohapidse & neafigiikstor configured to
engage the diskgrivgrapsryier g ihgfobotic arm is further configured to carry the disk drive in the
disk drive transporter to the test slot for testing. 10. The disk drive testing system of claim 8, wherein the
multiple racks are arranged equidistantly radially away from the first axis. 11. The disk drive testing
system of claim 8 wheTabdibledmuitipiarngeykseaidrirangsdunhat pagiriipgdiadlielnged polygon about the

fist axis. 12. The, disk rivs fesling sysiem ofdaim Spherein e robolcaum defies;a substantally
cylindrical working env IopD volumé,'and the multiple racks aré arranged within thie working envelope
volume for accessibilitgticdl yaghihtespshitddhesBpaiciufasy. the robotic arm.

16.  The disk drive testing system of claim 8, further comprising a linear actuator
for supporting the robotic arm and configured to move the robotic arm horizontally

along the floor surface.

17.  The disk drive testing system of claim 8, further comprising a transfer station
arranged for servicing by the robotic arm, the transfer station configured to supply

disk drives for testing.

18. A method of performing disk drive testing, the method comprising:

loading multiple disk drives into a transfer station;

actuating a robotic arm to retrieve a disk drive transporter from a test slot
housed in a rack;

actuating the robotic arm to retrieve a disk drive from the transfer station and
to carry the disk drive in the disk drive transporter, the robotic arm configured to
rotate through a predetermined arc about, and to extend radially from, a first axis that

is substantially normal to a floor surface and the robotic arm;
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13. The disk drive testing system of claim 8, wherein the robotic arm independently services the test slot
by retrieving the disk drive transporter from the test slot to transfer the disk drive between a transfer
station and the test slot. 14. The disk drive testing system of claim 8, wherein the robotic arm is
configured to rotate 360 about the first axis. 15. The disk drive testing system of claim 8, further
comprising a vertically ¥&tatih e (pieda aHAtS dpih@ihed Sotdr tanspanel kdyitghedtsto move the
robotic arm vertigally i kesigst to the floor surface. 16. The disk drive testing system of claim 8, further
comprising a linear actuator for supporting the robotic arm and configured to move. the robotic arm

horizontally along the fRSEPENIFEGEUNCHOR YRk e theitidve\used &Y G H1sE di¥eher comprising a

transfer station araaspgedrfandseeviesngdyatite robotic arm, the transfer station configured to supply disk

drives for testing. 18. A &?J%Elh ri\ﬁﬁetgﬁ}(in rvteh M Bpggsgg@%rés{ﬁeq: loading multiple

q%qhofrgsr{ rmingodistk%
, , . € roijotic arm.Yo retrieye
disk drives into a transfer Sta on, actuating a robotic arm to retrieve a di IVE transporter from a

test slot housed sk dadk; from s iest Algttrd rolstsliveirtive W shetrivg dodt it Slarsfivesfidon;the transfer station
and to carry the disk djyeqhe disk eiiMs-ansporter, the robotic arm configured to rotate through a
predetermined arc about, and to extend radially from, a first axis that is substantially normal to a floor
surface and the robotic arm; & €508 GAGRHIET BHBtRY S 6 TRTVBICHR VYIS 6% Bahsporter carrying the
disk drive to the test slot;  Ppesimiinga tonfijorel ity siesiippoiler diskedvie; housed by the disk drive

transporter and the test slot; anézlm ?Cﬁ‘fra“%%‘ Srts)l:e)%ticc amm Fg rotrigr\ﬁ(raoihaet éjni]slérg Lij\(g cH;z%ﬁlesporter, carrying
the disk drive, from the test sf‘ott and fo defliver the disk rlvglio%e ranster staﬂlon; wherein the rack

comprises: at least ondesoitgbuter configured to communicate with the test slot; a power system

configured to supply power 1q (igrka6K contré K RRRREBMIGURANERLRYIGARICOBRM to control a

temperature of the test slot; a vibration control system configured to control rack vibrations; a data
interface configured to commufiEaRISHitRe RRTHRIES O ST HRR WHOAG Sl FBIERdBRived by the test

slot; and a rotatable tableksitppariingdher rebsticdaymhanesicsiofighged to rotate the robotic arm about a
second axis that is SUbStantl%l%&%rtmeatlag?etplﬁjg)lgr%gs lthe‘r’lr(n\ﬁgbtic arm and configured to rotate the
robotic arm about a second axis that is substantially normal to the floor

surface.

