Disk Drive Transport, Clamping and Testing TECHNICAL FIELD This disclosure relates to the
transport, clamping and testing of disk drives. BACKGROUND 5Disk drive manufacturers typically test
manufacturd¥R8RIATHEY for compliance with a collection of requirements. PEIEFAIHEABind
techniques exist for testing large numbers of disk drives serially or in parallel. Manufacturers tend to
test large numbers of disk drives simultaneously or in batches. Disk drive testing systems typically
include one or more tester racks having multiple test slots that receive disk drives for testing. In some
10cases, the disk drives pygsRIgogehie CBFHBSHWHCN Iemsash fonipadipgsaandanloading the disk
drives to and from the test racks. 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 15 have
higher capacities, faster rotational speedJE(HENISIALHEEd Blearance, are more sensitive to vibration.

Excess vibration i AlfeghieRIARULY aldBahissH!siand Heiaaiiy ob plealisal 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 20errors, head slap ang g@rkEReItiva un-out (NRRO), which may result in lower

yields and increased manufacturing costs. Current disk drive testing, systems employ automation and

structufal support RS EmCRPEGIBTR B LR LSt IBRAHER LR F Al K AERies ATy P RIRAPE large

footprints. with a J61ISENM GASEGuiIRALAE. (TGO BNIAHBGesi Rl vihhatienst diskdtivgdape clamped

25to a carrier and/or tQ a tester rack in such a manner as to inhibit or dampen vibrations. SUMMARY
numbers of disk drives senally or ‘i:n paral?gi. Manufacturers teng| to tgstrllarge numbers O%J

disk drives simultaneously or in batches. Disk drive testing systems typically include one
or more tester racks having multiple test slots that receive disk drives for testing. In some
10 cases, the disk drives are placed in carriers which are used for loading and unloading the
disk drives to and from the test racks.
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
15 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 vibration, contributes to bump
20  errors, head slap and non-repetitive run-out (NRRO), which may result in lower yields
and increased manufacturing costs. Current disk drive testing systems employ
automation and structural support systems that contribute to excess vibrations in the
system and/or require large footprints.
In some cases, in order to combat undesirable vibrations, disk drives are clamped

25  to a carrier and/or to a tester rack in such a manner as to inhibit or dampen vibrations.



In one aspect, a disk drive transporter, for transporting a disk drive and for mounting a disk drive within
a test slot, includes a frame configured to receive and 5support a disk drive. The frame includes a pair
of sidewalls\WOFYUEA2RY receive a disk drive therebetween and sized to b&@GEERRYS@fE BLest slot
along with a disk drive. The frame also includes a clamping mechanism operatively associated with at
least one of the sidewalls. The clamping mechanism includes a first engagement element and a tirst
actuator operable to initiate movements of the first engagement element. The first toactuator is
operable to move the first engagement element into engagement with a test slot after a disk drive
being supported by the frame is arranged in a test position in a test slot. Embodiments can
include one or more of the following features. In some embodiments, the first actuator is operable to
move the first engagement element into 15 enyeEMARXvith a disk drive being supported by the

frame.  In certain gmbodimentsdae fiEst sRgagementAiipsaiipelurgsitirad andgcond

engagement members. In some cases, the first actuator is operable to initiate movements of the first

and secondenpkemdisk dravspeiding deihd dnndataeniameomdi surhio resdperstie to move the

first engagenmpBi20dee AbeY. intReangag anRWih A testion aftes s Hlial driverbaing aupported by the
frame is arranged in a test position in a test slot. In some cases, the first actuator is operable to move

the secondiggabrsRehy peBrrmbsiRRG erhsgesred i Edfislobroesith 2disdiaE by e frame. In
certain em ?x%ﬁi@ﬁ@&%@]ﬁ&%%%ﬂ?%&@%ﬁﬁﬁ?Mti@@i%@%@imﬁ% 1REsThiedanmgener may

include a dampening material selected from thermoplastics and/or rubberthennosets, The dampener

may includg4vlliatiy slempnsenrihanisaiasiudes s Getrngissganhelsremant& Astuator is

operable to, JAQYE: s fisi-ADdrigaRNE RRARGEMEILSMTRARAL S RbRStRMIaNY aPRASIte directions
relative to each other. In some cases, the first actuator is operable to move the first and second

engadementHPRBRrETakITSEMAIPSiHIRIEHa8ERIENt clement into engagement with a test

slot after a disk drive being supported by the frame is arranged in a test position in a test
slot.

Embodiments can include one or more of the following features. In some
embodiments, the first actuator is operable to move the first engagement element into

15  engagement with a disk drive being supported by the frame.

In certain embodiments, the first engagement element includes first and second
engagement members. In some cases, the first actuator is operable to initiate movements
of the first and second engagement members.

In some embodiments, the first actuator is operable to move the first engagement

20  member into engagement with a test slot after a disk drive being supported by the frame
is arranged in a test position in a test slot. In some cases, the first actuator is operable to
move the second engagement member into engagement with a disk drive being supported
by the frame.

In certain embodiments, the second engagement member includes a dampener.

25  The dampener may include a dampening material selected from thermoplastics and/or
rubberthermosets. The dampener may include an isolating or dampening material.

In some embodiments, the first actuator is operable to move the first and second
engagement members in substantially opposite directions relative to each other. In some
cases, the first actuator is operable to move the first and second engagement members

30  substantially simultaneously.



In certain embodiments, the first engagement element includes a protuberance configured to engage a
mating feature in a test slot. In some embodiments, the first engagement element includes a
dampener. YH2 48M38#8r may include a dampening material selected fronPthEkPH9fifdSland/or
5rubberthermosets. In certain embodiments, the first engagement element includes a spring
clamp. The spring clamp includes a base portion and first and second spring arms. The first and
second spring arms each include a proximal end connected to the base portion and a displaceable
distal end. In somkn cesaf) Hhebadinatias,shefeshbletgdnitiatel mmosenehidafdpifaeutiistaleends of the first
and second Sxﬁ“ﬁ?ﬁ* %r S. In some e{nt%odimenEsétthle tfirst actuator is pivotable relative to the frame
to initiate nTOVERien S%Fﬂ%%ﬁgtne]%n erment elément °  In certain embodiments, the first actuator
includes an elongatedindyrakteidingsirom  grexgmenend ttem distakbridssdatgnadirst akis. The first
actuator is 5otatable about ]%SHweaf(iigt a)e(ri151 {0 r|Ir116|l iargg @eqv&gaeggsm otf]1t6he I)irﬁ1 engagement member.

In some em%lggﬁﬁ%rn%ﬂrllléc irst Acthiator is ﬁneaﬁy iIsplaceable relative to fhe frame to initiate
moveraentsubbththéinsibestgagement member. In certain embodiments, a first one of the sidewalls

defines a first actyator slot, and the first actuator is at leas rtially.di sed within the first actuator
slot. In some Zchggg,ﬁsﬁ%lé ?ll?gfoéﬁcl?ﬁ%?gf %em%g\s/%%ﬁg%fntef#t en}ggétllgggg%rasﬁ%%% i(l:zlq[l%. € movements
of the first #hgagenecitmembedes a bassqroeiembodimeats] sheoothsppimgamesh@hisfrinahddes a

second engageryent lement and e I asualer iR PRSIAbIR S0 AR gNaIDg Bl the second
engagement element. i Some cases. he hrst actuator is operable to move‘the second 25engagement
element inttisphyageimdistalithda lestsict Gites, ahdisktarive ibeirggablip ponéidatbyymive dragnts i arranged in

Cilns {he, ﬁ%%to?lﬁ}e Iﬁlrsstoa@ S%%gﬁaé%%gr A tuator is operable to move the second

a test15)ositti€g
engagement element into engagement wit ‘being supported by the frame. In certain

embodiments, thdickamgingodoheantisthintadesurtoe cont elablegsiaent 80tk¢cimert fand a second
actuator oqrelz{t%)[lg ]_B%\i;ém%%%@%ﬁeer%t;%tgn%%%ﬁgg&%glg&gagement element. In some eases, the

second actuator is operaple independen e first
In certain embodiments, the first actuator includes an elongate body extending

from a proximal end to a distal end along a first axis. The first actuator is rotatable about
15  the first axis to initiate movements of the first engagement member.

In some embodiments, the first actuator is linearly displaceable relative to the
frame to initiate movements of the first engagement member.

In certain embodiments, a first one of the sidewalls defines a first actuator slot,
and the first actuator is at least partially disposed within the first actuator slot. In some

20  cases, the first actuator is moveable within the first actuator slot to initiate movements of
the first engagement member.

In some embodiments, the clamping mechanism includes a second engagement
element, and the first actuator is operable to initiate movements of the second
engagement element. In some cases, the first actuator is operable to move the second

25  engagement element into engagement with a test slot after a disk drive being supported
by the frame is arranged in a test position in the test slot. In some cases, the first actuator
is operable to move the second engagement element into engagement with a disk drive
being supported by the frame.

In certain embodiments, the clamping mechanism includes a second engagement

30 element, and a second actuator operable to initiate movements of the second engagement

element. In some cases, the second actuator is operable independently of the first
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actuator to initiate movements of the second engagement element. In certain cases, the second
actuator is operable to move the second engagement element into engagement with a test slot after a
disk drive b&Ve280HHR¥Y by the frame is arranged in a test position in a teR¢EBE2Mq%Hin8 cases, the
second actuator is operable to move the second 5engagement element into engagement with a disk
drive being supported by the frame. In some embodiments. the first actuator defines actuating features
for initiating movements of the first engagement element. In some cases, the actuating features
include wedgestant ietessesormentaiof ehelodime obgathrenfratneeinatid &s @baseplatetbonnected to

the 10sidewalls. In %?\(])rpoer cases agie S|dewallﬁ and thg base é)rxl1aetr?t te?gr%thefl]r efine a subs%antially

U-shaped Sﬁ%oﬁ]l%él oracaﬁfu?f)r% a 8i%?<‘8ﬁ¥/% off of 3nsu%n|c%ﬁ. I Another %SG,B%%%? a disk drive test

slot includesith hausin thiedefindsda testaogparnrant fgthe deivingsamthsgpportirtgsa disk drive
9?5'“%ér%ﬂeod%erﬂo%qﬁ%%@&:?a’ ides

wansporter carpying, disk v for esting. The hosing alsg, defin
access to the tes iscompartmen For InSertion and removal of disk drive transporter carrying a disk
drive for testigagchitmtestrstot akso énghgtesat fiyghendjalg dnmenb @legreppeniedritg dhiofthméiousing. The

first engagement glement s configuieci AR9ase Adliskiaiie.caind b adisk iy lignsporter when
a disk drive transporter Is inserted in the test compartment. Embodintents can mc‘u e one or more of
the followingdeateres olfitisofivet 20 gagdrochtmenssth elfisnen gasgententdletentéativades a clamping

spring. .Ir}:ﬁl%r'et%lvrel r@sb&(l)lg men eghe first engagement element includes a dampener. In some

cases, the 1(gllampener configured to engage a disk drive carried by a disk drive transporter when a
disk drive transpohereisdimsarteodimtnestébe companghetes drbesarlireccemuscthd Wahpener includes a

dampgning material thatneludes hermeRlasics a2 Ra SRR a2 WHBERATRPCt a disk
131 § mac

: 0 )
drive testing system includes automate Inery an
U-shaped opening for capturing a disk drive off of a support.

In another aspect, a disk drive test slot includes a housing that defines a test
compartment for receiving and supporting a disk drive transporter carrying a disk drive
for testing. The housing also defines an open end that provides access to the test

15 compartment for insertion and removal of disk drive transporter carrying a disk drive for
testing. The test slot also includes a first engagement element mounted to the housing.
The first engagement element is configured to engage a disk drive carried by a disk drive
transporter when a disk drive transporter is inserted in the test compartment.

Embodiments can include one or more of the following features. In some

20 embodiments, the first engagement element includes a clamping spring.

In certain embodiments, the first engagement element includes a dampener. In
some cases, the dampener is configured to engage a disk drive carried by a disk drive
transporter when a disk drive transporter is inserted in the test compartment. In certain
cases, the dampener includes a dampening material that includes thermopiastics and

25  rubberthermosets.

In a further aspect, a-disk drive testing system includes automated machinery and
a disk drive transporter. The disk drive transporter includes a frame configured to
receive and support a disk drive. The automated machinery is configured to releasably
engage the frame to control movement of the disk drive transporter. The disk drive

30  testing system also includes a loading station for storing disk drives to be tested, and a
test slot configured to receive and support a disk drive transporter carrying a disk drive.
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a disk drive transporter. The disk drive transporter includes a frame configured to receive and support
a disk drive. The automated machinery is configured to releasably engage the frame to control
movement oY theAdkBAVe transporter. The disk drive 30testing system alsBGhaAIAWS/88[d8ting station
for storing disk drives to be tested, and a test slot configured to receive and support a disk drive
transporter carrying a disk drive. The automated machinery is operable to remove disk drives from the
loading station utilizing the disk drive transporter and insert the disk drive transporter, having a disk
drive thereifih¢ntatdheateshslohifombedipeesitk cancinokdé dnérorestooen oh¢Heddihevsingdeatures. In

some Sembediments, the auiomated machinery nolides g rabot, The tootican, ndlydg, for example,
a moveable arim a manipulator connected to the'moveable arm. Th some cases, the manipulator is
configured daveltesablyiroghgethedtame to control movement of the disk drive transporter. In certain

cases, the robot is.operable to remove disk drives fro e Joading station utilizing the disk drive
transporter and in%gﬁ) ?r‘%moﬁgtfg ﬁ?il\l/énfo}lr%en%%%ﬁrerr? rg\%éﬁg }(ﬁgﬂ“&lﬂ e% theurré:isr'l,tlxrll 69[[?1% test slot. In
certairsembodiodémntsitsh ehéranmteniatid deschifece ipldtd defimbgt a hedehtatéen swhiidgded to be

releasably engageable by, e, automated machineron, 13006, emBodiments, s (e includes a
clamping méchanism. In'some cases, the clamping mechanism includes a first engagement element
and a first agtugtireibaperdiie to toitidgenmbiceraensstdy tredigstten fagerte nteiwhent.cnatrtain

examples, the, first actuator is operable to move the first ent.element i | ent with
the test slo?qz:l grgés%isﬁ%ﬁit\g% é%)ﬁt;eréu%%gﬁr%%%gﬁt@ﬁ% ?r%n%l(gg}%%%@)r%%@eﬂgg a% %eﬁls&pgo%l%%%%nt e test
slot. In cert@mctedsathegaittorantdi nrstindiskistvafignsedrior codtsarpthatdol dfittee clamping

