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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.



support a disk drive. The frame includes a pair of sidewalls configured to
receive a disk drive therebetween and sized to be inserted into a test sl ot
al ong wi twoaoavwidri ve. The frane al so i ncludes a cl anpCng/Sa®sl08¢185 m
operatively associated with at | east one of the sidewalls. The cl anping
mechani smincludes a first engagenent elenment and a first actuator operable
to initiate novenents of the first engagenent elenent. The first actuator
is operable to nove the first engagenent el enent into engagenent with a
test slot after a disk drive being supported by the frane is arranged in a
test position in a test slot. Enbodi ments can include one or nore of the
followng features. In sone enbodiéw, e first actuator is operable to
nove the first engagenent el enent éﬁéggenent with a disk drive being
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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 some enbodi ments, the first engagenent el ement includes a danpener. The
danpener may include a danpening material selected fromthernopl astics
and/ or ruwbepidgvnsets. I n certain enbodi nents, the fi PET/USa@agyssmwnt

el enment includes a spring clanp. The spring clanp includes a base portion
and first and second spring arns. The first and second spring arns each
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Second RN ETSREE TrBLERBugLAERE i th a di sk dr ve being Supported
by the frane. jnl Rrighr dnbddiaeedhdBAt sctudtbeincludBigoR@ediedySdRtdndalgudes a
second engagenent
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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el ement, and a second actuator operable to initiate novenents of the second
engagenent elenent. In sone cases, the second actuator is operable
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engagenent elenent. In certain cases, the second actuator is operable to
nove the second engagenent el enent into engagenent with a test slot after a
di sk drive being supported by the frame is arranged in a test position in a
test slot
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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 frane
configured to receive and support a disk drive. The automated machinery is
conf i gur edot200wsb®asabl y engage the frame to control noverarseoosfnsdiBe di sk
drive transporter. The disk drive testing systemalso includes a | oading
station for storing disk drives to be tested, and a test slot configured to
recei ve and support a disk drive transporter carrying a disk drive. The
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i ncludes_a c|appi.ng mechani.sm |In. sone cases, the cl anpj ng. mechani sm
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the first actuafor 1S operable to nove the first engagement elenent into
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frame is arranged.in .a t?lst gosi i?)n Ln tthe tﬁst gl ot. In certain cases,
the aut of EHTHHRREAFIFaply cg ?ﬁef‘%)]ﬁ g dhe BRTREF Sac8B&Pat i on of the cl anpi ng
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t r anspor fitsnget@atol is lopeiiabMao andeftley 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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mounting a disk drive within a test slot, includes a frane having a pair of
sidewal I s configured to receive a disk drive therebetween and sized to be

i nserted wotoos79®st sl ot along with a disk drive. The Prars2@888618ncl udes
a base plate connecting the sidewalls. The sidewalls and the base plate

t oget her define a substantially U shaped opening for capturing a disk drive
off of a support. In a further aspect, a nethod of testing a disk drive
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the disk drive transporter to the test slot after the disk drive
t r anspor datuwatingdhd heoroatpd uragbindiystk ogeiateetha clenmipnygasseublyrand thdrebst est slot. In

certain enbodi nents, .capturing the disk.dri.ve.includes actuatin he
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undeyq y'é%t&r@@digk8Kv95ﬂe\4§éert_@&%t@@ﬁé&@it!sﬂ_ﬁ. the automated machinery to raise
the disk drive transporter into a position engaging the disk drive. In

anot her aspech cegaimeeniwdiroénts, egptunige shegliskdriive eluflescctngting drerawamated

aut omat ed chinery tq ipsert di I L. . rryihng. a. di sk
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test slot after the disk drive transporter and the captured disk drive are
i nser t edenigagivgtiedislediivas| ot . Enbodi nents can include one or more of the

foll %W g feafufSfier 5&)6&9gﬁlethod 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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enbodi nents, actuating autonmated machi nery includes actuating a robotic
arm In certain enbodinents, the nethod may include actuating the autonmated
machi ner ywoco@ngazge t he cl anpi ng assenbly and t hereby clrarfiSagsiobasdi sk
drive transporter to the captured disk drive. In a further aspect, a test
sl ot assenbly includes a test slot and a disk drive transporter. The test
sl ot includes a housing that defines a test conpartnent, and an open end,
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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



configured to receive the sidewalls of the frane therebetween. In sone
cases, a first one of the upstanding walls includes an engagenent feature,
and t he fwo=boergmgenent el ement includes a protuberancectarstéogusad t o
engage the engagenent feature. In sone exanples, the first actuator is
operabl e to nove the protuberance into engagenent with the engagenent
feature after the sidewalls are inserted into the test conpartnent. In

still angther aspect test slot assenbly includes. di sk drive

o1 anspor Mo B e el T Sadefh BRFTRrd By IB Fisk oke oS ¢ are
confi gur @ded Beld@kairme tanchcep ROhterRd Gh Gl¢ tekt icw@parlentf r ame i ncl udes a pair
of sidewalls configured to receive a disk drive therebetween, A first one

of the si dewal sfugder spsctaa piak drivaicstpghsiaser inghides THEmAEAMaTYIngsf ies a
test conpart n?gfskfd%/e féidportbl! Irif SPWQEMS?&T&%CIQAC%% 4 ev&ntﬁ:%@ﬁﬁpftg rter,
and an open end providing access to e test conpartnent ftor irsertion and
removal fkeitvbandliwgplpoiral disk drivaensiherdiskrdrivEhmantgster slsotindhskemblammhso i ncl udes

a first engagenent el ement nounted .t he housing. The first engagenent
el enent &C W-gﬂ?eeﬁa‘flﬁméﬂ"éﬁﬂmﬁfﬁr‘ R 1r5tae§1g@ng%ﬁﬁn§ﬁgla{1§?%rgo engage

a di sk d5&%&0p@;{efaib?@'tolqgﬁfa&%ﬁm&n@g{sfwﬁe hfs@ex?r%%te&l@ﬁt MRt TRe didknatitii ve

transporter is inserted in the test conpart . Ina further aspect, a
di sk dri mechiratyiinepndigstedrto icontral dpsration oftie ethmmmodinechrapisand a di sk dri ve

transporter. Ih i sk drive transporter jpcludes. a . frame configured to
recei ve and sg’ﬁ’BB{ji’fneﬁtSo‘iagkn%‘f‘i{e\@e OfﬁéorﬁPtE‘eﬁl?%ngtf%gﬁﬁr_ "8 so i ncl udes
a cl i BeLIEHRARI BEhubhftl ALIRINey [FROAARISI] REJVARS efualt ISt fran@agenment

el enent, and a first actuator operable to initiate novenents of the first

engageneqmtel mepement T ¢hedisloduyedanspetirnery is configured to control
operation of lt hc%gtcinae Iorgi?mgxﬁg Qﬁ‘é" guﬁmm t%HJ%) %h%{v 1%01%@?5 zilQ)%loydﬁneor'agotor mor e of
SR U eSO MOdI ment s,

the foll ow ngnf sone” e he automated machinery is

confi gur gdy iR ludlaasadabl Lmgage rhiigpdlidntorneced id thelmemuigieanh. of sdohe di sk
drive transporter In certain enbodi nents, the automated nmachi nery incl udes
a robot . capeis ersBamPleaihei MalRIlaloRISRODE YRS toseiasily engesathisUrarel0 connect ed

o4 TRAREEh P PRI USESERob Rl SHRBLE e TBMALGE LS
drive trgmesghde tossontrbhosmatnenfaingpélespingmeechramspul at or i s
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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operable to control operation of the clanping nechanism |In sone

enbodi nents, the frane includes a face plate defining an indentation

conf i gur ealot20099929¢| easabl y engageabl e by the aut onmat ed PoRAIS2008/0§6181 N

anot her aspect, a nmethod of transporting disk drives for testing includes
actuating automated machi nery and thereby noving a disk drive transporter
carrying a first disk drive between a first test slot and a | oadi ng
station; and actuating the automated machinery to operate a cl anping
mechani sm such that the disk drive transporter is clanped to the first disk

drive during FyEEBMBREMERE dehatifg hetautdSdtedmathiaad té beerhteat ng st ati on.
Enbodi nents can include one or nore of the followng features. In sone

enbodi ne¢lempingmeshanismrindnirslarering therdisk e trrasprrtdk tQitieEst dgdndper t er

bet ween the first test. sl t i t [ mvi ng the

di sk dr i QAT gr,ogb%tﬁéél%éﬁlﬁgﬁﬁgsqﬁgr pABELT T ANLR Tl R SR ng
station §taidhe first test slot. In sone enbodi nents, noving the disk drive

transporter between the first test g&ot and(ﬁge |.oadi ng station includes
movi ng the di §ksog1E srbadimadpSetuanng Bedplompteh@achingy (QPR%19 S e from t he

first t eaamgi %tmécﬁaxtligr‘?\ ihaa&iés%%@iﬁgt rliiék”dr‘?x%rth?a'sl?}@er?ém@ﬁie%@ttcﬁsk agfuat i ng
the aut orat edCmac Inery to operate the cl anping chani sm 1 ncl udes cl anpi ng
t he di skasdhé dsktdriaaspospoeer is detngendved detvaies khalfirsy estriotomdttiee lwedingg t he di sk
drive transporter between the first test slot and the |oading station. In
sone enbBdHent s, actuating the automated nmachinery to operate the clanping