19.  The method of claim 18, further comprising actuating the robotic arm to

deposit the disk drive transporter in the test slot.

20.  The method of claim 18, wherein performing the functionality test on the disk
drive comprises regulating the temperature of the test slot while operating the disk

drive.

21.  The method of claim 20, wherein operating the disk drive comprises

performing reading and writing of data to the disk drive.

22.  The method of claim 18, wherein the rack comprises a first rack and a second

rack, each arranged equidistantly radially away from the axis.

23. The method of claim 18, wherein the rack comprises a first rack and a second
rack, each arranged in at least a partially closed polygon about the first axis of the

robotic arm.
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19. The method of claim 18, further comprising actuating the robotic arm to deposit the disk drive
transporter in the test slot. 20. The method of claim 18, wherein performing the functionality test on the
disk drive comprises regulating the temperature of the test slot while operating the disk drive. 21. The
method of claim 20, wherein operating the disk drive comprises performing reading and writing of data to
the disk drive. 22. The method of claim 18, wherein the rack comprises a first rack and a second rack,

each arranged egidistapndagpbivitmay AiRARIBEnHHSIng drd MAiRgakP @t RghlaBesBsivtitgrein the rack

comprises a first rack and a second rack, each arranged in at least a partially closed polygon about the
first axis of the rGHBR! HiniempY Ao fBE16Y Hdim 18, further comprising circulating air through the test
slot to control the temperature of the test slot. 25. The method claim 18, further comprising monitoring

power delivered theﬂ; k drive. 26. The h laim 1%1 further comprisipg. regulating power delivered
o the disk drive 257 THE M B R Rl B RO IO T cervice the
test slot by retriediffltive. disk drive transporter from the test slot to transfer the disk drive between the
transfer station and the test slot. 28. The method claim 18, wherein the robotic arm is further configured

to rotate 360 about the axis. 29. A method of performing disk drive testing, the method comprising:
loading multiple #isk drieFHROS Haimst8, RS FOmPrisig, gy FUNERRYE SRhVESEFRiiGe a disk drive
transporter fromdistegtivdot housed in a rack; actuating the robotic arm to retrieve a disk drive from the
transfer station and to carry the disk drive in the disk drive transporter, the robotic arm configured to rotate
through a predetermined arc about, and to extend radially from, an axis that is substantially normal to a
floor surface andthe rolyetioediag; claimabiuatiergithde opstiic arm isdfadiRraotiiigwikskteo sewineansporter

carrying the diskyclriug Wotfy 1eF1ewRE the RKIRIVBIRShSBHACHRIRINY fER SR HRaHL7 Grive housed by the

disk drive transporter and the test slot; actuating the robaotic arm to retrieve the disk drive transporter,
carrying the diskIEVE SRS Bt ERiatiPRaNTR RS drive to the transfer station; and

performing a self-test on the test slot with a self-testing system housed by the rack to verify a functionality
of the test slot; "&'Q.ere'”rﬁ%emseﬁn”éé%%‘.ﬂ%%%’%&ﬁé‘?‘e%otﬁ‘ foBoTC arm is further configured to rotate

360° about the axis.