here e e b e = disk cve for tostng of he disk
drive. In some exdmpigsintiembtalmpints rtieciamemdtdperdive plasstetining anithdenietionone of the
sidewalls. configured to be releasably engageable by the automated machinery.
In some embodiments, the frame includes a clamping mechanism. In some cases,
the clamping mechanism includes a first engagement element and a first actuator
15  operable to initiate movements of the first engagement element. In certain examples, the
first actuator is operable to move the first engagement element into engagement with the
test slot after a disk drive being supported by the frame is arranged in a test position in
the test slot. In certain cases, the automated machinery is configured to control operation
of the clamping mechanism. In some cases, the frame includes a pair of sidewalls
20  configured to receive a disk drive therebetween and sized to be inserted into a test slot
along with a disk drive for testing of the disk drive. In some examples, the clamping
mechanism is operatively associated with at least one of the sidewalls.
In yet another aspect, a disk drive transporter, for transporting a disk drive and for
mounting a disk drive within a test slot, includes a frame having a pair of sidewalls
25  configured to receive a disk drive therebetween and sized to be inserted into a test slot
along with a disk drive. The frame also includes a base plate connecting the sidewalls.
The sidewalls and the base plate together define a substantially U-shaped opening for
capturing a disk drive off of a support.
In a further aspect, a method of testing a disk drive includes actuating automated
30  machinery to engage a disk drive transporter; capturing a disk drive with the disk drive

transporter; and then actuating the automated machinery to insert the disk drive
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In yet another aspect, a disk drive transporter, for transporting a disk drive and for mounting a disk
drive within a test slot, includes a frame having a pair of sidewalls 25 configured to receive a disk
drive thereb®ne¥/87938%ized to be inserted into a test slot along with a disREFHS2G4§0%pdBAe also
includes a base plate connecting the sidewalls. The sidewalls and the base plate together define a
substantially U-shaped opening for capturing a disk drive off of a support. In a further aspect, a
method of testing a disk drive includes actuating automated 30machinery to engage a disk drive
transportertraagptontieropaddisk cipver edith th raiskidnivet ¢saslspo e ptanugt Hendadt datireg itbledastomated

machinery to inser%%hg. q(iscr.gri e tra(g%&olrr'{%rea}l %@%&ﬂ%%?ﬁlgi&%@ﬁ}{% 19,3 igst slot. Capturing the
Vi > disk %r [ r‘%he%is?k

lachinery ¢ ¥ jot. L@
disk drive includés moving the di rive transpaottér iInto engagement with drive using the

automatedawtachitvdryndEmbagiments can include one or more of the following features. In certain

cembodiments, agiRlamILS AP MesELBACBNADHINT AR ARG AREOiE Adn some
embodiments, the disk drive transporter inc uges a clamping mechanism operable to clamp the disk
drive tfEanspotedim ¢his, tegustotg anelakfemaéeH ovaisichedp srabidesingfuhiengut onbatedamachinery to

operate the clamajpg asel A0 61E O, € N KA NB ST SIAREIAR R 1t afer he

disk drive transporter and e are Inserted into the test sl In certain
embodimenps daptioricigniipe letisksirilrey inshndpsristisatheg abies ntitendaiedmstissineslrdsmove the disk

drive ranspotiek 06,2 RASIHALRAEHMG B plekiveuand Apalp IDaRHRmaIed machinery (o

raise the dis transporter Into a position engaging the disk'drive. 15In another aspect, a method

of testing aclisiphg\bdrndilidireadtartigtetiothatest slachive thadisldrive tiarspeiver tahshorter
carryin)g_a géi)%c?%a’ﬁiL’%}B&E%Eﬁ@eﬁ&f’j%t%i{@ttﬁ‘ét@“tomated machinery to operate a clamping
nd there

mechanism y clamping the disk drive transporter to the test slot after the disk drive
transporter and thia eeseinsmbiskinave. e insaadr idiek weve hdseootitogifratonmdhclude one

or more of %%ﬁ%@W%%@%L{ﬁ%Sdlgﬁ WP transporter into a position underlying the disk drive;
and actuating the automated machinery to raise the disk drive transporter into a position
engaging the disk drive.

15 In another aspect, a method of testing a disk drive includes actuating automated
machinery to insert a disk drive transporter carrying a disk drive into a test slot, and
actuating the automated machinery to operate a clamping mechanism and thereby
clamping the disk drive transporter to the test slot after the disk drive transporter and the
captured disk drive are inserted into the test slot.

20 Embodiments can include one or more of the following features. In some
embodiments, actuating automated machinery includes actuating a robotic arm.

In certain embodiments, the method may include actuating the automated
machinery to engage the clamping assembly and thereby clamping the disk drive
transporter to the captured disk drive.

25 In a further aspect, a test slot assembly includes a test slot and a disk drive
transporter. The test slot includes a housing that defines a test compartment, and an open
end, which provides access to the test compartment. The disk drive transporter includes a
frame configured to receive and support a disk drive. The frame includes a pair of
sidewalls configured to receive a disk drive therebetween and sized to be inserted into the

30  test compartment along with a disk drive. The frame also includes a clamping

mechanism operatively associated with at least one of the sidewalls. The clamping
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embodiments, actuating automated machinery includes actuating a robotic arm. In certain
embodiments, the method may include actuating the automated machinery to engage the clamping
assembly aNOR¥BIPMmping the disk drive transporter to the captured dRKIWRA098$a18 further
aspect, a test slot assembly includes a test slot and a disk drive transporter. The test slot includes a
housing that defines a test compartment, and an open end, which provides access to the test
compartment. The disk drive transporter includes a frame configured to receive and support a disk
drive. The fraherineicieracpaifiedtsifgyalisapdtiginacind refisivacasiskgdvebthévebitwveen and sized

to be inserted into the 30test compartment ajong with.a disk drive. The frame also includes a clamping
mechanis@Bﬁ%‘ﬁﬁ%&é@%é&?&Fé’&%ﬁW%ﬁggg e I?)}fl?r%ergs%iacé{\}’v% S efr:nglrrelé?nréwv Lé)ge
2009/079200 61bA $5R0RBHEH64 inmeataigianein shittiah ahinsti enafigembisk dieymdetrand a first
actuator operable to. initjate movements of the first engagement element. The first actuator is operable
to move th%“ﬁPﬁ’&ﬁﬁPgtéygﬂ‘r%gﬁ%é%?&?ﬁ%‘% lélnag[afggt O(Se% Oglvi{ﬁ eetﬁ%d’é’?ﬁ& ae{&g?na{'disk drive being
suppogted by the fiam&lismarntarge dnichaltasteqpasition vt the fedo somggastorent. IBEonbodiments can

include one oy more of tﬂlef llowing features. In some embediments, the first e ment element
includes fir%?lgé%‘@g%sn Sr%%g%nr%%% S hars "ang 1 Agc]?i?gtsg%rt@aﬁ%cro%do%% %‘%initiate
movementmefhithediesidathe fetcrd:etogagepesii crienmiiers: imosementxaitiptds;stiradisstorduator is

operable to move the first engagement member into agement. wi t r-a.disk drive
being suppe(?ﬁgﬁe %f/%eeﬁﬁg%e?% Saorrr%en%xeaén %is’t%s %}o%ié%%ﬁalr? g[ﬁ%/avé %}tg(%érﬁgéﬁrt%%%%g%gthe first
actuator is @papeblerionmmiethesecgigteegagantet tase shizerfiota dinfalierndningisppeitkl drive being

sposted b e S A5 I R st e e adappgne
members inpeukisitantiaky o frosite direntigrsaintieentrenth otegehst wiilne dixkidpkes, the first
actuator is,operabie 1 MpedSlist 294 256008, 0 9R0SEN DgMAsIE-Rhsiliaiv siqudtaneously.
dampener. In some implementations, the first actuator is operable to move the first and
second engagement members in substantially opposite directions relative to each other.
15 In some examples, the first actuator is operable to move the first and second engagement
members substantially simultaneously.
In certain embodiments, the housing includes a pair of upstanding walls
configured to receive the sidewalls of the frame therebetween. In some cases, a first one
of the upstanding walls includes an engagement feature, and the first engagement element
20  includes a protuberance configured to engage the engagement feature. In some examples,
the first actuator is operable to move the protuberance into engagement with the
engagement feature after the sidewalls are inserted into the test compartment.
In still another aspect, a test slot assembly includes a disk drive transporter and a
housing. The disk drive transporter includes a frame configured to receive and support a
25  disk drive. The frame includes a pair of sidewalls configured to receive a disk drive
therebetween. A first one of the sidewalls defines a pass-through aperture. The housing
defines a test compartment for receiving and supporting the disk drive transporter, and an
open end providing access to the test compartment for insertion and removal of the disk
drive transporter. The test slot assembly also includes a first engagement element

30  mounted to the housing. The first engagement element is configured to extend through



In certain embodiments, the housing includes a pair of upstanding walls configured to receive the
sidewalls of the frame therebetween. In some cases, a first one of the upstanding walls includes an
engagemenM@af9pd) 78 the first engagement element 20includes a protuB&r&AS2W8fgiHked to
engage the engagement feature. In some examples, the first actuator is operable to move the
protuberance into engagement with the engagement feature after the sidewalls are inserted into the
test compartment. In still another aspect, a test slot assembly includes a disk drive transporter and
a housing. fhheaiskhdoivehtappgporterdnglgd esiaframe cenfiglbedhto dskelvie @adnspprort a 25disk

drive. The frame,.includes a pair of sidewalls configure recejv isk drive therebetween. A first
one of the &i f(:er\l/vtzgfl S agg‘n‘ﬁ"é‘é%%é‘&s qfﬁ%ﬁdﬂ gpeé(gtﬁlrug}%%gt ﬁggtjgg?%%%?hes a test compar[went for
receiving and supbmtfr_lghheadislctddekalm@pdqﬁmgﬂyﬁmdpdm@sdlmwdhdgm@é@chﬁnde test
compartment for inserign and remaoy Ofﬁg%ﬂlghl% &#%R‘&RQJ ¥ﬁ}§1\1§{%§ £%§£&'9E&§ﬁ§£?€&%&"so_
includes a first engagement element 30mounted to the housing. The first engagemernt element is
configared e xtem thrppeyh atiislpdusethidwgh shpbrtertranspodeand e diskideve damigiddy the disk
drive transporter when [ jve.t IS Inse ' urther
e & e G R o e e
disk drive tratvsportereibladesnatfrtaneovomftgisretiths Sretengegankstiplsorent. diSkedrienTied disk drive

ransporter SR INEL S AIATPG MERNADIRT HNe HoTRg MAbANAmncludes a frs

engagement element, and & first actuator o e to initiate movements of the first engagement
element, The autdimbedmeathmenngudsriipurethesecoito foberdtiedesturns.clarppigy mechanism.

Embogdimepts can ingdg.ong st marg ehthe fllowing eatres. i semeie shedimenty, the
| A

automated macalnery IS configured to releasably engage the frame to Con ovement of the disk
drive transpounteel movement of the disk drive transporter

In certain embodiments, the automated machinery includes a robot. The robot
may include a moveable arm and a manipulator connected to the moveable arm. In some
cases, for example, the manipulator is configured to releasably engage the frame to

15  control movement of the disk drive transporter. In some examples, the manipulator is
operable to control operation of the clamping mechanism.

In some embodiments, the frame includes a face plate defining an indentation
configured to be releasably engageable by the automated machinery.

In another aspect, a method of transporting disk drives for testing includes

20  actuating automated machinery and thereby moving a disk drive transporter carrying a
first disk drive between a first test slot and a loading station; and actuating the automated
machinery to operate a clamping mechanism such that the disk drive transporter is
clamped to the first disk drive during movement between the first test slot and the loading
station.

25 Embodiments can include one or more of the following features. In some
embodiments. In certain embodiments, moving the disk drive transporter between the
first test slot and the loading station includes moving the disk drive transporter carrying
the first disk drive from the loading station to the first test slot.

In some embodiments, moving the disk drive transporter between the first test slot

30  and the loading station includes moving the disk drive transporter carrying the first disk
drive from the first test slot to the loading station.
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In certain embodiments, the automated machinery includes a robot. The robot may include a
moveable arm and a manipulator connected to the moveable arm. In some cases, for example, the
manipulatorOMIGIIEY to releasably engage the frame to 15control mov@AEMS3IHESEISK drive
transporter. In some examples, the manipulator is operable to control operation of the clamping
mechanism. In some embodiments, the frame includes a face plate defining an indentation
configured to be releasably engageable by the automated machinery. In another aspect, a method of
transporting disk drives for testing includes 20actuating automated machinery and thereby moving a

disk drive transpoyter carrying a first disk drive between a first test.slot and a loading. station; and
actuating the aut%f&g?gélr%%%%%%%e gséﬁgtr%\ tgng%&fgr%%ﬁ%raarﬁécrﬁg%}llgrlﬁrgggf??ﬁé%%w%gedisk drive
transporterciarofampeddothenfiistdidés diarepiug ttp disk ementrbespatar théhirrsediskldriand the

oading stagial: GaRIIROIMERtE AR Neligs. e i Marel s leuing et Ea R some
embodiments. In certairrembodiments, moving the disk drive transporter between the first test slot and
the loadingsstation includes moving the disk drive transporter carrying the first disk drive from the

loading station to the first test slot. [ ents ' i ive transporter
between the first gsstoé?gt%%é%%cﬂkg tlgdélalt%%%g&%qi{r&gﬁ@;s mg%r%\éﬁ%%ll%gﬁg{%ransporter carrying
the first diskanpegrowctheifinstitebidsivtlanthiniohdidigisthiiontrarspertertodhsbiogindehtdriactuating the

automated MRCNINEAQ LRSS 4Be;c I MECRANEH IRGHARS clameif e isidfive transporter

to the first disk drive prior to moving t ive transporter between the first test slot'and the
loading  station.

10 In certain embodiments, the method includes actuating the automated machinery
to operate the clamping mechanism and thereby unclamping the disk drive transporter
from the first disk drive, and then actuating the automated machinery to insert the disk
drive transporter and the first disk drive into the first test slot. The method may also
include actuating the automated machinery to operate the clamping mechanism and

15  thereby clamping the disk drive transporter to the first test slot after the disk drive
transporter and the first disk drive are inserted into the first test slot.

In some embodiments, the method includes actuating the automated machinery to
operate the clamping mechanism and thereby unclamping the disk drive transporter from
the first test slot; and then actuating the automated machinery to remove the disk drive

20  transporter from the first test slot. In some cases, the method may also include actuating
the automated machinery to operate the clamping mechanism and thereby unclamping the
disk drive transporter from the first disk drive prior to removing the disk drive transporter
from the first test slot.