mechani sm i ncjudasintdndBRinehtt, 1Be Mefld didlvds bERREROME AutohitddBadHifey di sk
drive as the disk drive transporter is being noved between the first test

sl ot andtotdperatotdichgnmsr@micdranisnanskthereby vasibodingshe disk drige frerspoden ncl udes
cct el G B STELES TR Okl R RS PSR SRR PR, ond
and t hengraed thakpditer bhe tauienatiediveiaty the fiysttst 5106 dhe nidilgodinakalds i ve
transporter and the first disk drive into the first test slot. The nethod
may al soinclude 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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i ncl ude actuating the automated machinery to operate the cl anpi ng mechani sm
and thereby clanping the disk drive transporter to the first test slot

af ter thewdi2edo/idpigve transporter and the first di sk driweTarseonsnsast ed i nto
the first test slot. hi sone enbodi nents, the nethod includes actuating the
aut omat ed machinery to operate the clanpi ng mechani sm and t hereby

uncl anpi ng the disk drive transporter fromthe first test slot; and then

actuatin e ayt gmat ed chinery . to renmove. the disk drive transporter from
the 11 rothe]idSy AhaRHRe adREN A B S TR i et Bl B e et 1 ng
the aut offRfS u'i"f@l@ﬂipﬂ?ﬂ/le Rk ARPEE &afsgoRer fbRAMIebehdESIaN & Ranéhiheiceby

uncl anpi ng the disk drive transporter fromthe first disk drive prior to

r enovi ngdiskdrige Frnspeiteerem drssepndiestsle pompasesrewpvingdhe dislodrive n' cert ai n
o 4 ! ' . .
embodi ”e{}%rgspg{terecaprﬁrfn%ﬁge %&%(‘1’ dge dg&f% ﬁ@}ﬂ @9 sé&ﬁfi ALt Qupt ex’f(gtl‘ﬁg{i( ;}%&y to

operate anpi ng chanism an reby uncl anpi ng ive
t r anspor hles idch@iadtuaee®ihd auesiatal @hchiaurg ahdérrébgtmating thetdidk divteormat ed

machi nery and thereby renoving. the disk drive transporter frqomthe second
test sl o%;?nspﬁ“%fd%%yﬁgéé%?eCPﬂ‘égW%thBE%%tf“@B“ g e%é[ﬂ* apd Htj% §irst disk

drive 1 amidd)end RAGLNE AL BibAAMARNIAE, fl erdld i(R1AEARE RRER BRI

1
renmovi ng t e transporter fromt second test slot. Capturing
t he fi r sthatlihsklisdtrdrive tiansgonces amupadgo ttiesedoskdidk idnrec durargspovdnents nt o

engagenent with the first disk. drive usin he aut omat ed chi.nery. In sone
ot e<betphe thestioudarL sioheid LG Rty 1 ReRa et REHIAS ¢ o

oper & e j gt ARPINIMARE haih S0 dndchane Bk UAGE BARIpOEC! 4 tHe Sdcofld HMR
transporter froma second disk ‘drive. Renoving the disk drive transporter

f r om t hedwexiotida dik driv¢ tacepiactp i the doadingfating. t he di sk drive transporter
carrying the second disk drive from.th - T et hod may
al so incl ude cﬁoaheteinﬂ?go dl“ﬁ%nt%ﬁﬁe me&‘é’& ae e%%gt%gm%%%taﬁ!é)%%ed 'ggc}l%erp?%

ona nachi ner Yy novi ng e disk

drive traR&peetdik driertitinggbridhents ot wWitstotdindvierbadtineion thhautsiparedd t est
slot and the |l oading station, and actuatin he aut omat ed machinery to

oper at e Rehiesraip PRGTEhhelampinedueRaripgand %lgrehysqéalapmgéhq dighep¥iter is
RS ROl TR LR pera ot
the autostet ed machinery to insert the disk drive transporter and the second
di sk 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.
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drive into a disk drive receptacle at the | oading station. In sone

enbodi nents, the nethod includes actuating the automated machinery to

i nsert theodoek7edove transporter into the first test slpoT/USand/ osé18n
actuating the automated nmachinery to operate the clanpi ng nechani sm and

t hereby clanmping the disk drive transporter to the first test slot after
the disk drive transporter is inserted into the first test slot. In a
further aspect, a method of transporting disk drives for testing includes
actuating autonated nmachinery and thereby noving a disk drive transporter

carrying a finSdertdinsdmibdimentbahyangthd didk drivelteabpdiedbet@itdn ehesfasomst t est
slot; and actuating the autonmated nachi nery to operate a cl anpi ng nechani sm

such t hatlotand the sgeond fesesletriaplygesrmeying hecdidkniaes tFanspeter Lprgng dhsirstr i ve
duri ng TRV URDL Bl FHEREE LAEaibd ey set%hlg& eg‘t]nsﬁott h s&?g onds ttﬁé&e&'oat

Enbodi nent's can I nc ne or nore o ow n eatures. In
enbodi medlssincludes ssti@ing therbadinaed insachmetyudtdpetd the camtmm@mechammhambr y to

te th | ; | ud | i th d t t
O he 1 TPy UneRmAMEIBe ek GrivE b AABoT G oA E et To/atd WAL ATFRUIE Dot weern
the fir S%e%ﬁ@&na%éﬂna&ﬂ?er%&?reﬁ%@% disslriwd Q%SFJ)I’?erSPFU?E RSN S The

actuating the automated machinery to operate the clanping nechanism
i ncl udesmelhadmaygﬂiol"lecldds Retdatingghe alanmptﬁdtrmchtn@r)t foepkiatsthediamiping i ve as t he

di sk drive trans S n en the sl.ot and the
second t‘é‘§‘fha§1‘58’t ‘Er(?PYﬁP a‘@ﬁ%&&?‘fr@dlfa %‘?Sﬁﬁn?rtéorﬁﬂéﬁégrﬁfél\/}édw ansport er
bet waen ﬁﬁ@t&'rérﬁ&vxﬁ%&fecﬁékodn@f’tﬁhnts o @oathe tfRGttesskiot. i ncl udes noving the
di sk drive transporter carrying t first disk drive fromthe first test

sl ot towards tremsecsdmdimends, the @fﬁthod mnadestes apthgiing the lﬂémﬁwfﬁdda(ém%y fhcl udes

actuatin e .aut onat ed Chl n l and

t her eby %??Eqn hﬂn?lﬂénbe %m%nl%%%ﬂ*e?%&g%o?#@ htr 8%11 | rgﬁ%?t% {&Eﬂ and
then act matﬂrgtghmm@umrmeleabmﬁﬂgl thefijtoinatel enatiectihe 1ﬁ|$e$tkth€l disk@rive anspor t er
fromthe first test slot. The nethod may al so include actuating the

aut omat e@awa@qﬁcrrr@@flth @Sbﬁ!}élf drige {n%th@saqﬁg,\fiﬁﬁt 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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mechani sm and t hereby uncl anping the disk drive transporter fromthe first
disk drive prior to renoving the disk drive transporter fromthe first test
sl ot. | n wormosnthaedi nents, the method includes act uati ng@Crhms2@sossmat ed
machi nery to operate the clanpi ng nmechani sm and t hereby uncl anpi ng the di sk
drive transporter fromthe first disk drive, and then actuating the
automat ed nmachinery to insert the disk drive transporter and the first disk

drive into the second t?s slot. |n sone eéa |l es, the nmethod al so includes
actuating t heFSufdnin epledrdmcrprsiee 1opef ALEKERNC SRSTRY nechani sm and

t her eby cl anpgRg 9ti§‘§89xis?éé:ti% WGy b AORRBILShechinike second test slot after

the disk drive transporter and the first disk drlve are inserted into the
second test sFKiS. 1TAeinddOBidres pakpatiee srewsof e spipdampnt s of t he i nvention

are set forth ch? Ehe accongan .ig/g ra\/\%ng’s and the description below G her
features,_obj]é - HhBCTERATARE 5G¥s> S F& ™ nvention will be apparent from
the descriptipzand Adnawipase padsbclivO et f 6 ldak iive BENEIRIRT aNe OF DRAW NGS

FIG 1 is a perspective view of a disk drive testing system FIG 2Ais
perspective vF&.dBAal 32dlusiraekhe Fspanbiy of ¢ diskdistvgit1ageposist spect i ve vi ew of a
slot bank fro .test rack of . . Fl IS a perspective view of a
test slot assgir%lqg.ls ﬁ%@ecﬁxeglﬁ{%gdé@%\geﬁgﬁr% ?Ijtt:&'vi ews of self-test and

functional tepIG ¢5AGHE bécyiondd $had viesy adiple iR peranspertsr veith sfrirg dlaapk ist at i on.
FIG6 is a perspective view of a tote and disk drive. FIG 7 is a schematic
vi ew of 2D @E&REUPISUE™: esting system FIG 8 is an expl oded perspective view

of agli sk dri s EANSRALALRLS vifW Bt ofle LR sPERSARALE ¥ERIA YACT a clanping

mechani sm are Berspect e vie of a spring clanp. FIG
11 i s a perspBKlil¢8 ivh eswtiohedyplameicuatior disk-iGS:. traR@portardvillPPriagelqpgrsspect i ve
views of a disk drive transporter frame. FIGS. 13A-13D illustrate the
assenbl y? 8isengaged RO e t ransport er.