29. A method of performing disk drive testing, the method comprising:

loading multiple disk drives into a transfer station;

actuating a robotic arm to retrieve a disk drive transporter from a test slot
housed in a rack;

actuating the robotic arm to retrieve a disk drive from the transfer station and
to carry the disk drive in the disk drive transporter, the robotic arm configured to
rotate through a predetermined arc about, and to extend radially from, an axis that is
substantially normal to a floor surface and the robotic arm;

actuating the robotic arm to deliver the disk drive transporter carrying the disk
drive to the test slot;

performing a functionality test on the disk drive housed by the disk drive
transporter and the test slot;

actuating the robotic arm to retrieve the disk drive transporter, carrying the
disk drive, from the test slot and to deliver the disk drive to the transfer station; and

performing a self-test on the test slot with a self-testing system housed by the
rack to verify a functionality of the test slot;

wherein the self-testing system comprises:
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a cluster controller configured to run one or more testing programs on the disk drive received in the test
slot; a connection interface circuit configured to communicate with the disk drive received in the test
slot; and a block interface circuit configured to communicate with the connection interface circuit, and
to control power and temperature of the test slot; wherein one or more of the connection interface
circuit and the block interfaceaGiisift apatrokigiEPBBEHIGH e duid GRS PENMArRCIREH20i B A 2 ieist one

component of the disk gl gsiesingrasieminIfeAespatiiod of performing disk drive testing, the method
comprising: loading multiple disk drives into a transfer station; actuating a robotic arm to retrieve a

disk drive transporter from a feS"ERARB ILEHaRE £ IFSME conTIgRIR Fg TR PSSt M e dliktrieve a disk
drive from the transfer ditistioeceainedtin ciaangstwodishddrive in the disk drive transporter, the robotic arm

configured to rotate through a Bf&%ﬁ?&’r?é”e& f%ﬂ?g%?ﬁép r%rdqotg%%( %Q]gcg?e[dmll[y fom, an axis that is

substantially normal to a floor surface and the 1o uating the robotic arm to deliver the disk
drive transporter carryie@eetidisioigriaecteintistterd Haontrol peweraiia i apeitiovdling tesit on the disk drive
housed by the disk driygtransporter and the test slot; and actuating the robotic arm to retrieve the

disk drive transporter, carrying the disk drive, from the test slot and to deliver the disk drive to the transfer

station;  wherein the rack WORTPIAQEE 9t TRAEE S RANBEEHR tRiEHaEe IR IERIPEY to perform the

functionality test on themistaclrviesuiberaflahst @nédurdtionest e Rintg SyuHigTOf GO RBIIsHRY: a cluster
controller configured to_run one.or, more }(eg.tjn programs on the disk drive received in the test slot; at
STt e

: . component of. em. :
least one functional inteHAce cwcw% configure C unicate with the cluster controller; and a

connection interface circuit configured to communicate with the disk drive received in the test slot and the

at least one funcijpnal jg;lpﬁgﬁgg(yfi%&m%%wdm %W&mﬁggﬁgg%;ﬁkm@faw circuit is further

configured to communicate a functional test routine to the disk drive. 31.The method claim 30, wherein
the at least one functiol?af fesinfiglR sk drives into a transfer station;

actuating a robotic arm to retrieve a disk drive transporter from a test slot
housed in a rack;
actuating the robotic arm to retrieve a disk drive from the transfer station and
to carry the disk drive in the disk drive transporter, the robotic arm configured to
rotate through a predetermined arc about, and to extend radially from, an axis that is
substantially normal to a floor surface and the robotic arm;
actuating the robotic arm to deliver the disk drive transporter carrying the disk
drive to the test slot;
performing a functionality test on the disk drive housed by the disk drive
transporter and the test slot; and
actuating the robotic arm to retrieve the disk drive transporter, carrying the
disk drive, from the test slot and to deliver the disk drive to the transfer station;
wherein the rack comprises at least one functional testing system configured to
perform the functionality test on the disk drive, the at least one functional testing
system comprising:
a cluster controller configured to run one or more testing programs on
the disk drive received in the test slot;
at least one functional interface circuit configured to communicate
with the cluster controller; and
a connection interface circuit configured to communicate with the disk

drive received in the test slot and the at least one functional interface circuit,
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further comprises an Ethernet switch configured to establish an electrical communication between the
cluster controller and the at least one functional interface circuit.

wherein the at least one functional interface circuit is further configured to

communicate a functional test routine to the disk drive.

31.  The method claim 30, wherein the at least one functional testing system
further comprises an Ethernet switch configured to establish an electrical
communication between the cluster controller and the at least one functional interface

circuit.
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