In certain embodiments, the method includes actuating the automated machinery

25  to operate the clamping mechanism and thereby unclamping the disk drive transporter
from a second test slot; and then actuating the automated machinery and thereby
removing the disk drive transporter from the second test slot. In some cases, the method
also includes capturing the first disk drive from the loading station with the disk drive
transporter after removing the disk drive transporter from the second test slot. Capturing

30 the first disk drive includes moving the disk drive transporter into engagement with the

first disk drive using the automated machinery. In some examples, the method also
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Sstation. In some embodiments, actuating the automated machinery to operate the clamping
mechanism includes clamping the disk drive transporter to the first disk drive as the disk drive
transporter WOEMHY/ MR between the first test slot and the loading statio® CIR2088(8%A181
embodiments, the method includes actuating the automated machinery to operate the clamping
mechanism and thereby unclamping the disk drive transporter from the first disk drive, and then
actuating the automated machinery to insert the disk drive transporter and the first disk drive into the
first test slohchiesnethathmty algorrtiddeambivating threattdheatkdimiaghimehatosoperdte the
clamping mechanism.and .15ta]er by glamping the,disk drive tran er to the, fi st slot after the
disk drive rgg%réfg%r%%‘ﬁ%“ﬁ‘&’ the .F@éﬁﬁ%‘?ﬁ&é‘“ﬁ%’ ?rrltgé%(g n%tsoe%ﬁre@i%z%ﬁteéslﬁtvs 'ot?j( Eﬁ%ﬁ?n o%ge)
embodimendisk thevenetnspoinetifdes tetuatingl tieet aldbmatpdssachinenygtthegeriatdrittee clamping
mechanism _and thereby unclamping the,di rive tr rg fi o) g then
actuating tﬁremggﬁnrfﬁﬁ%ﬁr e |ﬁes’re3%%ttélar(cel?rs‘ligéel%i \t/ﬁe?r éf?gﬁcﬁ%e&%% ?%rggggr@éfiﬁ%nﬁgi,ﬁ? t test slot. In
some 6asedsthechethachmiygailso intiodécd cagting thendutumehtethovadh thedish dpesate the clamping

mechanisi, g | SAYEARISPRISLIN dhe St anyearor o

nismg0d (hefehy ynolommng e i _ .
removing the a3 gﬁ\?etan%porteér]%romt e Tirst test slot. In certain embodiments, the method includes

actuating t@s@@nomdtedxm@@gﬂne@uzﬁn@t@mehe/mmpmg: ﬂvgc*haniﬁngmhaei@bwmlamping
the disk driye, iansparier MR seand dnshslatiand edasiaia aatiemalen aipchinery and
g the dis I e secon

thereby removin k drive transporter ffom t ' test slot. In some cases, the method also
includes cdptuviveg the Secsindiskstistot dndrthehloddagistpiseatidn sathetheseliskhdmvethedrisgbides after

remoying U6 i SN ANSRBH B RALIDS FRSRACES A% CABIEIGEPIAR [HStElsk g inludes

moving the di e transporter into engagement with the first disk drive using the automated
machinery dnivsante estisipies; theeptedtec Bledoadisiggeadiastuating the automated machinery to

operate the clamaig,mechanamand, et snyRHRMBRG IR ARk NG RARAGHRHHRR A second

disk drive. Removing the disk drive transporter from the second test slot comprises removing the disk

drive transpoegrtbadiingrite sermedtendktd ive fironteth ek cod dhesaeleating shmarrsaatdy Salso
include actygiing the guiomated mashing R here ydieuing, Le Hit driveiiigngprter carrying the

second disk drive between the secondg[}est slot and the loading station, and actuatin? the automated
machifery tensperticterbafanisasystabafianiBatlitkcdrive transporter is inserted into the first test

slot.
In a further aspect, a method of transporting disk drives for testing includes
actuating automated machinery and thereby moving a disk drive transporter carrying a
first disk drive between a first test slot and a second test slot; and actuating the automated
20  machinery to operate a clamping mechanism such that the disk drive transporter is
clamped to the first disk drive during movement between the first test slot and the second
test slot.
Embodiments can include one or more of the following features. In some
embodiments. In certain embodiments, actuating the automated machinery to operate the
25  clamping mechanism includes clamping the disk drive transporter to the first disk drive
prior to moving the disk drive transporter between the first test slot and the second test
slot.
In some embodiments, actuating the automated machinery to operate the
clamping mechanism includes clamping the disk drive transporter to the first disk drive
30  as the disk drive transporter is being moved between the first test slot and the second test
slot.

10



that the disk drive transporter is clamped to the second disk drive during movements between the
second test slot and the loading station. In some cases, the method includes 10actuating the
automated NYACHIRERRIOnsert the disk drive transporter and the second difiCdNR28OE tHikk drive
receptacle at the loading station. In some embodiments, the method includes actuating the
automated machinery to insert the disk drive transporter into the first test slot; and then actuating the
automated machinery to operate the clamping mechanism and thereby clamping the disk drive
15transporter to the first test slot after the disk drive transporter is inserted into the first test slot. In

a further aspect, a method of fransporting disk dyi testing. incl ' ted
machinery and thqer}eqt()zyl/p %“o%ﬁ%%"§ |gﬁ%rll%8vtlrn ihgﬁ%?ég?r%}ﬁ%gg %#é%ﬁ%%%ﬁgﬁge%v%%%% first test
slot and a sktand thstsstondiredt abitiatihgdiseraviom tite dish drachirespectopemieng tharfiping

mechanisi el 03 e sl drive (ARSBOIRL 3, ampsa e st disk.drive duingmgyement
between the first test slot and the second test slot. Embodiments can include one or more of the
following fedtaries|udes anteatinmbticimeotsatid cesthin@misoctinretstshadwatimg thecharosmated machinery

to operate Hhe g5 ClAMANG MECIANHDOAMISS famBingHD e diskdius, UanRAI R g first disk
e dis I

drive prior to moving t rive transporter between the first test slot and the second test slot. In

some embtdimgntsatedtoaghinene tantonoatedieaghiery wompertaefthe dmipiéeseshadiBem includes
e 58 A e 5 RS A AR e moves
mechanism and thereby unclamping the disk drive transporter from the first disk drive
10 prior to removing the disk drive transporter from the first test slot.
In some embodiments, the method includes actuating the automated machinery to
operate the clamping mechanism and thereby unclamping the disk drive transporter from
the first disk drive, and then actuating the automated machinery to insert the disk drive
transporter and the first disk drive into the second test slot. In some examples, the
15  method also includes actuating the automated machinery to operate the clamping
mechanism and thereby clamping the disk drive transporter to the second test slot after
the disk drive transporter and the first disk drive are inserted into the second test slot.
The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and

20  advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 is a perspective view of a disk drive testing system.
FIG. 2A is perspective view of a test rack.
25 FIG. 2B is a detailed perspective view of a slot bank from the test rack of FIG. 2A.
FIG. 3 is a perspective view of a test slot assembly.
FIGS. 4A and 4B are schematic views of self-test and functional test circuitry.
FIG. 5 is a perspective view of a load station.
FIG. 6 is a perspective view of a tote and disk drive.

30 FIG. 7 is a schematic view of a disk drive testing system.
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In certain embodiments, moving the disk drive transporter between the first test slot and the second
test slot includes moving the disk drive transporter carrying the first disk drive from the first test slot
towards theV¥8cHHe¢e8Iot. In some cases, the method 5also includes actReliiFips/Attbhhated
machinery to operate the clamping mechanism and thereby unclamping the disk drive transporter from
the first test slot; and then actuating the automated machinery to remove the disk drive transporter
from the first test slot. The method may also include actuating the automated machinery to operate the

clamping mechanigm 8n¢l dhesgihydéo glaripiag. the diskfdriviekinaponiespirae. the first disk drive 10prior
to removing the dis fﬁ}dgve trans orter from the fnist test slot. In some embodiments, the method
includes actuating the AlitA & ﬁﬁﬁ%ﬁiﬁgry 8 BPRIAREIE q%?nprng mechanism and thereby
unclamping the diska¥ive ranspomeirtporsihee divetvdisks dif\wespaing; tiemmactuating the automated
machinery to inse %‘téhﬁ disk drive transporter ?nd the fi rst disk drive into the second test slot. In some
examples, the 15 Saa}&ﬂ?%(fuﬂ‘é%‘%mg g ?ﬁe aﬁfomated machinery to operate the clamping
mechanism and tmmmzmmmngmams@ammméa thsthdrbeconckspestes|Ghafter the disk drive

transporter and tl'hegi{r tqr{ k drive a |ns rted |nt econd test slot. The details of one or more
embodiments of t ésvé ?foggglg’l ﬁ.‘e § Sgnéc nﬁp;éﬁylfndél Ei/ra?m Sé’s and the description below.
Other features, olljeGtsddnd ﬁﬁaﬁa«amagMﬁlaehsivénUemrmtlpbetapparent from the description and

drawings, and fro e%&lgl ékajji\a se%Fonege aE'%'é'wOaF D AWEN%% %98 %h J tlve vrew of a disk

drive testing syst IS perspective view of a test rac r8 perspectlve view
of a slot basikeiigagdbedesioiack of FIG. 2A. FIG. 3 |s_a perspective view of a test slot assembly FIGS.
4A an 48 are schemat viows of eIt eSt A7 ISHRUBH RS L ARG g @ perspective view of
FIG. 16A is a sectioned plan view of a disk drive transporter with spring clamps in
a disengaged position.
FIG. 16B is a detailed view of one of the spring clamps of FIG. 16A.
FIGS. 17A and 17B are perspective and plan views of a disk drive transporter
15 supporting a disk drive.
FIG. 18 is a plan view of a disk drive transported clamped to a disk drive.
FIG. 19A is a perspective view of a test slot.
FIG. 19B is a perspective view of a test compartment from the test slot of FIG.
19A.
20 FIG. 20A is a plan view showing a disk drive transporter, supporting a disk drive,
inserted in a test slot.
FIG. 20B is a detailed view of a spring clamp from FIG. 20A.
FIG. 21 is a schematic illustration of a disk drive transporter capturing a disk drive
from a tote.
25 FIG. 22 is a perspective view of a test slot assembly.
FIG. 23A is a perspective view of a test slot.
FIG. 23B is a perspective view of a test compartment from the test slot of FIG.
23A.
FIG. 24 is a perspective view of a clamping spring.

30 FIGS. 25A and 25B are perspective views of a disk drive transporter.

12



FIG 6 is a perspective view of a tote and disk drive. 30FIG. 7 is a schematic view of a disk drive testing
system. WO 2009/079290PCT/US2008/086181 FIG. 8 is an exploded perspective view of a disk drive
transporter. W200%474098rspective view of a clamping mechanism. FIGS. IRFATAR3008R3a L
perspective views of a spring clamp. FIG. 11 is a perspective view of an actuator. 5FIGS. 12A and 12B
are perspective views of a disk drive transporter frame. FIGS. 13A-13D illustrate the assembly of a
disk drive transporter. FIG. 14 is a perspective view of a disk drive transporter. FIG 15A is a sectioned
plan view a disk dFike D spanberspethi sprigvold thpsiiskairiengagepsb pesibioRl GOFIG AL bR i3 d3detailed
view of onesé)f tgx%rsl gn ﬁlgrrpvpes of FIG 15A FIG. 16A is a sectioned plan view of a disk drive
transporter With spring clsamps in a disengaged position. FIG. 16B is a detailed view of one of the
spring clamps of FIGL626AAGScirand LitB ahe pergpabtvdavetplaspuitw sneédedisk aibse
transporter iLEEsupporting a disk drive.
slot.
5 FIG. 26B is plan view showing a disk drive transporter, supporting a disk drive,
inserted in a test slot.
FIGS. 27A and 27B are perspective views of a disk drive transporter.
FIG. 28 is a perspective view of a spring clamp.
FIG. 29 is a perspective view of a clamping assembly.
10 FIG. 30A illustrates the clamping assembly of FIG. 29 in an engaged position.
FIG. 30B illustrates a clamping assembly of FIG. 29 in a disengaged position.
FIG. 31 is a perspective view of the disk drive transporter of FIGS. 27A and 27B
supporting a disk drive.
FIG. 32 is plan view showing a disk drive transporter, supporting a disk drive,
15 inserted in a test slot.
FIGS. 33A and 33B are perspective views of a disk drive transporter.
FIG. 34 is a perspective view of a spring clamp.
FIG 35 is a perspective view of a clamping assembly.
FIG. 36A is a side view of a disk drive transporter showing an actuator in an
20  engaged position.
FIG. 36B illustrates the clamping assembly of FIG. 35 in an engaged position.
FIG. 37A is a side view of a disk drive transporter showing an actuator in a
disengaged position.
FIG. 37B illustrates the clamping assembly of FIG. 35 in a disengaged position.
25 FIG 38 is a perspective view of the disk drive transporter of FIGS. 33A and 33B
supporting a disk drive.

Like reference symbols in the various drawings indicate like elements.
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FIG 18 is a plan view of a disk drive transported clamped to a disk drive. FIG. 19A is a perspective
view of a test slot. FIG. 19B is a perspective view of a test compartment from the test slot of FIG. 19A
20FIG 20A W HIeHRH showing a disk drive transporter, supporting a disREFVE20A&B#d8lin a test
slot. FIG. 20B is a detailed view of a spring clamp from FIG. 20A. FIG. 21 is a schematic illustration
of a disk drive transporter capturing a disk drive from a tote. 25FIG. 22 is a perspective view of a test
slot assembly. FIG. 23A is a perspective view of a test slot. FIG. 23B is a perspective view of a test
compartment from the test slot of FIG. 23A. FIG 24 is a perspective view of a clamping spring.
30FIGS. 25A and 253 are perspective views of a disk drive transporter. FIG 25C is a perspective
view of the disk drive transporter of FIGS. 25A and 25B sugrg‘(irting a disk drive. FIGS. 26A is a

perspective view showing a disk driveRiahaBbHe} INES et QA5

System Overview

As shown in FIG. 1, a disk drive testing system 10 includes a plurality of test
5 racks 100 (e.g., 10 test racks shown), a loading station 200, and a robot 300. As shown in
FIGS. 2A and 2B, each test rack 100 includes a plurality of slot banks 110, and each slot
bank 110 holds a plurality of test slot assemblies 120. As shown in FIG. 3, each test slot
assembly 120 includes a disk drive transporter 400 and a test slot 500. The disk drive
transporter 400 is used for capturing disk drives 600 (FIG. 6) (e.g., from the loading
10 station) and for transporting the disk drive 600 to one of the test slots 500 for testing.
Referring to FIG. 4A, in some implementations, the disk drive testing system 10
also includes at least one computer 130 in communication with the test slots 500. The
computer 130 may be configured to provide inventory control of the disk drives 600
and/or an automation interface to control the disk drive testing system 10. A temperature
15 control system 140 controls the temperature of each test slot 500. The temperature
control system 140 can include an air mover (e.g., a fan 142) operable to circulate air
through the test slot 500. A vibration control system 150 controls the vibration of each
test slot 500. A data interface 160 is in communication with each test slot 500. The data
interface 160 is configured to communicate with a disk dive 600 within the test slot 500.
20 As shown in FIG. 4B, a power system 170 supplies power to the disk drive testing
system 10. The power system 170 may monitor and/or regulate power to the disk drive
600 in the test slot 500. In the example illustrated in FIG. 4B, each rack 100 includes at
least one self-testing system 180 in communication with at least one test slot 500. The
self-testing system 180 includes a cluster controller 181, a connection interface circuit
25 182 in electrical communication with a disk drive 600 within the test slot 500, and a
block interface circuit 183 in electrical communication with the connection interface
circuit 182. The cluster controller 181, in some examples, is configured to run one or
more testing programs with a capacity of approximately 120 self-tests and/or 60
functionality test of disk drives 600. The connection interface circuit 182 and the block