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.
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FIG 14 is a perspective view of a disk drive transporter. FIG 15A is a
sectioned plan view a disk drive transporter with spring clanps in an
engaged puoIi200901929pF G 15B is a detailed view of one of wrhe/tspensngsisl anps of
FIG 15A. FIG 16A is a sectioned plan view of a disk drive transporter with
spring clanps in a disengaged position. FIG 16B is a detailed view of one
of the spring clanps of FIG 16A. FIGS. 17A and 17B are perspective and

pl an vi ews of i,sk drive transporter .s ortin di rpve. 18 is
D ohan vi ow of T2t &b ariestit Ao FedREREY banbs e woeShe S and oy, “Son
is a pergppelting Hleywf a test slot. FIG 19B is a perspective view of a
test conpartnent fromthe test slot of FIG 19A. FIG 20A is a plan view
showi ng a di skIG.i20é is p@respestivervievs shspong i digkalrigie slensnortgeinserigsldpadesti n a

t est slogl.tFIG 20B is a detailed view of a spring clanp fromFI G 20A FIG
2 1is a>Schematic illustration of a disk drive transporter capturing a

di sk grive frprsascBat planFidw shdrvihg a disRelkisp @ahipoter seppodiinga el drist,ot
assenbly, FIG 23A is a perspective view of a test slot. FIG23B is a

per spect Ietsdiaw tett stt est conpartment fromthe test slot of FIG 23A FIG

24 is a perSp?ﬁé.\Q@fxvdgﬂ‘gggfar@P&{s/ tkf@gie%@roifg%sérdr%'tra%%réﬂd 25B are

perspective views 0 sk dri ransporter. FI G 25C I's a perspective view
of the di sk dFiv@8tis apapmictiee vielv dlaGprin@ slangnd 25B supporting a disk drive.
FIGS. 26A is rspective view showing a disk.drive transporter inserted
in atest sl O?I_(E 39 1s a perspective view of a clargpmg assembly. P
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 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 di sk drwoeotwasdporter. FIG 28 is a perspective vi ewPofi/us2@8/084181 cl anp.
FIG 29 is a perspective view of a clanping assenbly. FIG 30A illustrates

t he cl anping assenbly of FIG 29 in an engaged position. FIG 30B
illustrates a clanping assenbly 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 show ng a disk drive
trgnsporter, supporting a disk drive, inserted in a test slot. FIGS. 33A
and 33B are perspective vie f a di i nsporter. FIG 34 is a
perspective view of a spri n\éﬁgﬁéﬁ]pEBFﬁésgkﬁéiléﬁsergpecti ve view of a

cl anpi Ngs As&E MRIeWiek! G 36A is a side view of a disk drive transporter
showi ng an actuator in an engaged position. FIG 36B illustrates the

cl anpi ng asseAbklovef inFfIG. 13&disk deire taaagesteposd tricbides FpEralgyaffost a si de

view of a di rive transporter, shown n uator in i sengage
bost 13 ontick B0 §2n T 1 3R8 R n & AR A ZELL A b R R5R9RRCE

di sengageGPA 4ddaB, ebtiIedGatis 160 PERLAPLL pluydity bENotBankh €1 (0 iagK esihi @
transporter of FIGS. 33A and 33B supporting a disk drive. Like reference

3 nbol s Ob/aqﬂqlﬂé holsi agluralibyaeditegy slot pssembties 130« eAsethemrp § 19T ApeIESS YR PTI ON
stem [ Vi i: i j ' 0 includ
a plural Y %/mie)lg'wt‘z@g?a?(ge\g%sdl%@v(%et.raél.sl?&&eg|4t6 Q%‘?‘f %gegkgsl&: dc?n\h%}%y(gglﬁe%ﬂa i nlgnc Hees
stati on £283pom&rdi0a is adedtfoSaPturAg ddkodives B0G(IEE. 62&. anfloABhe badingt est rack

100 includes a plurality of sl nks 110, and e
10 station) ancFI) for transpo%ting the d(l)SH( &%e 6%)0 to one otrI the te%‘? srlotssl5%6 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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bank 110 holds a plurality of test slot assenblies 120. As shown in FIG 3,
each test slot assenbly 120 includes a disk drive transporter 400 and a
test sl otwbQ009/0Th@odi sk drive transporter 400 is used f@CcTaspeososagl di sk
drives 600 (FIG 6) (e.g., fromthe |oading station) and for transporting
the disk drive 600 to one of the test slots 500 for testing. Referring to
FIG 4A, in sone i npl ementations, the disk drive testing system 10 al so

i ncl udes. a one. co ter .130.in co ni.catign with the test slots
500, The e BB ACEr-Sagr iRl L BEATRY  trors pp sonad A Seftrol R erd) Cof ¢ e
di sk dri M@or@ﬁ’&e@ﬂﬁr&@ﬁerﬁ@oﬁﬁé ARRIdL9B tdsh©6stee 1 0. OTROBluktet cdnillei Bk drive
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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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interface circuit 182 and di sk drive 600 via universal asynchronous
receiver/transmtter (UART) serial links. A UART is usually an individual
(or part wb2am)o7pasvegrated circuit used for serial conmeoirastéosnssidver a
conput er or peripheral device serial port. The block interface circuit 183
is configured to control power and tenperature of the test slot 500, and
may control up to six test slots 500 and/or disk drives 600. Each rack 100,
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ATA, ATAPI, UDMA and PATA), SATA, or SAS (Serial Attached SCSI). As shown
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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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within the tote receptacles 212a, 212b. As shown in FIG 6, the totes 220
include a tote body 222 which defines a plurality of disk drive receptacles
224 (e. g.wo00%itezan) configured to each house a di sk dripca/uBe@s/o&ash of the
di sk drive receptacles 224 includes a disk drive support 226 configured to
support a central portion of a received disk drive 600 to all ow
mani pul ation of the disk drive 600 al ong non-central portions. Referring
again to FIG 5, the totes 200 can be | oaded thr?u the first tote
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600. After ot rm3 ri eves the rive
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slot 500 and returns. it one, of .the dis rive . rece |l es 224 at the
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second SPEiuAE a@LAEr 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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460a, 460b each having a proxi mal end 462 connected to the base portion 458
and a displaceable distal end 464. The spring clanps 456a, 456b can be
formed frwo2sévaepavet al, e.g., stainless steel. Between Ph@ius2@sozéianl and
di stal ends 462, 464 the spring arns 460a, 460b define a narrow regi on 466,
a broad region 468 and a pair of edges 470 therebetween. As shown in FIG
10A the first spring arm460a includes a first engagenent nenber 472

havi ng a ner 474. The, dappe 474 can be . fornmed fro [ST0e T
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wedges 4 recesses 483. The actuators 454 al 3o define openings 484
whi ch extestralbtB@0Ween fartseparativeg a emthectot en theuliskabres fi8la maBglvonyiictdarhei r

proxi mal _ends 48 t act uat or 54 incl.ude a tor ,sockets 486 which are
configur@ﬂt?%s@ég%ngﬁggéﬁfga ?ﬁgéﬂkd ﬂﬁ%k@?gﬁggﬁ%’gﬁwﬁgﬁﬂfpgﬁﬁing
noveyent wRfchlche aRGh YatiernSe 484k dakabby i the fiuhe 410ame 410. As shown in FIGS.
12A and 12B, the frane 410 includes a face plate 412. Along a first surface

414, the faceThs sidewdlszdepihdefings parimess- themneh ppertamise 43 hddnelaesitond 416 can
o7 st RO R BRIAGS Y S TR PR bPIe Bl 1 EARAUAE,QLALRLD. Wh O

al | ows obotic arm and nov rive transp er 400.