30  interface circuit 183 are configured to self-test. However, the self-testing system 180 may
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slot. 5FIG 26B is plan view showing a disk drive transporter, supporting a disk drive, inserted in a test
slot. FIGS. 27A and 27B are perspective views of a disk drive transporter. FIG. 28 is a perspective
view of a spWie28Pa921G 29 is a perspective view of a clamping assembKCTASPEZ0R¢ hlstrates the
clamping assembly of FIG. 29 in an engaged position. FIG. 30B illustrates a clamping assembly of
FIG. 29 in a disengaged position. FIG. 31 is a perspective view of the disk drive transporter of FIGS.
27A and 27B supporting a disk drive. FIG. 32 is plan view showing a disk drive transporter,
supportingiadiisk drivH;ttSicserted $4 aceSysied. tPIG 888 Andrh 388 arselftcspegtiveviews of a disk

clamping aasaat o S Ll S e e it n an
20engagedpgsitiomunidge 868 ihastHtesthralddingaktemiol( o F(Egdit iltherestyaged position.
Fic. 378 I BB g B e e
perspectivenefacofcinendiskHaive disindpuetéPo i RIGSySSA ana d8Bnsup portingréardisknditisze.
(UART) serial links. A UART is usually an individual (or part of an) integrated circuit
used for serial communications over a computer or peripheral device serial port. The
block interface circuit 183 is configured to control power and temperature of the test slot
500, and may control up to six test slots 500 and/or disk drives 600.
10 Each rack 100, in some examples, includes at least one functional testing system
190 in communication with at least one test slot 500. The functional testing system 190
includes a cluster controller 181 and at least one functional interface circuit 191 in
electrical communication with the cluster controller (e.g., cluster PC 181). A connection
interface circuit 182 is in electrical communication with a disk drive 600 within the test
15  slot 500 and the functional interface circuit 182. The functional interface circuit 182 is
configured to communicate a functional test routine to the disk drive 600. The functional
testing system 190 may include a communication switch 192 (e.g. Gigabit Ethernet) to
provide electrical communication between the cluster controller 181 and the one or more
functional interface circuits 182. The computer 130, communication switch 192, cluster
20  controller 181, and functional interface circuit 191 may communicate on an Ethernet
network. However, other forms of communication may be used. The functional interface
circuit 191 may communicate to the connection interface circuit 182 via Parallel AT
Attachment (a hard disk interface also known as IDE, ATA, ATAPI, UDMA and PATA),
SATA, or SAS (Serial Attached SCSI).
25 As shown in FIG. 5, the load station 200 includes a load station body 210 that
defines first and second sets of tote receptacles 212a, 212b disposed on opposite sides of
the load station body 210. The load station 200 also includes a load station base 214 and
a spindle 216 that extends substantially normal to and upwardly from the load station
base 214. First, second, and third body portions 218a, 218b, 218c are rotatably secured to
30  the spindle 216. Each of the first, second, and third body portions 218a, 218b, 218c is

independently rotatable relative to the others.
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Like reference symbols in the various drawings indicate like elements. DETAILED DESCRIPTION
System Overview As shown in FIG. 1, a disk drive testing system 10 includes a plurality of test 5racks
100 (e.g., 10v@3P0&BRE8hown), a loading station 200, and a robot 300. As S&APIABMBESPA and 2B,
each test rack 100 includes a plurality of slot banks 110, and each slot bank 110 holds a plurality of
test slot assemblies 120. As shown in FIG. 3, each test slot assembly 120 includes a disk drive
transporter 400 and a test slot 500. The disk drive transporter 400 is used for capturing disk drives 600
(FIG. 6) (e.qg., frortlihédabslixigpi QSatitne)inclddey totasshiringtiberdisto ddvensOtbdyonewt¢te test slots
500 for testing.. eferrin I , - some.i 0pS,t ' [ [ stem 10
also includgégé{qé}éé;ogﬁéegg‘?ﬁ%g (Seciz fg% @%mﬁ%ﬁ%ﬁ%& ’eﬁ}gg?%ﬁj%k%%%}ﬁ%eggg%puter 130
may be coibfigyr22P te pinvidé mey ertbmpleontialisk thevdiskeerives Ut dad/oB@shantomation interface to

control the iz d”‘é§ Eﬁ%g&?ﬁé’éstee Tl é’ﬁ(%rf'%%.r Jurs SPeRnHok %{1@ g%nc]ea‘ﬂlsija&%@tﬁ%l? the temperature

of each test Slotb00. The temperature control system 140 can inc r mover (e.g., a fan 142)
operafsle tdrsiledtate disktbrowgphert@itston5gored tatsutiont coremblaspsrsion k80 cestirold the vibration

o e S SO ODAEANEIRRABIS ROl PR ER AR e dee

interface 160 Is configured to communicate with a
FIG. 4B, a Bofesingystem 7BlSuPpliestpewebicthddiskdhd/dresgintheyumioteocqintaglewer system

170 may mopjtor. andior reghlaie RAWELIR 106 Hisk duke, 80912 the.trstislos RO IndResexample

illustrated in FIG. 4B, each rack 100 includes at least one self-testing system 180 in communication
with at leaseorrdtesdgiordbod T nertelistdsting &ysteniiaidg cthesebatcliSter controller 181, a

connegtion interfage gireuit 25487 in electicaheammuRISation withadistodiive: 600mithin the test slot

500, and a block interface circuit 183 in electrical communication with the connection interface circuit

182. The chidtelispmaedlien dstaliansophehexahopie sris Thfigheadtetivufrontl Bdgfores e diflg programs
with a capagly gl Apmipsimaleiota selkiasts andier §9dungteBAliRSbobHiRkAvER §00- The

connection interface circuit 182 and the block
predetermined arc about and extends substantially radially from the first axis 314. The

robotic arm 310 is configured to independently service each test slot 500 by transferring

15  disk drives 600 between the load station 200 and one of the test racks 100. In particular,
the robotic arm 310 is configured to remove a disk drive transporter 400 from one of the
test slots 500 with the manipulator 312, then pick up a disk drive 600 from one the disk
drive receptacles 224 at the load station 200 with the disk drive transporter 400, and then
return the disk drive transporter 400, with a disk drive 600 therein, to the test slot 500 for

20  testing of the disk drive 600. After testing, the robotic arm 310 retrieves the disk drive
transporter 400, along with the supported disk drive 600, from the test slot 500 and
returns it to one of the disk drive receptacles 224 at the load station 200.

Disk Drive Transporter

25 As shown in FIG. 8, the disk drive transporter 400 includes a frame 410 and a
clamping mechanism 450. As shown in FIG. 9, the clamping mechanism includes a pair
of clamping assemblies 452 each including an actuator 454 and a pair of spring clamps
(i.e., proximal and distal spring clamps 456a, 456b). As shown in FIGS. 10A and 10B,
the spring clamps 456a, 456b include a base portion 458 and first and second spring arms

30  460a, 460b each having a proximal end 462 connected to the base portion 458 and a
displaceable distal end 464. The spring clamps 456a, 456b can be formed from sheet
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30interface circuit 183 are configured to self-test. However, the self-testing system 180 may include a
self-test circuit 184 configured to execute and control a self-testing routine on one or more
component\§? 2989@IERYYive testing system 10. The cluster controller 181 May/E&Hds@8edste with the
self-test circuit 184 via Ethernet (e.g. Gigabit Ethernet), which may communicate with the block
interface circuit 183 and onto the connection 5interface circuit 182 and disk drive 600 via universal
asynchronous receiver/transmitter (UART) serial links. A UART is usually an individual (or part of an)

integrated gieguli! $sedforisssiakennBawYeatigns pyeimatanipdittslangeriphesal deyigaisgrial port. The
block interface circuit 183 is configured to contral power and tem ture of the test slot 500, and may
control up {584 SI6HD %%%Wﬂ%’lf%ﬂ%s‘l d Hrﬁégé?\gf%‘flgé%ﬁ?%a&?ﬂﬁé’ %éagﬁspf'g@ includes at
least one fungipaaldesting sisiemmnl BIGNICAMMe ficatprnyitimuls@sineneltest tet 500. The functional
testing system 190 includes a c¢lyster controller 181 least one fungctjonal interface circuit 191 in
electrical CWH?SHEHWR}?’I‘?{%?&%%% ﬁ??gﬁg?r(gzﬁ.i‘, a&‘%ﬁ%@%@é%ﬂ& WR% cé’ﬂg?’ﬁlnterface circuit
182 is 4n elgelricalgcomyntioitasitg, widtmodisk drive/60Mhavithin tetdSB] S5todca00dasditienfunctional
interface circyjt 182. The functional interface circuit is, cgnfigured to communic functional test
routine to tﬁgbliil ﬁ?ﬂ?@ BOE RS REABHGSAL ?é%‘f“ic# rs%?s%é‘r’nlq%igrﬁgye/siﬁ ﬁogfé‘r%aergg(rzn%{zgcation switch
192 (e.g. GigabisfHHamehytolanpeidecaleritsal womehudtiaationniewebrd dhalciistesrcontroller 181 and

the one or more functional interface circujts, 182. The computer 130, co nicatigon switch 192,
cluster ZOC%WSH‘Z’ryli%T? Ih‘f‘] E?ﬂ%ecﬁ%ﬁﬁniﬁ{t%fa‘ég cIPEURE ir%?f‘ hay 85%%%%’[‘5’318ny Ethernet network.
However, ailembsismsofpongolanigaticn aéycbenteseduiied fotiotidnal drtbdface aiccyierbdidhyay
e o SR TS e s el AT e (R e
shown in Fifad/br thedhathiigting 2404 nalibite siee bt stattatolod§0210 that defines first and second
et S STl L T e
to and upw4stiy 4&1im wheclodelfstatiomdiagefedtdrdsirStheacorntingridathiet bwdiydportidgss 288a, 218b,
218c are r%%a&%g%sssgsc H%%d tﬂle actuators 454 also define openings 484 which extend between the
15  inner and outer surfaces 481a, 481b. At their proximal ends 485, the actuators 454
include actuator sockets 486 which are configured to be engageable with the manipulator
312 for controlling movement of the actuators 454 relative to the frame 410.
As shown in FIGS. 12A and 12B, the frame 410 includes a face plate 412. Along
a first surface 414, the face plate 412 defines an indentation 416. The indentation 416
20  can be releaseably engaged by the manipulator 312 of the robotic arm 310, which allows
the robotic arm 310 to grab and move the disk drive transporter 400. The face plate 412
also includes beveled edges 417. When the disk drive transporter 400 is inserted into one
of the test slots 500, the beveled edges 417 of the face plate 412 abut complimentary
beveled edges 515 of the test slot 500 to form a seal, which, as described below, helps to
25  inhibit the flow of air into and out of the test slot 500.
Referring still to FIGS. 12A and 12B, the frame 410 also includes a pair of
sidewalls 418, which extend outwardly from a second surface 420 of the face plate 412,
and a base plate 422 that extends between and connects the sidewalls 418. The sidewalls
418 and the base plate 422 together define a substantially U-shaped opening, which, as
30  described in greater detail below, allows the disk drive transporter 400 to be used to

capture a disk drive 600 off of the disk drive supports 226 in the totes 220. As shown in
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30the spindle 216. Each of the first, second, and third body portions 218a, 218b, 218c is independently
rotatable relative to the others. The load station 200 also includes totes 220 configured to be
removably MSuRREH0ZARIh the tote receptacles 212a, 212b. As shown in FIBCHU$A4HH8818D0 include
a tote body 222 which defines a plurality of disk drive receptacles 224 (e.g., 30 shown) configured to
each house a disk drive 600. Each of the disk drive receptacles 224 5 includes a disk drive support
226 configured to support a central portion of a received disk drive 600 to allow manipulation of the
disk drive 600G al@iiy aiongdhamatqmiﬁorfscﬂﬁérmh@fagﬂamm F1Gdstitiee potes 200 &3 behichded

through the first ote reﬁgpghgle 2t12tgea(§1dkt}arelr,} er%g'ifg t‘% gllsqlnment YY cEhg %%nggd tote receptacles

212b via themfllrs Se body portions r serV|C|ng y he ro 00. toAs shown in
FIG. 7, thelrcibmeﬁmmelddhdwaamb@@aﬁﬁ(ﬂm@nwa)m:htb@Ias@s@lzmgﬁsed?dt @distal end of the
robotic arm g/;io E obotic arm 310 defines a first axis 314 substantially normal to a floor surface
316 and is operable t0 rotate through a predetermined arc about and extends substantially radially
from the first axis Bldsithealbbétie ansBtediscomefitygre disk irepedl éhopvodnloddsadimasst slot 500

by transferyj r%&}ﬂ%@%@ﬂgﬁ@&?@&?gxgi%ég??fg%ﬁg@gggﬁ@@mrb%ef 185 IARSAQ0. In

particular, the IS confi r|ve transporter 400 from one of the test
slots 500 ml@t&&mbﬂplﬂ Ih@@ksﬂ%ménqblckru\pﬁal@hﬁﬂ trivexgagifie thodiskits diskOgrivenaceptacles

224 at the | %%% e (éd%f? ahe gl Q%xgr%@%mrzﬁé 40 And heR E.GMHJQ%O%M&‘{Q

transporter rive 600 therein, to the test slot 500 for 20testing of the disk drive 600.
After testinthettestrgbbfiern 310 detridlset! thel isleldmivicachinspbiteie 400s halovigr editd #e8) supported disk

drive 500, (K,%gllt( erast ﬁ{ogegpqlggg SRSt B?)S"ﬁ‘?tﬁgtﬁ&gé% grive receptacles 224 at the load

station 200. Disk Drive Transporter 25As shown in FIG. 8, the disk drive transporter 400 includes a

frame 410 and a dihegiley atlscHanieeh 4snag Eﬁbﬂﬁmﬁﬁbogghi‘?é’@@??ﬁlﬂwb%r%%cludes a

pair of C'ameam&%%@%oﬁﬁé saghoncidding o agtRidwiAnA & PAliBhsREngSamps. (e
proximal and distal spring clamps 456a, 456b). As shown in FIGS. 10A and 10B; the spring clamps

456a, 456@%%@%@@%&t@$ﬂ588&91%§t4éﬁ& 4S6brigl @ﬁﬁﬁgta#mth@a@@af #wassach having a
proximal epd 464 GEORGELLERIP tﬁﬁéﬂﬁ&&m@@mﬁ&%@h@e%&mﬁa&a@ gistaliaed 4Génd he spring

clamps 456a, 456b can be fonned from sheet metal, e.g., stainless steel. Between their proximal and

distal'éndsfaee a4Baxineabprithd Hrtas 460al f%’b@éé#fr?@@ sisevilréfonbsdaeciataeyion 468 and a
pair of edggss (0 Jhaiebe ‘g&%eééﬁﬁ@?{{&%fdéﬁd RAvabe disstpying aupitQadnelugrs a first

engagement member 472 having a dampener 474. The dampener 474 can be formed
420 thereof, and which allow access to the actuator slots 434. The sidewalls 418 also

define partial through-holes 438 which provide access to the actuator slots 434 from the
outer surfaces 432b of the sidewalls 418.

20 FIGS. 13A-D, illustrate the assembly of the clamping mechanism 450 with the
frame 410. As shown in FIG. 13a, the distal spring clamps 456b are inserted into the
actuator slots 434 through openings 439 in the distal ends 436 of the sidewalls 418.
During insertion, the displaceable distal ends 464 of the distal spring clamps 456b are
compressed by the inner surfaces of the actuator slot 434 such that the broad regions 468

25  of the distal spring clamps 456b fit within the corresponding actuator slots 434. The
distal spring clamps 456b are then advanced into the actuator slot 434 until the edges 470
reach the distal pass-through apertures 430, at which point the distal ends 464 of the
distal spring clamps 456b extend outwardly toward their rest position with the edges 470
abutting surfaces of the pass-though apertures 430. In this position, the edges 470 inhibit

30 reward movement (indicated by arrow 50) of the distal spring clamps 456b and the tabs

480 abut the distal ends 436 of the sidewalls 418 to inhibit forward movement (indicated

18



5from, e.g., thermoplastics, thermosets, etc. As shown in FIG. 10B, the second spring arm 460b
includes a second engagement member 476 which defines a protuberance 478. Each of the spring
clamps 4568 @2#19/8188%Mhclude a mounting tab 480 that extends outwardlyHediV ReOHEEE Portion 458.
As discussed in greater detail below, following assembly, the spring clamps 456a, 456b are mounted
to the frame 410 and are operatively toassociated with the actuators 454 (e.g., for clamping a hard
drive 600 within the frame and/or for clamping the frame within one of the test slots 500). As shown
in FIG. 11, leaaticof 51 atthaidissall Seringkkldepsrfebarid tutkensurachs 4B, sp8ap ddnighs define
actuating f res. The actuating features include wedges 482 and recesses 483. giators 454
also defineﬁggér?lrﬁgsslﬁﬁsé W%ﬁgrr}géfgsﬁ%aglesgv%ﬁe@]e{hweni irr1l}10evr§al%ne towu@r1 IE‘iszﬁr a%é%g%%;rl%%t%%lb: At their
proximal ends 48%dkie @cthetorsdBGiNGide Actuateroddbketsua8s sii¢hsarsartndfigtvedistbe
engageablg, with the manjpulater Bl fer eantroling mewementaf ihe asualorsiad [pjptiye to the
frame 410.0°° gﬁégghag\k/?r#gl}]&éggs. 12&9 én%& %%%%?4%0 ?nlcludes a acecf)@lte 412. Along a first
surface 414nthielfacpepiagp4iidtfinesuatpintiehnintbgned svitthdedehehtionugdsirdechis e releaseably
engaged by, (g anigy! Aok aRleam L hiEINR DS mReltAmRLO o arab and
move the |s%<a§?r§/geiatlr8aa:§r%gr’\t%%ri4g . The@}ace p%ate 41 ;Ysoﬁ%gﬁ!udes beveled ec?ges 417. When the
disk drive tpamsportepd0g dkinpedbthinto baelightkindbesipesBEct thehmaghidbcaryes 417 of the face

P e L SAMRMMPRIALY BRI PRACH SUNRIEY FIR] A3BIAIATHE SE3IDICD: 29

described belo ps to 25inhibit the flow of air into and out of the test slot 500. Referring still to
FIGS. 12Aspniad oBmhé Srarse Aidedsthinuitiés 4 PhnaobsidewaiidaginditiatedRieraonuddardly from

a seoqnd sriage (20 AR AR A2 A% 08% Bl A4 AL HIRaiRRelyeen and connects

the si s41l _ and the base plate 422 together define a substantially U-shaped
opening, wiikiHaceatdodesatibeds itogretites prorsiiob FpRN A IRb¥RPtH S0 skechomepRsaep Bité00 to be

used to captyre a disk drive 690 aff ofihe disk Aive S YRPBFR 28,18 8c@IR%1e20, g Shewy In FIG.

12B, along the second surface 420, the face plate 412 defines projections 423, which can aid in

applying fotééaditivathiskirisersaornsting paspriorslatridind koprexitioh e arpretdfaddrive
connector 9&9&1(1%!:9, h MR hg Ksheelaarn gﬁ@ﬁ%"tﬂg ICRatb D816 49Bintil the edges
15 470 reach the proximal pass-through apertures 430, at which point the distal ends 464 of
the proximal spring clamp 456a extend outwardly toward their rest position with the
edges 470 abutting surfaces of the pass-though aperture 430. In this position, the edges
470 inhibit reward movement (indicated by arrow 56) of the proximal spring clamps 456a
and the tabs 480 abut the surface forming the partial through-hole 438 to inhibit forward
20  movement (indicated by arrow 58) of the proximal spring clamp 456a. In this manner,
the proximal spring clamp 456a is substantially fixed against further linear movement
within the actuator slots 434. Assembly of the other proximal spring clamp 456a in on
the other sidewall 418 is performed in the same manner.
Referring to FIG. 14, following assembly, the actuators 454 are each
25  independently slidable within the corresponding actuator slot 434 and are moveable
relative to the sidewalls 418 between an engaged and a release position. As shown in
FIGS. 15A and 15B, in the engaged position, the wedges 482 of the actuators 454 engage
the spring clamps 456a, 456b to cause the first and second engagement members 472,
476 of the spring arms 460a, 460b to extend outwardly from the inner and outer surfaces
30  432a, 432b of the sidewalls 418. The first and second engagement members 472, 476 of
the spring clamps 456a, 456b can also be retracted by pulling the actuators 454 outwardly
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5The sidewalls 418 are spaced to receive a disk drive 600 (shown in hidden lines) therebetween, and
define surfaces 424 for supporting a disk drive 600. The sidewalls 418 also define back hooks 426,
which can bW Q38302 &ktracting the disk drive 600 from a test slot 500 (e BCHAISIASARMHIRY a
connector on the disk drive from a mating connector in the test slot 500). The sidewalls 418 also define
lead-ins 428 (e.g., chamfered edges), towhich can aid in centering a disk drive 600 in the frame 410.
The sidewalls 418 each define a pair of pass-through apertures 430, which extend between inner and
outer surfatesm4B2dir432bfafdHé sidahalisd piité-olld\idngndsseediily aarcerfépashgvoneof the spring
clamps 45 5 % S a iated with each of th ss-through rtures. 430, T ' alls 418 also
define actl%ﬁg%'sﬁo éﬁﬁﬁﬁir‘?’g%e%ﬁ% ¥ racgr)ﬁrsa%{?(%gﬁa %arrllg %%ﬁ%éiod%%j%eﬁé}éjﬁ%%%éch sidewall
418. The fdbe plgtgetiéhtnfmas s gai, dffapectalios 48 Towttivltdnte netmtevien thihfirdhand second
surfaces 414, 420 ther and whi w access to the actuator slots 434. The sidewalls 418 also
define partlrgf?ﬁﬁgsug -rgcf:tehsef %ﬁ%ﬁa%govide access to the actuator slots 434 from the outer surfaces
432Db of the sidewAlska8n 20FIGS. 3% aDd illUBtradecthibassuntbly bi4heccathpirdeasechanism 450

with the f fa%%tgﬁo-Vé}aﬁng%gggﬁgrg@% A SAING RAMRSIAVER PRGN fhe actuator

slots 434 throu openings stal énds 436 of thé s cwalls 418. During insertion, the
displaceabld @istaBenas isihssittdidisttiesiirimg ¢ldhbetusstharsi dwyaPrebisedWithtiedisker surfaces of

the actuatqr,Rig b3t uAId RIS RRoAd AR AR coM e Al RIING ClatARCARR Lpvitnin the

corresponding actuator slots 434. The distal spring clamps 456b are then advanced into the actuator
slot 434 unpitsiteetiydsriacerdadirshengrgangasmentberght apartakonygowahiiidtissolntthe distal ends

464 of the @;ﬁﬁé %?%}9%9 Slampe Apabsestend Quinardlytoward thel festaesitiqp withithe edges 470

abutting surfaces of the pass-though apettures 430. In this position, the edges 470 inhibit 30reward

movementKIGdit&teW hsnameogsd it e diskadspeng Gl dingempats ity tendsdnmgodbbtithe distal
ends 436 qf the.sidena!gkiB IR BRI P Mm@ d e YRmeI-iRdispied (B auiewRRIsbihedistal spring

clamps 456b. In this manner, the distal spring clamps 456b are substantially fixed against further linear
movementdaitiientie Attvarorlsfobslnda hmit pssal Esrap@heeRiart Getreen Shssie actuators
454 is insejigd intg.p first.ong; of e agptor slots 434 through the face plate 412 and is advanced into

the slot 434
15

Test Slot
As shown in FIG. 19A, the test slot 500 includes a base 510, upstanding walls

512a, 512b and first and second covers 514a, 514b. The test slot 500 includes a rear
portion 518 and a front portion 519. The rear portion 518 houses a connection interface

20  board 520, which carries the connection interface circuit 182 (FIG. 4A and 4B). The
connection interface board 520 includes a ribbon cable 522, which provides for electrical
communication between the connection interface circuit 182 (FIGS. 4A and 4B) and the
test circuitry (e.g., self test system 180 and/or functional test system 190) in the
associated test rack 100. The connection interface board 520 also includes a test slot

25  connector 524, which provides for electrical communication between the connection
interface circuit 182 and a disk drive in the test slot 500. The front portion 519 of the test
slot 500 defines a test compartment 526 for receiving and supporting one of the disk
drive transporters 400. The base 510, upstanding walls 512a, 512b, and the first cover
514a together define a first open end 525, which provides access to the test compartment

30 526 (e.g., for inserting and removing the disk drive transporter 400), and the beveled
edges 515, which abut the face plate 412 of a disk drive transporter 400 inserted in the
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5until the opening 484 in the actuator 454 is aligned with the partial through-hole 438 in the associated
sidewall 418. With the actuator 454 in this position, a first one of the proximal spring clamps 456a can
be aligned iWfhe0BHEHIRY 484 through the partial through-hole 438, as shoW& TAUSREI810SE1I8Referring to
FIG. 13D, with the proximal spring clamp 456a so aligned, the actuator 454 can be retracted (as
indicated by arrow 54) 10 to push the proximal spring clamp 456a forward. During forward movement,
the displaceable distal ends 464 of the proximal spring clamp 456a are compressed by the inner
surfaces oft¢htesmettiiap photviBrasuech ttiraithe bsahe llegioMsid 68 ohtkde spohthclaspld58Hfit within the
correspondvinagtﬁé:yjz%%%r slllo(t3 4(% gl'he proximal spring clamp 456a is advanced, via movement of the
actuator 454, into the Actuator s%ot’ 434 until the edges 15470 reach the proximal pass-through
apertures 430, at Mhitlowoint e .diSR) ierttis “@doofahtptestinvatsptingnt|50p thsBastvitding outwardly

toward their rest itian with-the 4 ' r - 430. In this
position, th\gaeﬁégsgg %;g?rll) h#éﬁ%gﬁﬁ%fﬁgé@ﬁf\%ﬁﬁ%ﬁ%@tg%@g g{(r)tgﬁ é;’%s%%é %%(led %ﬂr%éie? rﬁ%ﬂ%ﬂng clamps
456a and theitehsl 480satfifiat S G b the ibnhidvtheapapiiaict o gHavolee4B8 diskntityie forward 20

movement, g})ggggkggﬁ%@wéﬁ@g&%ﬁf%@%&@f&@%@fﬁ&%ﬁ%@%}@iﬁw&a@m@ proximal

spring clam stantially fixed against further linear movement within the actuator slots 434,
Assembly 60thia thhelishrdxivedtaspanreasi40thans Getintbe ab@aithied Sticvibil w1 ss pesfopmed in the

same mantfki fﬁ&%ﬁm}&%ﬁ%d@'&wmmE}b(o the RGHRLIS drd 210 sach.2ainsigpendently

slidable within the corresponding actuator slot 434 and are moveable relative to the sidewalls 418
between athediggduvarid@maleaseatbdbititeat Aet shongster SEESisIbavant BE . idthe Sigaged position,

the W?odgeﬁé%%sizfd@@e%%&s;f&ﬁ%qﬂ%%ﬁ}hﬁ@ﬁ@@g&ém%ﬁ%hﬁéa 19,315 the first and

second engagement members 472, 476 of the spring arms 4603, 460b to extend outwardly from the
inner and dleatisudare sS0A30RO UBRttef thitlsideiralslat @ rpisetdir SLAhdhveesHat @ dadement

members 44 & 1R SHRGLAANER 4P BaiflaR R ALRS0 8 F&grtwgéexrm@%e)g@m@tuators 454

(6)
outwardly from the first surface 41 ace plate 414 (as indicated by arrow 60). As shown in

FIGS. 16Ametesnd Whdntied hettpriosdmnmAd beorbde setertoutardlz dxupdsifontthe
engagemeryt membersedl2 458 arp BllgwRAIaSeHACE 1] 2A6ShpRAITONMARINHS fepegses 483 of the

actuators 454. 5As shown in FIGS. 17A and 17B, when the actuators 454 are in the release position,

with the spiti, énathiengssed BoBHaRBHAS 8EE0RIGIBRGGIEBODIIMEH T Ficddenth I andtB) can be
inserted info (e ftame AlRMeeen besrideualls L WViiB.a Lisk diive SRGhINRsHieS nthg, frame 410,

the actuators 454 can be moved towards the engaged position to displace the first engagement

members ArRtisteledittodtrmpdle siskdvy clioesep LY paradmIe wrvens o8 Ay thaovement
relative to {hg igmed1lAs ap.shawnind i A WRER-aRIRaRIER e diskdriva $8Ri$he dampeners

474 can help to inhibit the transfer of vibrations between disk drive transporter 400 and the disk drive

600. The dfipip&feirngy suetiges| 4323 the meR Wabtat 1S Andansesndls Biskvisre OBy Wamps
456a,4 56%%'?%&@&9)%6’@&@&%@ movement relative to the disk drive transporter 400. The disk

drives 600 can be sensitive to vibrations. Fitting multiple disk drives 600 in a single test
rack 100 and running the disk drives 600 (e.g., during testing), as well as the insertion
and removal of disk drives 600 from the various test slots 500 in the test rack 100 can be
sources of undesirable vibration. In some cases, for example, one of the disk drives 600

25 may be operating under test within one of the test slots 500, while others are being
removed and inserted into adjacent test slots 500 in the same test rack 100. Retracting
the engagement elements 476 during insertion and removal, and clamping the disk drive
transporter 400 to the test slot 500 after the disk drive transporter 400 is fully inserted
into the test slot 500, as described above, can help to reduce or limit vibrations by

30 limiting the contact and scraping between the disk drive transporters 400 and the test slots

500 during insertion and removal of the disk drive transporters 400. Additionally, the
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15 Test Slot As shown in FIG. 19A, the test slot 500 includes a base 510, upstanding walls 512a,
512b and first and second covers 514a, 514b. The test slot 500 includes a rear portion 518 and a front
portion 519 W24 P¥ion 518 houses a connection interface 20board 529 TAHXNEBFIEI the
connection interface circuit 182 (FIG. 4A and 4B). The connection interface board 520 includes a
ribbon cable 522, which provides for electrical communication between the connection interface circuit
182 (FIGS. 4A and 4B) and the test circuitry (e.g., self test system 180 and/or functional test system
190) in themﬁgcmtﬁmesﬁﬁaekgh@&nm&maesm{i ntedlacepacd &R aleotiokl ydesratiest slot
25connector 524, whjch provides for electrical communication between the connection,ipterface circuit
182 and a Ehékfa?mtfﬁ és?er&g"jb 8%?%?@%%&“5’8?{}&%%‘?3‘ o(%e ne reaéltsg%%gﬁ%% e mde{s})zea test
compartmasitsRa S0 oaheivig thedrti s ppd ing ale Dilikh didiskdt e rgosteos t¢d8, 400 cl henpase 510,

upstanding walls 5123, 512h, and the first cover 5143 together define a first o end 525, which
provides agggegseﬁi‘%f‘? ?&%e@cﬁ%ﬁgiﬁ%erﬁ?%ﬁ% Pee : g?[%er%lﬂ%seFﬂ%@e;aﬁfréﬁg\sli%%athe disk drive

transperter 400), and the beveled edges 515, which abut the face plate 412 of a disk drive transporter
400 inserted i tt}le tlg t slot.500 to provide a seal that inhibits the flow of r into and out of the test slot
500 via thﬁ?ﬂ?—a&n—éﬁw Gi5et Roraor As shown in FIG. 19B, in the region of the test compartment 526,
the upstanding walisi&d 2ae bT Zicdifindrergagempetdrfeliliie scoR v od Hiompnovidghmatiglstafaces for
the 5sprin gam s 456a, 4 % f the disk drive transporter.400 allowing the disk drive tr orter 400
to be clam%g Wi itr}llffﬁéa%tg S oﬁ%%&%%?agég}ﬁﬁ g,lvl{vgli(t%{l gatx IS g' rl\f)e¥V é)H(? Rt g\f:ﬁgf(agsfp\;)g%g)nsporter
400 and withahe thatuatorsi gt e wdl dasehasiion, theitlisirarrdanrBl{spditehet0sbapete inserted

T AT A B s i e ¢
slot 500 (i.arpwriththe disk drive support 226 in the tote 220 so that the disk drive transporter 400
can be moved (e.g., via the robotic arm 310) into a position beneath one of the disk drives
600 in the tote 220. The disk drive transporter 400 can then be raised (e.g., by the robotic
arm 310) into a position engaging the disk drive 600. As the disk drive transporter 400 is
15  raised, the lead-ins 428 on the sidewalls 418 aid in centering a disk drive 600 in the frame
410.