The facecqtedpehdidordl sfahd sieingdiangreisshetbcbdgesodiiéd withesach bethdipaks-dri ve
transporter 400 is inserted . into one of the test slots 500, the bevel ed

edges 41romhrnetige® bl Bresidernllagid absgdsiipapatpaiesslefedéf sddugéddsis of the
oo AU oty Sentp bt i e 0
12A and dgies b peir bf apeetuddsOi 38| velach exabutlegwaerpik firgfand second surfaces 414,
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
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sidewal I s 418, which extend outwardly froma second surface 420 of the face
plate 412, and a base plate 422 that extends between and connects the

si dewal | swo2809/0Thmosi dewal | s 418 and the base pl at e 422pcogstévsnsddef i ne a
substantially U shaped opening, which, as described in greater detai

bel ow, 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
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cl anps 4fh6pradimal 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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conpressed by the inner surfaces of the actuator slot 434 such that the
broad regions 468 of the distal spring clanps 456b fit within the

corr esporiDregosacpasat or sl ots 434. The distal spring cl arp3/u$2@is/086¢181 t hen
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
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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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the proximal spring clanp 456a is substantially fixed against further

| i near novenent within the actuator slots 434. Assenbly of the other

proxi mal wpr2oeg7eisanp 456a in on the other sidewall 4 1@Crasspesissised in
the sane manner. Referring to FIG 14, follow ng assenbly, the actuators
454 are each independently slidable within the correspondi ng actuator sl ot
434 and are noveable relative to the sidewalls 418 between an engaged and a
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454 out varlt S ERoa B e R B PR LM S B BP0 et e
Ey arg ovw;ﬁ&g.c(ljaéﬁpssctﬁﬁum%h of kKeSisK fviv eatnahspéifier 40D etiowhe thetiskidavs 454 have
een retracted to t rel ease position, the engagenent nbers. 472, 476 are
al I oved FEspets 00 ¢ be ala_f@gﬁ WHo& thedrst aet At S aeles wbE S A% 1€t he
act uat or sopdhe Ak SRRl Pofibi@P0 ahdAvit e 2dBatod1B0 ih g RELUGREOondS4 are in
the release position, wth the spring clanps 456a, 456b retracted, a disk
drive 600edsfalmvyetiadstonteir A0FEa®, beliiByrted amto ladedt sk p@@untilrt onnémtorf ¢ldrm 410
bet ween t he.sidewal |ls 418.. W.t isk driv 00 ., nsert LR.the. frame 410,
the act u@?g‘?si‘ dg?é’\g%géﬁl%f@ Wﬁ%lﬁ'ﬁq?sg\ﬁgf Wﬁﬂgr g%‘géé;&‘b"“ﬁb’é’l I‘tellg}ohgf‘oteyg]iﬂépl ace the
fi1sfy engaaameptycTRAREr 40Rid MMy GRRHBE hodidwithia (Hé ekt 6t 500 (BOOwiR cl anp
the disk drive 600 against novenent relative to the frame 4 10, as shown in
FI G 18. theWesk deivgagericidr toh 0 mpseddwith thertest glos oonneetee SEhnPerierstaay4>4can hel p
to inhibit .the transfer .of vibrati i [ r r 400
and the %ﬁnsq? ’H?Ye&‘z"% .Sthlf"h@é1 ga%erf"?})éﬁg{r&zl t%%f\ﬁggﬁthglﬁzgt a%gls%ceotntg eﬁg%#g{ esr%gt al to

netal comntmbérset WemL fiRes R dings £56p54 4568 extéhd butanedly fiendihs ke i ve 600.
Test Slot As shown in FIG 19A, the test slot 500 incléges a. base 510,

upstandiﬁg“%ﬁ@ﬁ@ﬁ@%ﬁéﬁzgfﬁgbQﬁgwﬁﬂk§ﬁuéﬂb&sééémﬁ“b%VB? ngigs in Efnp.  The
test 15SI OQOBE’,QIQ tﬂe%%tgﬁ'é{e%ﬁaogiti'bﬁ%e 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 movement relative to the
test slot 500. At the same time, the first engagement members 472 extend outwardly
from the inner surfaces 432a of the sidewalls 418 and engage the disk drive 600 to clamp

20  the disk drive 600 against 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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portion 518 and a front portion 519. The rear portion 518 houses a
connection interface board 520, which carries the connection interface
circuit D80 20000@294A and 4B). The connection interface Poau$2@308418C| udes a
ri bbon cabl e 522, which provides for electrical comunication 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

associ ated test rack 100. The connectjon interf d 520 al .includ
S act - SHOlBAHERL e CORIECTIR MBSOV o H5t help GeTir P nO R T on

bet ween {ReGoBMRALORsLINtOH QeHifs BdWkdn t%gaisiﬁréﬁiiv@tx@h en@fsim dnfl thdre test

sl ot 500. The Pront portion 519 of the test slot 500 fines a test

conpar t mestsl&d2 606 duringipedrtiom gndirethoyabyfahe disy dome tredspotiers 08 kwhich ey
transporiers 400, .The base 510, upstanding.walls 512a,.51 and the first
cover 5lé%gqnﬁéé?h%?ced@ﬁlﬂgatg“?aiﬁfgganobﬁe‘%ieéﬁbouéﬁ%,a“evgr%%%cq{wﬁ? %@?'des access to
t he tgest conpartnment 526 (e.g., for inserting and renoving the disk drive
transporter 400), and the bevel ed edges 515, which abut the face plate 412
of a di sMethadgel Openatigrt er 400 inserted in thetest slot 500 to provide a
seal that inhjbits t f oAl r ol . I Vi a
the first opeiﬁ1 uesr%oqggbg .th%s&géﬁ%‘ﬁr{lnﬁb&%s Q%ﬁ%&ﬁ%%&%@éﬁ?ﬁ t%ftg%tﬁg)%?est

g (2)r7TD<’:1\rN':1 rTE(Dr}I whi &;edrbb@t nost.an (Biy]@ab\baig the mki2atatibd 2bo dethe deskeinyagengnttef eat ur es
, ich provide mating surfaces for the spring, cl 456 456p of the

di sk dri 40 vith fhegprupilaigndl et Birorpt Y- dhs! luérfa}t%mtf“ﬁg”ﬁ §b»dg‘f @r’ﬂ% to be

cla d w 1 hi aé?g , o]V i | 600 in the

dis _rkmﬁr i é\‘/Ygeetnl%rH ans p‘gdr l%}g?ltejoﬁ%wgﬂgg\%s t taﬁgﬁgdclfzgtj Lt%t %wszgﬁﬁigﬁ%? kllglidr gfeas e

posi t i ongrotulthdidisk ditivieseppara2piarthetotdlD soahathe disk drive ttanspogerttlest sl ot

500 until connector 610 on the di drive 600 mates with.the test slot
connect oﬁfa“g?éﬂlo (g'lg_om t?’ﬁ“}l?ogc Wﬁgwlfcha PRRatQR e?itflio\l?g O? F}gr@%(o ‘6F 400 in
a fully kasgrhediPos. LM &N trdnlforte@ b0 shiPtheR B0 rdibodde.g. Wytthe tddetidi sk
drive connector 610 mated with the test slot connector 524), the actuators

454 cgn e i) efo powaitids cngagigiagisd dsosicfD.on sl dibls priecisansherteri4084s and
second engage t .ne 72,, 47 t.he i . 4564
exteld o ’rtg? i}afl?%sr%%‘ éﬁ Sidew ﬁsdﬂ(c)gu%lg (rlan (2631&%“2 eagél%\,’e 62@%8 tg%@?'ﬁéo

si dewal | $1#18. As shown in hidden lines in FIG 20B, in the engaged

position, the second engagenent nmenbers 476 extend outwardly .
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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fromthe outer surfaces 432b of sidewalls 418 and engage the engagenent
features 527 in the test slot 500 to clanp the disk drive transporter 400
agai nst woenevi79el ative to the test slot 500. At the samastéoswssiBhe fir st
engagenent nenbers 472 extend outwardly fromthe inner surfaces 432a of the
sidewal I s 418 and engage the disk drive 600 to clanp the disk drive 600
agai nst novenent relative to the disk drive transporter 400. The disk

drives 6Q0 can be nsitive . to vibrations, Fitting nultiple disk drives 600
e SRRt MRS s SRR iy P it PR on Tk By o B S Suffl ) Voo

t esti nQ) thaBtheWRbtlengSgenltat m@E®ELiATD eapabeltBEBIRriOE 60 fkelghp vesdif0@ifg om t he
various test slots 500 in the test rack 100 can be sources of undesirable

vi br at i ofi00 agpinsbme vemerigelativg todha disk drive angpperterddOgngisugh thaethesemngay be
operatin t i, A f i rs are
bei ng re%g%gér}lt ?%tr’\%ég% %&%@ggthgcﬁn g%%rﬁeﬂt? 2%@@%%759@660%@#&@&26?2% t est
rack slOOinhRet haedmérg of the ddighdenentpeteededtdatdébo thertestgldt 38er Then and
renmoval , and. cl anping the disk drive transporter 400 to the test slot 500
after t hEAPPEIE Arhe bt ﬁ‘éﬁ"s%’t‘ﬂs?%ﬁ‘efﬂé ip ghis FEPYEricHR Brlpde TqdieD VIDFRIEst S| ot
500, as Q\ﬁﬁfg’ﬂegﬁ% above, can help to reduce or limt vibrations by limting
the contact an crapi ng between the disk drive transporters 400 and the

t est sl ots 50Bolthwingdestingeht clempangdnedmoval capbetdivenglige@ by mioreng thansport ers
400. Additional ly, theabi]ity to retract fhe.engagenent elenents 476 can
250 hel BGORET eEp D ks WhyeReiE o BFioha oIS POTHET Iy e TERBUNE 1 rom
scr apj NgeRALUREN nidiSo s K, d7b i@nt the ASRAU{ve1690 4RO tHRNekt slve 50@SOn&d BEs 500
during insertion and renoval of the disk drive transporters 400, which may

be benef ¢leinginggherbenigmr4SOdafisegaged thediskadiiviedraganosice A9 ard disk dree ¢iGsk
drives 400.,. Met.hods of rati S ne.. t ( I t t
200 15 r EMRRERPERn Hoa BF L8 bl & By BB h SRS g YR 5L

gr abbi ngplufeet 12ReaNtha immipuAd6r DI dnldeullingkehedisk dritve ansporte400400 ofttieh t he
mani pul at or 312 of the robot 3005. As illustrated in FIG 21, the U shaped
openi ng FsirRid0Byvithhe sphedigarns 191 Busing withde vl dhebagkchogks #isokthe frane 410

to fif aLaundistAg c%g&gg{l] hﬁgn%gg@gﬁ% dRR Grib B i &)9%?%?1’@91 H0tdsP@by the di sk

drive transporter e.g., via tﬁe robotic arm 310) into a
posi ti oncdnapetat $24one of the disk drives 600 in the tote 220. The disk drive

transporter 4’?1(1)6 c?l%] dlti\r/]ee trr]antégorrtc?ri 4%%dan$1 ?ﬁegtés’te(? Xisﬂ ggvé 88(? Eeilncthen 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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arm 310) into a position engaging the disk drive 600. As the disk drive
transporter 400 is raised, the lead-ins 428 on the sidewalls 418 aid in
cent eri ngwea 2desikoxdni ve 600 in the frame 410. Wth the diPsh/useéos®s@d80 i n
place within the disk drive transporter 400, the disk drive transporter 400
can be noved 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 contr tuation t he, cl nmechani s trolling
novenent gi%’ftﬁ‘f‘ Frat %%&i?@?&?%udﬁ&) ﬂ% Y %RSF%@E Eﬂgcﬁlgﬁ’pﬁqﬁb aﬂé@ﬁ% $m 450 to
be act uaiLdndelRies t7aes Uibs Krhdhésy Slot 5ERSRSLE&Ta #0pdriol®VRhnlirofdrdthe tote
220 to the test slot 500 to inhibit novenent of the disk drive 600 relative

to the dpekonbie Thermportton 60 ofitheitery sions0Gasipdinery sk caneparidi ti on, the
mani pul a\%?()r nf‘g’rl %c%%ﬁxgaagglswoglgérﬁroﬁﬁé %ﬁ Afive é?rf"spgﬁe&%QEOr %kg Bk 599?' tion to

allow fo ertio ive ranspor nt o one of the test

sl ot s5 50@pstdMaitigngaltsis 3803138} Gidsthd Hifst t:@vetrheu elgehsedgsiatfirotogeniead t o
insertion also allows the disk drive 600 to nove relative to the di sk drive
t r anspor 2% ¥OThPueVides dcaess fq ﬂ@ﬁestwwre%m 58P (5 > W AsRItHG %Ae di sk drive

connect O%n%%%&%é legggvgg%sgghgh(g%pnect or 524. The disk drive transporter
I sk

400 and 1ve are vanced into the test slot 500, via novenent of
t he robotic aAssiBbdh indfiG. R3Bhie thié &lglodquf\thae w8tonpaitmeat $26s1 thp(b@it slobn with

the disk drive connec or 610 e h the t sl ot cannector 4. Once
the di sk’ Wi%’é@ﬁ dgse W‘Pﬁéprt‘réggasggoésts Banrthéyué’Fﬁﬁ@m%%S%%ség ed to
the g gaﬁh@ﬂld@?&&hin‘%ﬂ&ﬂs@%@ ranYsu 38 B3 B & &, élrgént%&ﬁbetr B34 idchRlidg r st

engagenent members "4/2 engage the disk drlve 0 to clanp the disk drive
600 agai mdampanef¥ntRefetrmngiageintto FiGe2 1, dke @pﬁanélllgr\aﬁbpélﬁaeﬁlﬁomchld@l such

t hat the secon enent nenber t he en 2g8BN ures 527
in the t@8pny) o?@%%% © fHPGIHS tﬁﬁs\/%ée%tﬁﬂ%ﬁ?lg’?‘ﬁglgdﬁp REGTIVE Y 1rﬂzlil(r?ll?é)orter 400
rel ati Vembenﬁﬁgqxcn@ssz»ésah@tret&i(ﬁ(lhe Jlag piilgaFHh fO5 T intphe BnSkned shMecek 5aNSPOr t er
400 in this manner can hel gm o reduce vibrations during testing. Follow ng

t est i ng, the mestendinpivals pekehahibsm can be di sengaged by noving the actuators
(o e L5, S AR IR SRR O serance
500. Oncichuldes a frame 410a. The frame 410a includes a face plate 412a. Along a first surface
414a, the face plate 412a defines an indentation 416a. The indentation 416a is releasably
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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cl anpi ng mechani sm 450 i s di sengaged the disk drive transporter 400 and

di sk drive 600 can be withdrawn fromthe test slot 500, e.g., by engaging

t he i nderwet2oem7406 in the face plate 412 with the mani pairatsess®iaasand
pulling the disk drive transporter 400 out of the test slot 500 with the
robotic arm 310. During withdrawal, the back hooks 426 of the sidewalls 418
can help in disengaging the disk drive connector 610 fromthe test slot

connector 52 k, dri v, n orter 4 and. t di s ri ve 600
can t hen%@3 aj%)t%f-ﬁl}ﬁgg’a hq 4?8 é’o%zi“al{ &0 wie lqght ggpl %%(?m 310.

hi sone gasase tefspélotes(@aplme siB&alld Madms%l@eﬂhb V@dilﬁ@mowmh c4PQidiis
sufficiently withdrawn fromthe test slot 500, the clanping nmechani sm 450

gan agai perberingat disk vy @Qin theframe #Hh@a. nani pul at or 312) before the di sk
d
rive tr anspoﬁ%%r%rﬁ%ao%al torm&% %g‘%%% %gﬁ,&;’lgg&l&é’gﬁg41§ggeh EIG% Jlgwl?ﬁe dl Sk

station 200 tO| nMovemnen rrve atlveto

drives t r ane@bfro@rdidflendsind o fithesidowalls 418a zmﬂoexﬁﬁﬁate anpdse-thirepglat ed for each
of the disk drives in the |oading station 200 enbodi ments O her
enbodi nefresturgset b (The RagsHbroyal peergies 47d aF%Pllz%dnﬁor?é 0(‘:VI ‘QF FBgageBCex anpl e,

while the, chiBels Cléxgs 9@%&% d@jf El?%@rt%%f‘?hé sk HH@@U%EB&@MO@B ’

mechani sns rive transporter e test slot
assenbl i aso mnesalskc»oslbmwdesud’ad:wr43meéﬁaersu®rmalfscm 8e lengagiertloe rakygr suefaaespl e,

FIG 22 i]]lu t es.anot her odj ment a test slot ssenbl 20

i ncl udi ngd P & RapPInES PG, §§(gb %“é’tngzi’g?)%la%?ﬁﬁlgasl’fla%%&g% {3 ROBRISS ﬁejf\m%ch t he

test sl OEhe%Qgéageﬁfach{ REA®eR BLadpe Hﬂplfab'élpﬁ)wafﬂs tRSinhBOMWRfab s FGfARA, the test
sl ot 500a incl'udes a base 510a, upstanding walls 513a, 513b and first and

second cm}msh@lwdls H32.753bTHe thedisk drive trsmartmrﬂﬂoadse@vanw@antoﬁm tesbn 518a
and a fr e Ortlt& %%;%5 19ar§t3g %%]?tﬂ}n t % éloisoéﬂ 9511%‘ ?h e Ql?s %l%%t A%l SR(BW OOa

defi nes erving and su ppor one o

di sk dri werIT apARad 6BSwHSDthe Tk d?nserabdfdater UPGH @ached thewalll snssﬁaaa 513b
and the first cover 517a together define a first open end 525a, which

pr ovi despesiiass therspgrgrmans Brembsriparerand t@QB&h the pgss tm%%hlaﬁ‘é‘@f?ﬁ +d 8nd
r em)Yé ng%he{ghde%{raﬁl% 4Cf§£ ¥1?chtt{1§rlﬁ$8){§§;ggneé%§)can e ga%‘g%%slé diveldgo (gf@ 26'B'? the

regi on o t conpar
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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500a al so includes clanping springs 530. As shown in FIG 24, the cl anping
springs 530 include retaining tabs 532, ranp surfaces 533, and an
engagenmerwOorzeogp29834 i ncl udi ng a danpener 535. Referri mgTAS2008/08618F| G
23B, the upstanding walls 513a, 513b include nmounting holes 536. The
retaining tabs 532 of the clanping springs 530 sit within the nounting

hol es 536 and retain the clanping springs 530 in place on inner surfaces

537 of the upstandi | 5 513b.. As s iin Fl GS. and 25B, the
ok dr 1 DR TR o Rl b AL dPRes ARt RuRad o Al Trigh e ¥ ane 4100
i ncl udes 780 haCLerBisAdeBtidrldat intlu@Bda Brobdl UiherSihf BL endtd Adrow BEndafd Ip1.at e 412a
defines an indentation 416a. The indentation 416a is rel easably engageabl e

by a mating proeeeisiten’ Bhisretatabbennut dredirstakes blf7, wiidin B eetoatonplat BHD, whi ch
N t ' : , ‘ ive. t
010" B 2R BEST A0S 801808 IRYE MGl L TR

drives tr asspowit ar FUNGAAL & thasegdged podition, @ae saffat R 18 @$thesdcatasoord00a, the

bevel ed edges 417a of the face plate 412a % ut. conplipentary bevel ed edges
515a of thEet drsrengelasmol)Ois cpgeihediselarcadliiztyl ands pithe spiipghpmist/2Ohe 1 ow

of air i ﬂ)t&té'}fadoil%élrdg{ fr&g%é ﬁé ﬁﬂdq}utéggﬁacegﬁg &1 @b?l?g?%u%giéstts\?%a?g . 25A and