With the disk drive 600 in place within the disk drive transporter 400, the disk
drive transporter 400 can be moved by the robotic arm 310 to position the frame 310 and
the disk drive 600 within one of the test slots 500. The manipulator 312 is operable to

20  control actuation of the clamping mechanism 450 (e.g., by controlling movements of the
actuators 454). This allows the clamping mechanism 450 to be actuated before the disk
drive transporter 400 is moved from the tote 220 to the test slot 500 to inhibit movement
of the disk drive 600 relative to the disk drive transporter 400 during the move. Prior to
insertion, the manipulator 312 can again move the actuators 454 to the release position to

25  allow for insertion of the disk drive transporter 400 into one of the test slots 500. Moving
the actuators 454 to the release position prior to insertion also allows the disk drive 600 to
move relative to the disk drive transporter 400 during insertion, which can aid in aligning
the disk drive connector 610 with the test slot connector 524. The disk drive transporter
400 and disk drive 600 are advanced into the test slot 500, via movement of the robotic

30  arm 310, until the disk drive 600 is in a test position with the disk drive connector 610

engaged with the test slot connector 524. Once the disk drive 600 is in the test position,
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the disk drive connector 610 mated with the test slot connector 524), the actuators 454 can be moved
towards the engaged position to displace the first and second engagement members 472, 476 of the
spring clamPEuB8Y 0238 to extend outwardly from the inner and outer surfEEYFIOF AT of the
sidewalls 418. As shown in hidden lines in FIG. 15 20B, in the engaged position, the second
engagement members 476 extend outwardly from the outer surfaces 432b of sidewalls 418 and
engage the engagement features 527 in the test slot 500 to clamp the disk drive transporter 400
against mothememtrelatifé socthe vedttslttesOagtdipo Stme(timebinbdirstwnghgeniéd) snembers 472
extend outya f the inner surf 4 f idewall e the.di jve 600 to
clamp 2om%?ﬁ%ﬁ%%ﬁ%%‘&%ﬁ‘i??ﬁ%&ﬁ??%’%%eﬂ% S[ﬁ/sg Ig‘}(ﬂe??@@%é}}%%%‘?&g% OP&I'?}% disk
drives 600 @ethdgeisetsitivetonyitslativaso Hittidigknduitipleadisgiodeiv 80600 isnahsig| éhtesstorack 100 and
running the disk drives 6 g ring testin I j ?(g disk drives
600 from the(E:-(ii %%?&ég&t(?s%qgﬁ)%?s%g L%rrmi %%%tetglsét %gigsf%%g%;r? %%%%ﬁ%gg %}%l? f%{e(gs{?rg% e ?/clgbration. In
some Gaseshibitaraneplenomctiof diek disk Oive 600 28Mejabe olvetatitgt shddOtest idthin one of the

test slots 500, e RIS ARG IRMAUEC AN IREHER o adiasent estslols AR the same

testrack 1 cting the engagement elements 476 during insertion and removal, and clamping
the disk driterngrisgorger 400 to the test slot 500 after the disk drive transporter 400 is fully inserted

into the test slot 3P0y aiflEtetiher ARQrERGAL hEIR/GGE BF liathuibiatipps by dQimiing the

contact and scraping between sk drive transporters 400 and the'test slots 500 during insertion
and removattwitbes dfsk(divenitindsoneripyborAddiiorthiyethese\p@ition to disengage the

2009/%7928%%3}6‘4&%891%@&?%%, 3HBLI0 1RYARKING RNERISRIGAL REMIRASH! R @lso help to

reduce particle generation that may otherwise result from scraping between the disk drive transporters

400 and thelasarisracsbanuming Insditorsesrd thmdvkIdste & aisRodieyd Arsheits riae®Ofhich may
be beneflCl@Jéﬂ%C@ie?J}Maﬁ%ma&@{ewﬁ%&flstgriey%& R HIRK diuasdd04 pMetheds.ef Operation

In use, one of the disk drive transporters 400 is removed from one of the test slots 500 with the robot

300 (e.g., Watg4BBinagttHadritenintaie il enthpudisie drk/ditladape fraruooteitd darhedihsulator 312 of
the robot 300Q) 135 stusirated dnduseZining &J-ehapgditrravinateimed R e sisrals 418 and

base plate 422 allows the frame 410 to fit around the disk drive support 226 in the tote 220 so that the
disk dive trilesdladr dcerchelmindisoeereang. thadigedibrosenaasts 10 iftera the drsbH eneath one of
the disk driygs,6Q0;18the tote 220. The disk drive transporter 400 can then be raised (e.g., by the

robotic arm 310) into a position engaging the disk drive 600. As the disk drive transporter 400 is
The disk drive transporter 400 and the tested disk drive 600 can then be returned

to the loading station 200 with the robotic arm 310. In some cases, for example, once the
disk drive transporter 400 is sufficiently withdrawn from the test slot 500, the clamping
20  mechanism 450 can again be actuated (e.g., with the manipulator 312) before the disk
drive transporter 400 is moved from the test slot 500 to the loading station 200 to inhibit
movement of the disk drive 600 relative to the disk drive transporter 400 during the

move. The process can be repeated for each of the disk drives in the loading station 200.

25  QOther embodiments

Other embodiments are within the scope of the following claims.

For example, while the test slot assemblies described above includes particular
mechanisms for clamping with the disk drive transporter, the test slot assemblies can also
include other mechanisms for clamping. For example, FIG. 22 illustrates another

30 embodiment of a test slot assembly 120a including a disk drive transporter 400a and a

test slot 500a in which the test slot 500a performs a clamping function. As shown in FIG.
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15raised, the lead-ins 428 on the sidewalls 418 aid in centering a disk drive 600 in the frame 410.

With the disk drive 600 in place within the disk drive transporter 400, the disk drive transporter 400 can
be moved by th&P8aIRI%4rm 310 to position the frame 310 and the disk driP&ERBIWEHIGABE of the test
slots 500. The manipulator 312 is operable to 20 control actuation of the clamping mechanism 450
(e.g., by controlling movements of the actuators 454). This allows the clamping mechanism 450 to be
actuated before the disk drive transporter 400 is moved from the tote 220 to the test slot 500 to inhibit
movement2¥Ah ehdiskstdiives 608 irelaties 4dike Tidk, dipyatringpariiers406, dudbgdtdirsioael Prior to
insertion, the manipulatqr.312 in move, the actuators 454 to the release position to 25 allow for
insertion of ?ﬁ(emglscgv rﬁ%cér]trghg%?)gtgr?ﬁ%}f%tsooct)ne Sfl{hce?utgeesst %l6ts g%%lol{}lé?n%nagaﬁl%aa%?&étors 454 to
the releaseppoiitidil o he insetrportiats6 18kovtslih edislodiveaclefinesmoss cetatusntwihe disk drive

Sl conmec L BB S S € S s R RS e o
500, via mopstarelihgfithds dDliotic Blammdbe, fustiteverdisRachigetBOGidfiimea taxst ppsitiondwith the disk
drive conn r 610 engaged with the test slot connecto Once tE) ' i 0 is in the test
position, tﬁgg%dvdéfgﬁrspg &%%g?ea%:g%sjg t?og‘etrgeestecr105r:}lIg);aeIﬁT)pgcr)lgi%i%?wa(éé 5 . ﬂﬁéﬁég I%rll,l ator 312) such that
the first engagevmenthmdisibérs ¢ farspgegedb@nilisk drive 600 to clamp the disk drive 600 against
movement relative, {0 the disk,gpiv t p ggp%e&gqg&rggpt members
476 engage the e%‘ééﬁ%%neﬁ‘t %i%tl?égg%%%%%%ggﬁ%?é%&%%ﬁht movement of the disk drive
transporter5400 sslaiivdudethdamgi micpso@s PAe. clmspingnohtREHisk, dhivelarapisgorpemng®03A this

laiahicsrestupB00s TAE chmpigror FECR nasG3A tis
o b o R e I R B 6 M dEee positon

can be disengage ving the actuators 454 (e.g., with t ‘
to disengagelthwengddémBafanarbersid X 167 8 TRrththepsistditive €00 AidthéYesrdlstas00. Once

the clamping (IEGIANALT 450 ihlrengangs e dik iy euanaResen 400 and cislisirie 600 can be

withdrawn fro test slot 500, e.g., ngaging the indenta 167in the face plate 412 with the
manipulatonGutiagd@eimdptheddiekidribe damppasnrisgs i of phececst slaesoufades #e Adbotic arm

310. Duringﬂg\/{}rgé{%\a@ W%l@%ﬁ%?cﬁ%@d’% of the 15sidewalls 418 can help in disengaging the disk
drive connector 610 ro%n the test slot connector 524. The disk drive transporter 400 and the tested

disk déive 600 car\thshote relilnd 2o hadaadinthe it dootienspeiterseaeareiadn0. In some cases,
for example, qnes the diskidrye-fiansepiten 9fis suflicienibpyuiibdiawn Aiem; he e shsial 500, the

clamping 20mechanism 450 can again be actuated (e.g., with the manipulator 312) before the disk

drive transpbitetitofa¢s piaecd Zeodefinestarirjsnsoondt ife. |0 edsigidenGadsinelgssably

engageable by a mating protrusion on the manipulator 312 of the robotic arm 310, which

allows the robotic arm 310 to grab and move the disk drive transporter 400a. The face

20  plate 412a also includes beveled edges 417a. When the disk drive transporter 400a is
inserted into one of the test slots 500a, the beveled edges 417a of the face plate 412a abut
complimentary beveled edges 515a of the test slot 500a to form a seal, which helps to
inhibit the flow of air into and out of the test slot 500a.

Referring still to FIGS. 25A and 25B, the frame 410a also includes a pair of

25  sidewalls 418a, which extend outwardly from a second surface 420a of the face plate
412a, and a base plate 422a that extends between and connects the sidewalls 418a. As
shown in FIG. 25B, along the second surface 420a, the face plate 412a defines
projections 423a, which can aid in applying force to the disk drive 600a as the disk drive
transporter 400a is inserted into the test slot 500a.

30 As shown in FIG. 25C, the sidewalls 418a are spaced to receive a disk drive 600
therebetween, and define surfaces 424a for supporting a disk drive 600. The sidewalls
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movement of the disk drive 600 relative to the disk drive transporter 400 during the move. The process
can be repeated for each of the disk drives in the loading station 200. 25 Other embodiments Other
embodimen¥&r80/RF1R%he scope of the following claims. For exiunple P&RIIESAqe8{e8¢18 ot
assemblies described above includes particular mechanisms for clamping with the disk drive
transporter, the test slot assemblies can also include other mechanisms for clamping. For example,
FIG. 22 illustrates another 30embodiment of a test slot assembly 120a including a disk drive
transporter4@oaland ditesh slbhboRa 486ahdn the e desiet D Oa pruforting sheldisipthgyfuddlion. As

shown in FiEs 284 e lesiplot 3003 nclules abare, 3103, bsiandipg.als G143, b and first
and second COvers 5174 5L/b; The test slot 5004 ncludes a rear portion’518a and a front portion
519a. The fronegpogtiod kl@avefabieitestesioms®@a0defines a test compartment 526a for receiving and

supporting one of the disk drive tra r 400.,The i I 13b, and
the first cover 51%6%5%%%3&}&@@%%%&@%%g%ggg?%ﬁ%%ﬁg%?,?é%%ﬁ%%ﬂ%ﬁfﬁ?ﬁf
compastment&Rbade. gistdramdefting efitiesmowalstHéldiskdifivainatesparees-4i00agh  As shown in
FIG. 23B, in the regipn ofthe test.compart , the 0 ISQ | clamping springs
530. As sh%WrIf 1|1rrlel—9llg12 , thET atnﬁwrﬁH St ?ﬁgé‘%s 1é|ﬁg?ggiﬂ)e%é%\%?\g]?a%%%?%%gip surfaces 533,
and an engagainent dcimbess3Bdratitadghg Bdamgpesetiea s Pefdisindrvgdianteppie; 23R, the!
upstanding. walls 513a include i : retaini ping
springs 53 r\%l)t é\?ﬁ&]@l% ﬁ%(gtlr%@uén%t#aq ﬁ%%g%g%nh% ?e%iél?]%h% C %ﬂg%ﬂ %ggﬁp&ggéﬁ nE%%%E%n inner
surfaces 533 oo flkcugstamogepriadis BU3musteishe Shopimgwpimg ) 3% apnpssethendisk drive

rensnorer 400R SEAI ke s Tae Ai0R e BN I dhes A e 4122 Along a

r
first surface Tace plate 4 ines an indentation 416a. The indentation 416a is releasably
engageablepsiandingtinglksrdtAasidBbn fretimakshulrier BaBpithedot edranEHonieHizhtesfows the

robotic arm, 313 ,AirbANAmANa 13 disk iy trataenes 4087 Shevane iplaie ddea giso includes

beveled edges 417a. When the disk drive transporter 400a is inserted into one of the test slots 500a,

the beveledhdtieL A radR b favenphatdisl da whinensmenitintORtaisaplessetieei felyérseted of the test slot
500a to forp & f6alkn BieH ASIRS hinhikBsAonCRh Adiigand put aligleilala0da in
15  the side walls 418a such that the dampeners 535 can engage a disk drive 600 (FIG. 26B)
carried by the disk drive transporter 400a.