25B, the frane SO inc es a pair of sidewa ext end
out war dl ¥2Far(simoven biddemnd Thadispbecadt?Odisai endse/ 20 ad cheplpange atiP @0 camchl® base

pl ate 422a that extends bhetween connects the sidewalls As shown
PG Bersraee i e s B GRG0 | e SUSSC PR e SHr ke & H5a0He! | nos

Proj £t i QNRn 4ig3tuitdt 100 HadBed Mtdtdl BRARE ¥l daGe HE¥itish, 1R diffaddhsik dthidjve 600a as
the disk drive transporter 400a is inserted into the test slot 500a. As

shown i nerds@f thr5Pring hems 7 Heawa lollewad Raretiadd. spaced to receive a disk drive

600 t her ebet n, ..and, defi .surfaces 424a.for .supporting a di.sk drive 600.
The o1 deun | <iTen B LRENG SHL AR R B0GuAE Wil RE b da o J08 1 b
extract i Rgattbe diskdevd 600 HAGeflifierted o tiRStansd PLObIHUWeeenthesidewarwl | s 418a
al so define | ead-ins 428a, which can aid in centerlgg a disk drive 600 in

the frant2%16b, meshernind I6gal nOpes Fiidsdripea0Qisdnseged in the fsmeetiab] he418a
def i Sglc%zﬁor%% ARG I??tﬁfrég E(g\ﬂartig ﬁlr@qugéeﬁlpogiQGE 6 §i§1§1&9g thb 'ﬁ?st%hgfge%u s 4 18a

and termnate in pass-
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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apertures 421 . The pass through apertures 421 are sized to allow the
engagenent nenbers 534 to pass therethrough. During insertion of the disk
drive traneponmmp29400a i nto the test slot 500a outer suPCaas300488618f t he
side walls 418a engage the ranp surfaces 533 of the clanping springs 530
causing the clanping springs 530 to be conpressed and the engagenent
menbers 534 to be displaced towards the inner surfaces 537 of the

upstandi ng walls 513a, 513b. As the disk drive tra r 400a i s advanced
into the test Iﬁ%t”é@é 3t3ﬁéllk]%%"e}ﬁ%ra§°‘§3’5“§l?qdd‘€e%ct Ved[AGROTHI9 in the

si de wal k& %ggxg ﬁ?aﬁﬁﬂgﬁt{écﬂmf én@(e 250 anfhpa B dlmgﬂvé Qﬁhﬁiﬂ thKddk iMee

transporter reac he ful I nserted position, the engagenent

menber s Gadpev¢rend/or lﬁnmlrghpmgﬁquhsiedm\rwumgtrpraape\nﬂm eseSﬂﬂQt)r Astshewside wal | s
4 18a su rs. 5 (F 26B)
carried %&#@8?@%%6{%&3 p&ﬁ%%ﬁ"gaeﬁ% qn‘i)f’l] %%’é‘g tlﬁ Ustrate

anot her grrodbRBRAd a Bhir 8f Siskalthrd208, 400BNPHFst Biie cslﬂlﬁ@sﬂawamhgma@leﬁmmg
mechani sm The di sk drive transporter 400b i ncludes a frane 410b having a

face pl apassAlpbghamtrarqiit wbith skigediiatgcorsaer apdopter Aufaaes 4 b d4 bt ok he

nner andiedtiia Sl aee A5l Bt Ele 41 Pofe ol A HhERRs pet veen

engageneithil tREPaKs-thugh apes@mm clanp 700) is di sposed Wit hin the
pass-through aperture 427, shown in FLG 28, the spri ng?él 700

i ncl udes a badéskwyr inddGr 36, taﬁaprm&@@maﬂao medisissia dpse nogtion anSféFSt 718b
h
eac (Pavé e@ JIRL %@%??%&Z%%ﬁlﬁ%&ﬂ%ﬁ%ﬁg hm&ﬁ‘ﬁl Qﬁisﬁ4%%éc%ﬂ t64Re @eﬂs@ a

di sp acea Irst ng arm 718a i ncludes a first
engagerrEpktrtlrmn’ﬁmandmdﬂplraeaarbtﬁgdiaalfendsRSSdé’ﬂnpéimﬂrspﬁﬂan amth intledesecionst! spri ng

arm 718b i ncludes a se nd engagenent rrenb 721 havr a_.secon ener
722b.  AnCEGEERE oSt | %aar*ga P UE 53188‘?&6 B RO SRHPE AP 2? D 700.

The act Uﬁ%ﬁﬁei&@eceﬁé %g&ﬁéﬁ%&nﬁ&@%@ﬁ@wﬁé @%@coﬂé%@m@&%ﬂmgl@ an actuator

slot 712 in the first sidewall 425a. hown in FIG 29, the actuator 710
has an el ongate abidtpr 76 ik cmxtwrvrdhymgsqcrfmﬁ ‘atﬂrl d}@rsmngehmww tldeacpral end

715 along a firs , at 0 a
cros¥ se ql&?ﬁsetsﬁéﬁouélhﬁt Jla(ée plA{Ie 4?%%1 ‘fﬂ #roe %att 1&%361{1 ﬁ{eerfr?r(g)‘tv@ %&rfatlelnm on D2.
The act ugtqr Aklfolvd i PIELI D hRng A6 MHgtH he af:ﬂuﬁt@f 760h& a/ddss-swictitn that he

actuator slot 712
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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bet ween an engaged and a rel ease position to initiate novenents of the
spring clanp 700. As shown in FIG 30A, in the engaged position, cam
sur f aces wWo4oefo7pise actuat or 710 engage the spring cl anpCTAB2408/08@86€e t he
di spl aceabl e distal ends of the spring arns 720 to extend outwardly from
the inner and outer surfaces 431a, 431b of the first sidewall 425a (shown
hi dden). The di spl aceabl e distal ends 720 of the spri ng arns 720 can al so

be 1 et ragh o000 A AL el 1 AL HR'RE A Qolifioh NPl 8L EARE APAShELAenfiS ShOWN

ctu en rota he re

posi ti onmefniber rbéaphtac‘eea@bmdh &te&hskecndse 600 tb hlamq;pthe dgkarive 60@agane al | oned
to retract. When the actuator 710 is in the rel ease F)oleon with the

spring chmamgmanaelpiye odheframg 449s Kingy sipdamnanncaihodisk d8¢ aRPPHED t he frame
410b bet %ﬁﬁr&a}l Q%O% ega\ﬁ?[led M?Q’tesflglgp Fcﬁ%xﬁx@ﬁl\é’nwﬁtﬂ aldi® aridt- 60@?1%6 fhed di Sk

drive 60 I nsert rame 410b actuator 710 can r ot at ed
towards frivee éh@egeidvipotictacontdr 66distheaceastipesitionshe disgdgeatntspesnber into

cont act th t edlsk drive 6Q0 to.cla the dj sk drlv 600 ai nst
overment iR P reged i § fangote 1055 U ST FPORGTADPS TUhBTH ok dr i ve
transpor et uﬁﬁwﬁﬁ&eb&tgio@m@@btth@ @nbeplvorddbowafRIth& ¢E, With
a disk drive 600 in the frane 410b and with the actuator 710 in the rel ease

posi ti onpositive tdidsiplage itheedistrlbansp 368 ef tMGleng:@lmeE3ﬁ,n§ébtt@QXtﬁm putwardst sl ot

500b, as sh G .32 est Iot cove r ved

clarity)fo cﬁé\éﬂmf]ﬁreandll %%efd"ﬂ( g 6&§ngﬁnfM fft?ldeﬁv a!l 41& 1 gn”?lhsspe"rs%“"a posi tion
W thig) the st@al eﬁkéﬁenﬁﬁ%e&beﬁ?%b\@fﬁﬁ'& éyﬂﬂg diasdp 750 dter@loDOERLAK fromi ed Wi th
the test slot connector) the actuator 710 can be rotated towards the

engaged tﬂ;es»mer swrface 4dills pf Hisesidpwalf #3%angdeagages e mipicfbpshy clegbg s 721a,
7.21b to g%s?( v%ttra %rt%r Hé(fc@&tﬁlﬁgtt fﬁgve?ﬁen%? at%ttg héstlégt sﬁﬁe%b%e first
a engag er

si dewal I secon enent b of the

spring cdnaenhaﬁ&t eﬁg@Bﬁ*ﬁnmémhérdﬂ%a bf hsptieg duﬁ@ﬁSkafeadeoutﬁmhﬂpﬁofﬂ rst
si dewal | 425a and e?‘gd/ a wal |
%O

cl anpi ngthe FrnegFkacy ﬁhﬁrﬁéﬁéfqeé’ﬁﬁﬁgf%}“gg%{ggg‘%s tﬁ!&a‘télﬁggg g?%& g’te‘frl%‘ggt o the
st ohe B0 I, SRR W 1 DRU STBRBSAR G s 21 of e
first si devval EleA2b@a odddfeagagdedinhmtdngk bdcombinéd® foomchatpatines 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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di sk drive 600 agai nst novenent relative to the disk drive transporter
400b. FIGS. 33A and 33B illustrate yet another enbodi nent of a disk drive

t ranspor two 2d@0091vavi ng a cl anpi ng nmechani sm (e. g. for eCcanseeg/oseidi sk
drive within the disk drive transporter and/or for clanping the disk drive
transporter within a test slot). As shown in FIGS 33A and 33B, the disk
drive transporter 400c includes a frame 410c having a face plate 412c and a
pair of gi | s, 4 9b. A first one of the sidewalls 429a defines a
pass-thr%ﬁﬁbe@ﬁ@&@v\hi ch extends between inner and outer surfaces
441a, 441b of the first sidewall 429a. An engagenent elenment (e.g., spring
clanp 750) is1di spashsk divehtidnspditer pa®s 400y, @00d) fapestsporing2diskAdivehown in

FIG 34, the spring clanp 750 I ncludes a base @mti on 752 and first and
second sOPhediormmopstng a diskgrixa @ithimy fesiplet (BP@0RR). therfliskydiaveconnect ed to
t he base ' gg;- d a displaceabl e distal end 755. The first spring
arm 753atr|£}%é{)t§e%§ 1?%st engagenent nenber 756a having a first danpener
758a,5 and t hea femenidl gl 0ng 1ac)wonkglret netacdieos and sportch dsigdgentrt nenber
756b having a secand danpener 758b. An actuator 760 is operatively

associ at@@nﬁ/ic?’ﬁpilﬁgg_spri ng clanp 750. The actuator 760 passes through the
face plate 412c angqiiR (@08, 3054 a3b ﬁ%}@b@?cédﬁgﬁh&l thirb&ived devadite 429a.
As shown in FIG 35, along i'ts I'ength the actuator 760 has a cross-section
t hat def iheebetayone dydsizéto bEHescatet it @rtest 610t plonpimithtaabsledmie; hivdh t he act uat or

sl ot 762 between an en ed pgsjtion and a rel ease, ppsition. illustrated
by FIGS. 36A %Fﬂ&m§§§,mi9‘“ra?%{“ﬁ@ @ a‘é’é&at%@i %S?Ooch%te‘{a Wgh&g{%aset %%Rf@‘sﬁ t he

act ugf orsid&PalRNAAgESptfiggspring clanp 750 to cause the distal ends 755 of
the spring arnms 753a, 75%b to extend outwardly fromthe inner and outer

surfaces 44la, 441bfiot cogpgemepistleserdéhéfl, 70Q798); aMfus, the spring clanp 750
can be actuated bya Egs)? Qéfrg&Pg{hgg?gloo Hk{))gﬁﬁra%l s |m&Rch s (;tt}g%ﬁﬁi uat or

765 upwards (arrow di's end of the actuator t owar ds
t he spri @gagéraem clbient, Wirrelh sieafirseautisat S opdratilaeo spre iy fasnmgdgdaent 753b can
al so be retracted by pivoting the acfuator 760 to the rel ease position, as
shown i nelpmes intgzERgagement with\aety S’(Oﬁé%‘%fcat‘ﬁ%ﬁ v W%ﬁ?%@%‘ﬁ% &Bgfag&p o the

rel e?§e Q?a?fg%& M tegt}}%sgioﬁtiﬁlla t@srt"gl%t.755 are al | owed

2. The disk drive transporter of claim 1, wherein the first actuator is operable

to move the first engagement element into engagement with a disk drive being supported

by the frame.
20
3. The disk drive transporter of claim 1 or claim 2, wherein the first
engagement element comprises first and second engagement members (472, 476, 721a,
721b, 756a, 756b), and wherein the first actuator is operable to initiate movements of the
first and second engagement members.
25

4. The disk drive transporter of claim 3, wherein the first actuator is operable
to move the first engagement 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, and wherein the
first actuator is operable to move the second engagement member into engagement with a

30  disk drive being supported by the frame.
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to retract. When the actuator 760 is in the rel ease position, with the
spring clanp 760 retracted, a disk drive 600 can be inserted into the frane
410c bet vweorzoadmgIm®ndewal | s 429a, 429b, as shown in FI G pP83/USsms@sti sk
drive 600 is inserted in the frane 410c, theactuator 760 can be noved
towards the engaged position to displace the first engagenent nenber 756a
into contact with the disk drive 600 to clanp the disk drive 600 agai nst
novenment relative to the frane 410c. In a simlar manner, the disk drive
transporter 400c can also be clanped within a test slot. For exanple, with
a disk drive 600 imn¢ pgk lFieeaadshBfedtddnt Dot NEnAE tMaEQh tHERchi t he rel ease
position, the disk drive transporter 400c can be inserted into a test slot.
Wt h t heerflagkmenttingember sasiposesar daggBaer (474 724l A22Pn5¥at &Pbposi tion within
the test slot, the actuator 760 can be pivoted towards the engaged position
to displace the distal ends 755 of the spring arns 753a, 753b to extend

out weg dl y frog t heThoargk danetronsperterseficlames whiddn thd4ihhpehertddgpiiséssd

sidewal | 429a. In this position, the second engagenent nenber 756b of the
spring ctampenmgomaierialgtectsdtivom élw;gr?%?ﬁnﬁﬁa%a? bermagnlasticy andthermpsers; r st

si dewal | 429a and engages the test slot, thereby clanping the disk drive
transporter 400c agai nst novenent relative to the test slot. At the sane
tinme, the fir3t enfhgéiskedtiverraimportdic@alam I, vdesypr theglagipangy cébrieostamnds
outwardly fromthe inner surface 44la of the first sidewall 429a and
engages SABURE SkIURRPINEDNHY. | anp the disk drive 600 agai nst novenent
relatjve to the disk drive transporter 400c. Elenments of different

enbodi ments naybe conbi ned to form conbi nati ons not specifically described
herein. O her8.det aThsdiakhdrifettnspeserodraby néblammsp - hwhereethd dsst pétuetdr her ei n

maybe found inp the fol] ow . S. _patent applications,filed concurrently
or v ¢ b 0gREPle epo B ishyt g fadBem BB SR ARl R PR
18523- 05208 dns temiRBE®ESh Jdeward Garcia et al ., and having assigned seria
nunber | 1/958,788 ; and "Dl SK DRI VE TESTING', with attorney docket nunber:

18523- 064001, inventors: Edward Garcia et al., and having assigned serial

nmb 11/ 958,817, + he. ! ' t] - heati
are feroby i ndor pori Sat By BrEPOEDrRh & MR PLBTRY L ARRE COR e
ermbodi mewtigowtese firdand baord onddAmhehtSn&h¥drbEDsta8tially simultaneously.

10.  The disk drive transporter of and of claims 1-9, wherein the first
engagement element (476) comprises a protuberance (478) configured to engage a mating

20 feature in a test slot.

11.  The disk drive transporter of any of claims 1-4 or 8-10, wherein the first
engagement element comprises a dampener (474, 722a, 722b, 756a, 756b).

25 12.  The disk drive transporter of claim 11, wherein the dampener comprises a

dampening material selected from the group consisting of thermoplastics and thermosets.
13.  The disk drive transporter of any of claims 1-12, wherein the first

engagement element comprises a spring clamp, the spring clamp comprising:

30 a base portion (458, 716, 752); and

30



1. Adisk drive transporter (400, 400b, 400c) for transporting a disk drive
(600) and for nmounting a disk drive wwthin a test slot (500, 500b), the

di sk dri weote@mepant er conprising: a franme (410, 410b, 2C0a)S2@snsiigured to
recei ve and support a disk drive, the frame conprising sidewalls (418,

425a, 425b, 429a, 429b) configured to receive a disk drive therebetwen and
sized to be inserted into a test slot along with a disk drive; and a

Si devel s andcompP L rip:e2R Stk Sihe SRHEr L Al 1568 B 98 60) . ' and
first acwﬁwﬁngﬁlﬁ&mr@@mw@) 7@@%&%@&%&{5&%@@@&@@5&5 of the first
engagenent el enent, rein the first actuator is operable to nove the

first en@lé@]éﬁ@hke<b$té4r@ﬁt(4¢41t780e7ﬁ§égenent with a test slot after a disk
drive being supported by the frane is arranged in a test position in a test

slot. 2. The disk drive transporter of claim1, wherein the first actuator
i s operabl e to4.noVELE figk ﬂhms&anspgﬂgarf&ﬂﬁ@elBewha@iﬂ the actenagerperdblatiot h a

di sk drive, being supported The di sk drive transporter of
claim 1 Witigde moygmentsabths dhs'“%ir‘?@dsf ?é‘g? F@ﬁ@%‘@%‘?’?@ﬂ@ SRS conprises first
and second engagenent nenbers (472, 476, 72la, 721b, 756a, 756b), and
wherein the first actuator is operable to initiate novenents of the first
and second engﬁgenﬁhethdﬁewsmH@oﬂmhéﬁdyskedfﬂv@mik3nbbdﬁﬂ€ﬂ4owh@wain13

wh [ f t tor. the first t nb
't o englarnietaer & ek S EPERRTLR B ek TGyt BoF i BOSRRBFTEY by e
frang i scahbanafeldnitnd t est p05|t|on in a test slot, and wherein the first

actuator i's operable to nove the second engagenent menber into engagenent
with a disk drive being supported by the frane.5. The di sk drive

transporter o cla%ﬂp 4 en Wﬁvﬁ nber
conprises a d enere?ﬁgﬂng%géﬂ%ogagﬁ%nggagpgg%gfpgd“' 1969 ertl
the first actuator (710) comprises an elongate body (711) extending from a proximal end
(713) to a distal end (715) along a first axis (717), and wherein the first actuator 1s

15  rotatable about the first axis to initiate movements of the first engagement member.