FIGS. 27A and 27B, illustrate another embodiment of a disk drive transporter
400b having a clamping mechanism. The disk drive transporter 400b includes a frame
410b having a face plate 412b and a pair of sidewalls 425a, 425b. A first one of the

20  sidewalls 425a defines a pass-through aperture 427 which extends between inner and
outer surfaces 431a, 431b of the first sidewall 425a. An engagement element (e.g.,
spring clamp 700) is disposed within the pass-through aperture 427.

As shown in FIG. 28, the spring clamp 700 includes a base portion 716 and first

and second spring arms 718a, 718b each having a proximal end 719 connected to the base
25  portion 716 and a displaceable distal end 720. The first spring arm 718a includes a first

engagement member 721a having a first dampener 722a, and the second spring arm 718b

includes a second engagement member 721b having a second dampener 722b. An

actuator 710 is operatively associated with the spring clamp 700. The actuator 710

passes through the face plate 412b and into an actuator slot 712 in the first sidewall 425a.
30  As shown in FIG. 29, the actuator 710 has an elongate body 711 extending from a
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Referring still to FIGS. 25A and 25B, the frame 410a also includes a pair of 25sidewalls 41 8a, which
extend outwardly from a second surface 420a of the face plate 412a, and a base plate 422a that
extends betWOH®ATVIANnects the sidewalls 418a. As shown in FIG. 25B, BleHYTHYO%B¥IS8H surface
420a, the face plate 41 2a defines projections 423a, which can aid in applying force to the disk drive
600a as the disk drive transporter 400a is inserted into the test slot 500a. 30As shown in FIG. 25C, the
sidewalls 418a are spaced to receive a disk drive 600 therebetween, and define surfaces 424a for
supporting praiskarivel 600.td helisidbuvdl %1 3 iBagtstrdedine DHEK Alboks 4 26gtivihchaantde useful for
extracting Uﬂ-:- izslls< grir\(/)%sf_ss%% th)O"t]lata e nt(%st glsoé rCc))Og. d-{rrﬁ% sid%v’gllls 4 gga%lrlggv %clafine &eg <ins 428a,
which can ai(Pin cen?erlng 4 disk diive 600 in the frame 4104, e]aenrring again 0 FIGE! 254 and 25B,
the sidewalls 41 83 bleficestots U118 whitihbextend thomrsistas ghdswiBGa ticthetsite wall$1£218a and
terminate in,gass:ifrouah AneIies A24. HisRASRIUAN BREINIER 42116 Sized fo sl the

engagement Members to pass therethrough. During insertion of the rve tranSporter 400a
into thé tesAslshGOOandler YikidogbA3Raf¢he sidewakevkl8taendddetitbaaomymemiddes 533 of the

10 the testsloh G00mdar sogdio X t

membere S e B L Sab. s

the disk dritm@t@dpm@mﬂbﬂﬁdm’aﬁt@émed_aird@@h@ wsf?@ltﬁt‘ﬁﬁ@a‘tﬂlébdeﬁﬂmﬁe@ﬁ@@@ﬂde within the

siots 419 i SENARAAT2143 SIBNDUBEIG.GPR A0S AAB NG e disk s rangporter 400
ully Inserted p end throug

reaches the osition, the engagement members 534 e the pass through
apertures 4RIréiradied d pividalvag sheltustasty ot delnape pess 88528 shwryayBl& didBdrive 600

(FIC. £05) SALPAOXHSGIH BTYE HRRARaes é)%@-releafe'[ﬁo%iﬂﬁhﬁ@‘&i%éﬁc%le}i%@E@?n other

embodiment of a disk drive transporter 400b having a clamping mechanism. T rive transporter
400b includadsecfrtraspti@rimying afasBowatbta 1¢aghd a pair of sidewalls 425a, 425b. A first one of

the 20 sidewalls 4gha, Agfings BAFSoV Al 20EEN FoirioWRIGH SXISpHR PEfMESHdoner and

retracted, a disk drive 600 can be inserted into the frame 410b between the sidewalls
425a, 425b, as shown in FIG. 31. Once a disk drive 600 is inserted in the frame 410b, the

15 actuator 710 can be rotated towards the engaged position to displace the first engagement
member into contact with the disk drive 600 to clamp the disk drive 600 against
movement relative to the frame 410b. In a similar manner, the disk drive transporter
400b can also be clamped within a test slot. For example, with a disk drive 600 in the
frame 410b and with the actuator 710 in the release position, the disk drive transporter

20 400D can be inserted into a test slot 500b, as shown in FIG. 32 (test slot shown with
covers removed for clarity). With the disk drive transporter 400b in a fully inserted
position within the test slot 500b (i.e., with the disk drive connector mated with the test
slot connector) the actuator 710 can be rotated towards the engaged position to displace
the first and second engagement members 721a, 721b to extend outwardly from the inner

25  and outer surfaces of the first sidewall 425a. In this position, the second engagement
member 721D of the spring clamp 700 extends outwardly from the outer surface 431b of
first sidewall 425a and engages a wall 723 of the test slot 500b, thereby clamping the disk
drive transporter 400b against movement relative to the test slot 500b. At the same time,
the first engagement member 721a of the spring clamp 700 extends outwardly from the

30 inner surface 431a of the first sidewall 425a and engages the disk drive 600 to clamp the

disk drive 600 against movement relative to the disk drive transporter 400b.
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outer surfaces 431a, 431b of the first sidewall 425a. An engagement element (e.g., spring clamp 700)
is disposed within the pass-through aperture 427. As shown in FIG. 28, the spring clamp 700
includes a YER2pIB1I016 and first and second spring arms 718a, 718b eBER/H&MAYHIPdximal end
719 connected to the base 25portion 716 and a displaceable distal end 720. The first spring arm 718a
includes a first engagement member 721a having a first dampener 722a, and the second spring arm
718b includes a second engagement member 72Ib having a second dampener 722b. An actuator 710

is operatively asseeatedasithnthesspring el 700 ideabtdaint Lo passadinrouglphecface plate
412b and into aePl actuatog slot 712 in the flrs S|d§ j‘la\ll 425a. 30,%(sdshown lE ng{ H1e actuator 710
has an eloAJat' ey ¥ £ ERRSIRTS IS (BRoxhs RSy (%/FaTV 15 Bong & First axis

717. Alongtitsipbgth Hﬂﬁ/@ﬁt@ﬁ&ﬁﬁ@&@a&msmﬁwmmt withidestesbshay dimgnsion:D1 and a
narrow dimension D2. actuator. 710 is rotata out the first a W|th|n he actuator
slot 712 be]f\;\%%r% 36(?\ eké%?‘;‘sgl%'vgééaﬁ%?sqft Sﬁ%g ini a e&r%so?/gr%rgﬁt@gfz tﬁ% s;%rm ?amp 700.
5As shpwnlatE K3230Ad inpidie (ﬁmg@cgedlpasﬂm r20bm s ifstaes: didhofsidevadina@ididiengage the
spring clamp 70 cause the ceable d| ends of the s arms 720 to ext wardly
from the .ﬁ%ﬁ%ﬁ%&?&?&&ﬁ&g lc NS %é“fﬁ%‘% snacearvfaﬁig g al uﬁ%’\(fver? |41)I ég?ﬁf of
displaceabiiedistakrizes ] 20 %f th&xﬁ@im@‘m& thean(alsospeimgtchated/b 9 rotdiipg b actuator 710
to the release,p ?htlon as shc%n in FIG. . 10When the actuator 710 has been rotated to the

release po§\’f8 %in%sp QEOH 3%?“%5% $ of the spring arms 720 are allowed to retract. When the
actuator 710 is in isskelease Pasitianthwitpring slaring’dampl7dS rebractpoktmulisk2dndefBE0 can be

neerd S e M08 evvees R UEIle 25 25k R AN T A e
position to ghsptacesthenfirstdéspdagahie distabemdetiftolterfiexttspithgtherdiEid diivaies adictamp the disk
drive 600 ae%agle?gsgment member 756a having a first dampener 758a, and the second spring arm 753b
includes a second engagement member 756b having a second dampener 758b.
An actuator 760 is operatively associated with the spring clamp 750. The actuator

15 760 passes through the face plate 412¢ and into an actuator slot 762 in the first sidewall
429a. As shown in FIG. 35, along its length the actuator 760 has a cross-section that
defines a wedge 764.

The actuator 760 is pivotable within the actuator slot 762 between an engaged
position and a release position. As illustrated by FIGS. 36A and 36B, in the engaged

20  position, the wedge 764 of the actuator 760 engages the spring clamp 750 to cause the
distal ends 755 of the spring arms 753a, 753b to extend outwardly from the inner and
outer surfaces 441a, 441b of the first sidewall 429a. Thus, the spring clamp 750 can be
actuated by pushing and/or pulling a proximal end of the actuator 765 upwards (arrow
62) to force a distal end of the actuator 760 towards the spring clamp 750.

25 The distal ends 755 of the spring arms 753a, 753b can also be retracted by
pivoting the actuator 760 to the release position, as shown in FIGS. 37A and 37B. When
the actuator 760 has been rotated to the release position, the distal ends 755 are allowed
to retract.

When the actuator 760 is in the release position, with the spring clamp 760

30  retracted, a disk drive 600 can be inserted into the frame 410c between the sidewalls

429a, 429b, as shown in FIG. 38. Once a disk drive 600 is inserted in the frame 410c, the
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movement relative to the frame 410b. In a similar manner, the disk drive transporter 400b can also be
clamped within a test slot. For example, with a disk drive 600 in the frame 410b and with the actuator
710 in the r&YEhZWHBEIEYN, the disk drive transporter 20400b can be insertdf FiSHEHB6181 500b, as
shown in FIG. 32 (test slot shown with covers removed for clarity). With the disk drive transporter 400b
in a fiffly inserted position within the test slot 5006 (i.e., with the disk drive connector mated with the
test slot connector) the actuator 710 can be rotated towards the engaged position to displace the first
and secondangag@fennrhembeed 73dad7 Hidengastd pootiondedlisplons the finsicin2Baedantiter

g MU ep SR A8 (I PORN A DERAENA S IRIRBAN AT EL(EAD of he Shring

clamp 700 extends outwardly from the outer surface 4 sideyvaﬁZSa and engages a wall
723 of the testsiotB0clfitearethe ctamp g thddiskmdlvemamspothedidObriagdiasspadeement relative

10 the test sia0badd 1S same ey e it gRopgemantmembes fskauelihgonting.clamp 700

extends outwardly from t ner surface 431a of the first sidcwall 425a and engages the disk drive
600 tosclanfipiiedd bk advei B0d agetirsoniddemere idrat oo esitiva. disk dsk érirgrispsnerta00b. WO

2009/079290RCTIYS0OBIOBEHE oot HIESWARARN AR USRS Gk ABOLNS Efppciment of a disk

drive transporter 400c having a clamping mechanism (e.g. for clamping a disk drive within the disk
drive transporeedinayiioiomathinthegatis diskharagiuatandpbrean Rethin o i wpsas hs epgigadn FIGS

33/ and 33Bii0 ISt iNc RaRAITehAOPss nPlahAEAMA. V3G BIP LA lRRRRlE dR2C and 2

pair of sidewalls 429a, 429b. A first one of the sidewalls 429a defines a pass-through aperture 440
which extefidmiibevieest imderuieicoiitees dftisdd Un ohthesfinstsidaw At Sae WalhBID41t0%.engagement

elemept (&,g. SRERY é?l%‘é@ﬂé%%&"&&ﬂ%%ﬁi@ égﬂr@agfnfswy@@)&aﬂww%@%@wn in FIG.

34, the spring clamp 750 includes a base portion 752 and first 10and second spring arms 753a, 753b

each havin@aoptexiwrdrent?t?bo thmisideyab HR8rubapsnssh ths 2eahtlob dhspraveadiebiistal end 755.
The first SRHQ9@@Jé%%@&ﬁ&%6@%&@9&9&%@@9&@%&1@@ 1587 hayiggia fishéamnener 758a,

and the second spring ann 753b includes a second engagement member 756b having a second
dampener trB8bthafiest engescramisnspeheniveny atder rararaslempd Xpergdaipwadyrienactuator

the inner surface 441a of the first sidewall 429a and engages the disk drive 600 to clamp

15  the disk drive 600 against movement relative to the disk drive transporter 400c.

Elements of different embodiments may be combined to form combinations not
specifically described herein. Other details and features combinable with those described
herein may be found in the following U.S. patent applications filed concurrently
herewith, entitled “DISK DRIVE TESTING”, with attorney docket number: 18523-

20 062001, inventors: Edward Garcia et al., and having assigned serial number11/958,788;
and “DISK DRIVE TESTING”, with attorney docket number: 18523-064001, inventors:
Edward Garcia et al., and having assigned serial number 11/958,817, the entire contents
of the aforementioned applications are hereby incorporated by reference.

The claims are not limited to the embodiments described herein.
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15760 passes through the face plate 412c and into an actuator slot 762 in the first sidewall 429a. As
shown in FIG. 35, along its length the actuator 760 has a cross-section that defines a wedge 764. The
actuator 760 is pivotable within the actuator slot 762 between an engaged position and a release position.
As illustrated by FIGS. 36A and 36B, in the engaged 20 position, the wedge 764 of the actuator 760
engages the\giMiny pOPAIPAED q&LIse the distal ends 755 of the spring arms 753a, 753b to extend
outwardly from the inner and outer surfaces 441a, 441b of the first sidewall 429a. Thus, the spring clamp
750 can be actuated by pushing and/ar pullin roximal end of the actuator 765 upwards (arrow 62) to
force a distal end of the aﬁﬂ?@%&%ﬁﬂ%g 9?%'?5 %eg%%m%%?%?%’fﬂ%'mstal ends 755 of the spring
arms 753a, 753b caotadsindeutetraticdnaghinesying éhgagetudisk dhGettrahsposiease position, as shown in
FIGS. 37A and 37B, VYhen the a tﬁlator 7! Oﬁas .bgen. rotfated to the rele?ﬁgé)?sitiondthe distal ends 755
are allowed to retragt> ur'd a\%\ "1¥& e, %ldlf (Sj'lrévlen Eﬁ%spgl%%{sléswgsitlo L,’v%ﬁ%e spring clamp 760
30retracted, raatisiketyyendfiecan be inserted into the frame 410c between the sidewalls 429a, 429b, as
shown in FIG. 38. antc%t%diﬁ]k %Ilri\gemG e%is g& ?r{t?dtic?itnhs%r{r mgiélklgclvtehe asctur écr)gg(?%can be moved
towards the engageg l;J)osi@on olglsp ace TREMS gngagemenet ember Jfrggapl%to OIftadt with the disk
drive 600 to cdatopedhd sti skidei ve G0 Gesigaat sivivessenapturelgtitie doskhdrivaicmpiiBes mavsignilar manner,
the disk drivgntr nsﬁ,p&rit%r t40r90 30 ﬁl} oebe clgm%qc\i/v / Htﬁhré %ig S(ir?\l/%t' 5Rr xam| (I)e a‘{‘éit a disk drive 600
in the Sframe 410t and With the ActUator in the release position;, the Bisk drive ransporter 400c can
be inserted imtachitesy.slot. With the disk drive transporter 400e in a fully inserted position within the test
slot, the actuator 760 can be pivoted towards the engaged position to displace the distal ends 755 of the
spring arms 753a, 753b to extend outwardly from the inner and outer surfaces 441a, 441b of the first
sidewall 429a. In th?s Jositizethdd ahelsierdnd/lengemtuatingibmbeo Fh6i ofabie epyingolaings 750 extends
outwardly fr 2 out é 441D of first sidewall 429a and engages the test slot, thereby clamping
the disk driv%@%%%&%%ﬁéﬁ iacrgngainst movement relative to the test slot. At the same time, the first
engagement member 756a of the spring clamp 750 extends outwardly from the inner surface 441a of the

first sidewall 4292 and engagag %adésé%i_jaﬁ%el?%é?’eH?ﬂépd?si”c]ﬁx?e‘%%‘é‘?@lo@oﬁ%?igéstQ‘Oveme”t

relative to the disk drive transporter 4
clamping mechanism operable to clamp the disk drive transporter to the test slot, and

further comprising actuating the automated machinery to operate the clamping assembly
and thereby clamping the disk drive transporter to the test slot after the disk drive
transporter and the captured disk drive are inserted into the test slot.

4. The method of claim 1, wherein capturing the disk drive comprises:
actuating the automated machinery to move the disk drive transporter into
a position underlying the disk drive; and
actuating the automated machinery to raise the disk drive transporter into a

position engaging the disk drive.

5. A method of testing a disk drive, the method comprising:

actuating automated machinery to insert a disk drive transporter carrying a disk
drive into a test slot, and

actuating the automated machinery to operate a clamping mechanism and thereby
clamping the disk drive transporter to the test slot after the disk drive transporter and the
captured disk drive are inserted into the test slot.

29



Elements of different embodiments may be combined to form combinations not specifically described
herein. Other details and features combinable with those described herein may be found in the following
U.S. patent applications filed concurrently herewith, entitled "DISK DRIVE TESTING", with attorney
docket number: 1 8523- 20 062001, inventors: Edward Garcia et al., and having assigned serial
number11/958,788; and "DISK DRIVE TESTING", with attorney docket number: 18523-064001,
inventors: Edward Garcia et al., and having assigned serial number 11/958 817, the entire contents of the

aforementioned apBlicatioh8&mE MLl Slis poPIi§ 1By rLRTEH A G MAC e M GO MATIEF to the
embodimentgcelesiiinerbbetieisrmWVHAT IS CLAIMED IS: 1. A method of testing a disk drive, the
method comprising: actuating automated machinery to engage a disk drive transporter; capturing a disk
drive with the disk drive transporter using the automated machinery; and then actuating the

automated machingry to inseriib@ i diive Banseetebmpeishe) coniating tiskdoiyatéto a test slot,
wherein capturing the disk drive comprises mo%&he disk drive transporter into engagement with the

disk drive usTRf HRER 1o ANARRE AhE GiaHENNg ass PRI CRIRTRY {ElisthAMBiating the automated

machinery caamgfsasrastthatigaelgitr aive. 3. The method of claim 1, wherein the disk drive
transporter comprises a clamping mechanism operable to clamp the disk drive transporter to the test slot,
and further comprising actuating the automated machinery to operate the clamping assembly and thereby

clamping the disk dgive transpetied f thaépstimgtadietithesickestisylimesperiod aoehphigiagptured disk
drive are inserted into the test slot. 4. The rBethod of clairg ]ﬁgv%rein ca@%gingéhe disk drive comprises:
tHaF b

actuating the automated nﬁ‘&%@%"m%\? {H%CHiEEfMﬁ\'? oMtV iR fSh underlying the disk
drive; and  transp@eénatingiticadironiskedlivabbinesy tofirisedhaotighadriadiagspersar A a position
engaging the disk drive. 5 A mg!tghod of te%in &é!disk drive, the method. comg{\t\iin% ctuating
automated machinery to iASERUPGCIE GHIRMAL P‘éﬁ’rﬁ;‘,’iﬂﬂ%%%&%?l()@'ﬂ%ﬂ Be%Ad

actuating therauthendiskddmactiingpoteoaelatepadtanieifigstuishaniamiancgtherehyesiebapirgrihe disk

drive transpaorter.to the t?st slgt ﬁft r the disk drive transporter and the captured disk drive are inserted
into the test g]gtﬁrst test slot and the Toading station.

9. The method of claim 8, wherein moving the disk drive transporter between
the first test slot and the loading station comprises moving the disk drive transporter
carrying the first disk drive from the loading station to the first test slot.

10.  The method of claim 8, wherein moving the disk drive transporter between
the first test slot and the loading station comprises moving the disk drive transporter

carrying the first disk drive from the first test slot to the loading station.

11.  The method of claim 8, wherein actuating the automated machinery to
operate the clamping mechanism comprises clamping the disk drive transporter to the
first disk drive prior to moving the disk drive transporter between the first test slot and

the loading station.

12.  The method of claim 8, wherein actuating the automated machinery to

operate the clamping mechanism comprises clamping the disk drive transporter to the
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6. The method of claim 5, wherein actuating automated machinery comprises actuating a robotic arm.

7. The method of claim 5, further comprising actuating the automated machinery to engage the clamping
assembly and thereby clamping the disk drive transporter to the captured disk drive. 8. A method of
transporting disk drives for testing, the method comprising: actuating automated machinery and

thereby movie: ajidickriliévas HRNGIBRIAEN EaFaMipD Refifistadinl bR Pabieah alirftdestsipand a loading

station; and actuating the automated machinery to operate a clamping mechanism such that the
disk drive trdf s @UARed to the first disk drive during movement between the first test slot and the
loading station. 9. The method of claim 8, wherein moving the disk drive transporter between the first
test slot and the loading station coméJrises moving the disk drive transporter carrying the first disk drive

from the loading statfon to tA RRPAELTHRIM 8, TR SHMBIHYIADF claim 8, wherein moving the disk drive

transporter between the figghigghgltedohattenditg ipkaiiad cpsrnEses dnRayingthrdiskisgtive transporter
carrying the first disk drive from the first test slot to the Ioading station. 11. The method of claim 8,

wherein actFREHYIHORHASATRIGHIBR FIRE Q7RG SRR B TAXNIRS 1Y Tk A4 RBhiHS es clamping the

disk drive transporter to thesfirairjskeinernsiet iodoevirg therdisk e \dsk ansrartespatercst the first test

slot and the 3I:ﬁgl jn?1 t??é%n ) 125 Trﬁe meth%?d of claim 8, wherein actuating the automated machinery to
operate the S&Mpi @ NErlid 8 IR ¥&imping the disk drive transporter to the first disk drive as

the disk drive transporter is being moved between the first test slot and the loading station. 13. The
method of claim 8, further comprising: . ctuating the automated machinery to operate the clamping
mechanism and thér%by uFE?a ?H)é? ectﬂgn a%hfi!Eﬁﬁ?ﬁ&?%ﬁ&ﬂﬁ%@%ﬁ%&%%@%ggnd then

actuating therautineaied opachingiydarisad ieettislooirivel tirnspp orRntie disk diskedrive into the first
test slot. 14. The method. of claim 13, further,c rising actuating the gutomated machinery to
operate the SRR RIS PRI EHEb e R HRoR A S AT LA USSR oot siot afer
the disk drivintatspiottetharfitshedirdodisk drive are inserted into the first test slot. 15. The method of
claim 8, further comprising: actuating the automated machinery to operate the clamping

mechanism and thereby unclamping the disk drive transporter from the first test slot; and then
15.  The method of claim 8, further comprising:

actuating the automated machinery to operate the clamping mechanism
and thereby unclamping the disk drive transporter from the first test slot; and then
actuating the automated machinery to remove the disk drive transporter

from the first test slot.

16.  The method of claim 15, further comprising:
actuating the automated machinery to operate the clamping mechanism
and thereby unclamping the disk drive transporter from the first disk drive prior to

removing the disk drive transporter from the first test slot.

17. The method of claim 8, further comprising:
actuating the automated machinery to operate the clamping mechanism
and thereby unclamping the disk drive transporter from a second test slot; and then
actuating the automated machinery and thereby removing the disk drive

transporter from the second test slot.
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actuating the automated machinery to remove the disk drive transporter from the first test slot. 16.

The method of claim 15, further comprising: actuating the automated machinery to operate the

clamping mechanism and thereby unclamping the disk drive transporter from the first disk drive prior to
removing the disk drive transporter from the first test slot. 17. The method of claim 8, further

comprising: Rctuating thetrsdasmalgthachiRREY ¢orApesals cRenaRIy Bhedirsegiarpig U and thereby
unclamping the disk drive transporter from a second test slot; and then actuating the automated

machinery aH@Th&IRAE3 SiAHETME Rt SRR FEIRRP ATt YBeYINg (6 dfkk drVe 18, The method
of claim 17, fyiRpseaniising sapmingtthieditehelisk davedqmi aiaaiina aatieshpiidhe disk drive

transporter after removing the disk drive transporter from the second test slot, wherein capturing the first
disk drive caRpAEBLNR B GrNE BRISRATAS IR EPBRASTARS WHE BB HShE WA g #A%HK drive using the
automated nageiiaesy-machl®ryhe method of claim 17, further comprising actuating the automated
machinery to operate the clamping mechanism and thereby unclamping the disk drive transporter from a
second disk drive, and wherein removing the disk drive transporter from the second test slot comprises

remﬁvic?gfthle disk dlr?le ;ramﬁ@m&haﬁwbmﬁhm%mm diﬁhpﬂgvmfﬁé?aﬁm@giﬁ@a?‘tbtﬁﬁﬁeabt- 2hO. ghi
method of claim 19, further comprising actuating the automated machinery. and thereby moving the dis
(vt o R ) 1 P BSEALE T R VB DA WMl SIS ARG GG Fing ation. and
actuating therawporricflomactioeny tiskriAeane elrmmngmeethatismiskighveabipdtisk drive

t ter is cl ditot d disk drive durj ( ts bet th ( test slot and th
oacing st TRSECORL RS O By S AHTLY ElRBAENG GeAobe e AUtb e machimery o

insert the digkdbivedisknipa eoantdbecsagaesd sligk drive into a disk drive receptacle at the loading
station. 22. The method of claim 8, further comprising: actuating the automated machinery to
insert the disk drive transporter into the first test slot; and then actuating the automated machinery

to operate the clamging meshawsodestct ieneldy tlempicenipdsitigkadiivé itpthepeitenitethe first test slot
after the disk drive trans oFEer bs inserted jnto the first test slot. 23.A method of tra, ?Ec%n?? disk drives for
; i

testing, the rﬂ@ﬁ%'&e% ﬁ{ﬁ. y moving, ﬁﬁ%dém%wng@ﬁm@&gé 5| a disk drive
transporter dsytystn ehbirsicdisktdstvtopahuera ladiisigtsiatisiotanad a second test slot; and actuating

the automated machinery to operate a clamping mechanism such that tr\g disk drive transporter is

clamped to the first disk dAVUAUNRY SAVER BERILENER SHetede SRRt o st est siot
such that the disk drive transporter is clamped to the second disk drive during movements
between the second test slot and the loading station.

21.  The method of claim 20, further comprising actuating the automated
machinery to insert the disk drive transporter and the second disk drive into a disk drive

receptacle at the loading station.

22.  The method of claim 8, further comprising:
actuating the automated machinery to insert the disk drive transporter into
the first test slot; and then
actuating the automated machinery to operate the clamping mechanism
and thereby clamping the disk drive transporter to the first test slot after the disk drive

transporter is inserted into the first test slot.
23. A method of transporting disk drives for testing, the method comprising:
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24. The method of claim 23, wherein actuating the automated machinery to operate the clamping
mechanism comprises clamping the disk drive transporter to the first disk drive prior to moving the disk
drive transporter between the first test slot and the second test slot. 25. The method of claim 23,
wherein actuating the automated machinery to operate the clamping mechanism comprises clamping the

disk drive transporter to thafirgi st tivaapriaenihsky et iaBsp fitRing BeIRE appeed between the first
test slot and the second test slot, 26. The method of claim 23, wherein moving the disk drive

transporter BEQWQQH%@aﬁ%m§tf£rﬁ5tdéﬂﬁcjﬂ'ﬂ\éest?§&3(ﬁ8”té§fr§H€E‘c§r§%ﬁ§@§ sreontierslatdbtive transporter
carrying the first disk driveatoptitigari sutertastat irumaris the greatct teshiitlg mechéniEhestrgthod of claim

26, further comgrising: actuating the automated mach_ine[éy_to operate the clamping mechanism
d

and thereby YREIRTHGCIE dTARBAVE 3 ALPORES R o THE! HSK Y e Y RddMpGment DetWeeR ating the

automated nagchiRetystelirmavthr sl dgvedtansporter from the first test slot. 28. The method of
claim 27, further comprising: actuating the automated machinery to operate the clamping

mechanism and thereby unclamping the disk drive transporter from the first disk drive prior to removing

the disk drive transparter frpgtenfissotesimals, wheth ddigameihpe nitelaaadhabnitiigy emprising:

actuating the automated machinery to gperate the clamping mechanism and thereby unclamping the disk
v tramsp QREFAFUITE 12 THAPRTOR ARG A TRERES cIa D A e AREREESL R ery (@ insert he

disk drive trfiyspaidRiopivg prifitethaiskndrivie diR dnievsaanssbiestisioteen tROfikbesnsitiem®f claim 29,
further comp%inﬁgcgﬁéuating the automated machinery to operate the clamping mechanism and thereby

clamping theis dh gborter to the second test slot after the disk drive transporter and the first disk
drive are inserted into the second test slot.

25.  The method of claim 23, wherein actuating the automated machinery to
operate the clamping mechanism comprises clamping the disk drive transporter to the
first disk drive as the disk drive transporter is being moved between the first test slot and

the second test slot.

26. The method of claim 23, wherein moving the disk drive transporter
between the first test slot and the second test slot comprises moving the disk drive
transporter carrying the first disk drive from the first test slot towards the second test slot.

27.  The method of claim 26, further comprising:
actuating the automated machinery to operate the clamping mechanism
and thereby unclamping the disk drive transporter from the first test slot; and then
actuating the automated machinery to remove the disk drive transporter

from the first test slot.

28.  The method of claim 27, further comprising:
actuating the automated machinery to operate the clamping mechanism
and thereby unclamping the disk drive transporter from the first disk drive prior to

removing the disk drive transporter from the first test slot.
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29. The method of claim 27, further comprising:
actuating the automated machinery to operate the clamping mechanism
and thereby unclamping the disk drive transporter from the first disk drive, and then
actuating the automated machinery to insert the disk drive transporter and

the first disk drive into the second test slot.

30.  The method of claim 29, further comprising actuating the automated
machinery to operate the clamping mechanism and thereby clamping the disk drive
transporter to the second test slot after the disk drive transporter and the first disk drive
are inserted into the second test slot.
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