17.  The disk drive transporter of any one of claims 1-10, 13, or 14, wherein
the first actuator (454) is linearly displaceable relative to the frame to initiate movements

of the first engagement member.

20
18.  The disk drive transporter of any of claims 1-17, wherein a first one of the
sidewalls defines a first actuator slot (434, 712, 762), and wherein the first actuator is at
least partially disposed within the first actuator slot.
25 19.  The disk drive transporter of claim 18, wherein the first actuator is

moveable within the first actuator slot to initiate movements of the first engagement

member.

20. The disk drive transporter of any of claims 1-10, 13, 14, or 17-19,

30  wherein the clamping mechanism further comprises a second engagement element (476),
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6. The disk drive transporter of claimb5, wherein the danpener conprises a
danpening material selected fromthe group consisting of thernoplastics and
t her nrosetwo 2009/0Th®odi sk drive transporter of claimb5, wreraisnoosesidanpener
conprises an isolating or danpening material. 8. The disk drive transporter
of any of clainms 3-7, wherein the first actuator is operable to nove the
first and second engagenent nenbers in substantially opposite directions
relative to each other. 9. The disk drive transporter of claima8, wherein
the firstndeheiginghe fist agptanis@Pergbledo anitiple mqviemrents od theateaons! BisgagRent
menber s égﬁgggntially si mul t aneously. 10. The disk drive transporter of and
of clains 1-9, wherein the first engagenent el enent (476) conprises a

pr ot uberance (478) configured to engage a nating feature in a test slot.
11. The disk drive_transparter of an f. ali 1-4 8- 10, wherein the
first engageneht e?éﬁgﬁﬁBEB%SWF?B@“é%EEWQgheWg%EVW?C3%55?”955Hﬁ 756a,
756b)5  1gner i€ i @1"6'SE&nHreﬁF%ﬁfehﬁéleﬁEnﬁh@' ddem ot @it aNedt R dAsmener
conprises a danpening material selected fromthe group consisting of

t her mopl disk idose beiolg supwortod by she figne Fheradgekindrtpsi @ositiamspbe test slof any of
clainms 1-12, wherein the first engagenent el enent conprises a spring clanp,
the spring clanp conprising: a base portion (458, 716, 752); andfirst and
second spri ngyar meTh4EidR dridénspdt&ant clalBlR0 of 2Bam 2153Mhpreaatb feanpri si ng a
proxi mal end (462, 719, 754) connected to the base portion and a _

di spl aceedsiiasords eperpblerielmoxe the seoend engggemend clemeat pferngdesenttvitiahisk t er of
claim 13, .wher ei is operable to initiate novenents of the
distgi eﬁagzé?m%ﬁ%%$|?€§§§%3ﬁ@g%ond spring arnms. 15. The disk drive
transporter of any one of clains 1-9, 11, 13, or 14, wherein the first

actuator (760) is pivotable relative to the frame to initiat venment s of
the first engayene e@$%ﬁ§ﬁ?@m¥@9“¢ﬁghﬁygﬂe8£@9%m%¥g%§30ﬁ? 1 r%any one of

claims 1gQereihlthe iBmpRg héeNREEfRher comprises:

a second engagement element (476); and

15 a second actuator (454) operable to initiate movements of the second engagement
element.
24.  The disk drive transporter of claim 23, wherein the second actuator is

operable independently of the first actuator to initiate movements of the second

20  engagement element.

25.  The disk drive transporter of claim 23 or claim 24, wherein the second
actuator is operable to move the second 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

25  slot.

26.  The disk drive transporter of any one of claims 23-25, wherein the second
actuator is operable to move the second engagement element into engagement with a disk
drive being supported by the frame.

30
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the first actuator (710) conprises an el ongate body (71 1) extending froma
proximal end (713) to a distal end (715) along a first axis (717), and
wher ei n twe 2beweEn29act uat or i s rotatable about the first Paxius2408/08618t i at e
novenents of the first engagenent nenber. 17. The di sk drive transporter of
any one of clainms 1-10, 13, or 14, wherein the first actuator (454) is
linearly displaceable relative to the frame to initiate novenents of the

first engage t r. .18. The disk. drive trans r a cl ai ns
157 whereinZh 1 6t Skt rimpodrlall o ot RESCIOF 2 AW B or ol ot
(434, T1@herbfidhe fiddciVhOF £153) Lénck ab@htiRCicUREQI(483 488) frastiaar tial |y

di sposed within the first actuator slot. 19. The disk drive transporter of

cl ai m 18movgreems af thhdirfticngageaenudementi(§7Mopveabl e within the first actuator
slot to initiate novenents of the first engagenent nmenber. 20. The disk
drive transporter of any of clains 1-10, 13, 14, or 17-19, wherein the

cl anpd ng nmechagi snThadishéfive pamposasofalsaindhergathe aemhtigd feawnds (476) , and
wherein the first actuator is operable to initiate novenents of the second
engagenefAMRISEdees ¢81) angygcess S48 ve transporter of claim 20, wherein
the first actuator is 5 operable to nove the second engagenent elenent into
engagenent with a test slot after a disk drive being supported by the frane
is arranged i20.a t€s¢ digbdiit¢ mmsporterd ahgshe sf daims2228, Tteereln she Game e

transporter of claim 20 claim?21l, wherein the first actuator i s operable
to nove ?W?@%Bhﬁseﬁﬁﬁé@é%%@ﬁé%hq S_r‘\ciedv ailﬁpaé‘gem‘fmﬁet%&é”@isffﬁo drive
bei ng, Suﬂ@%%eeﬂat@)fc?elﬂ?erfdéﬁﬁ@a subdtanfiilB, Olshkpddr dpéRinkfanGparingra dfk &ie one of
clainms 1-10, 13, 14, or 17-19, wherein the clanping nechanismfurther
conpr i sesff oha sepportd engagenent el enent (476); and 5 a second actuator (454)

operable to initiate novenents of the second engagenent el enent. 24. The
di sk drive transporter of claim 23, wherein the second actuator is

30. A disk drive test slot (500a) comprising:
a housing defining:
15 a test compartment (526a) for receiving and supporting a disk drive
transporter (400a) carrying a disk drive (600) for testing, and
an open end (525a) providing access to the test compartment for insertion
and removal of disk drive transporter carrying a disk drive for testing; and
a first engagement element (530) mounted to the housing, wherein the first
20  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.

31. The disk drive test slot of claim 30, wherein the first engagement element
comprises a clamping spring (530).
25
32. The disk drive test slot of claim 30 or claim 31, wherein the first engagement

element comprises a dampener (535).

33. The disk drive test slot of claim 32, wherein the dampener is configured to
30  engage a disk drive carried by a disk drive transporter when a disk drive transporter is
inserted in the test compartment.
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oper abl e i ndependently of the first actuator to initiate novenents of the
second engagenent elenent. 25. The disk drive transporter of claim23 or

cl ai m 24, wotersi7movhe second actuator i s operabl e to noeeTiuseorsasand
engagenent el enent into engagenent with a test slot after a disk drive
bei ng supported by the frame is arranged in a test position in a test slot.
26. The disk drive transporter of any one of clains 23-25, wherein the
second actuator is operable to nove the second engagenent elenent into
engagenment with a disk drive being supported by the frame.27. The disk

drive transposs ame@fiskaitncatr® sof o£4i@ns2 dr difim I8, whkdein @e dafnp2Ber Wherei n the
first actuator (454) defines actuating features (482, 483) for initiating

novenent eonafriseha dgmpeting mgtegieheshectas ispre fre gravpByonspging phcangRlagics yad
transpor%gr of,claim27, wherein the actuating features conprise wedges

(482) an TS ses (483). 29. The disk drive transporter of any one of

claims 1-28, wherein the franme conprises a base plate (422) connected to

the sidewalls, and wherein the sidem%l s and. t he base plate together define
a substantial 1y U Anighedimggesinggysion &ébpﬁﬁFﬁﬁga di sk drive off of a

support. 30. ﬁn&hﬁ%?@%%%@zé@?bOﬁ'Ot (500a) conprising: a housing defining:

a test conpartnent r'ecei ving and supporting a disk drive
transporter (#08k)reatranspoger(4600,5400dr4008, 4@0DForhpnsivgst i ng, and an open end

525 i di the test for i ti |
OF ar ek artve ¢ P ansorce i i, 4 APRRhRETSE 1 St BaR MrbouAdI v et
engage ”Eaviveg(]k@@j? Dhefens®l aRMMHAQONLithe i\ PasiNGd tVREERIBTy bhgukitliest

engagenent ement is configured to engage a disk drive carried by a disk
drive trmspor tatromerementiod kheddiplydriva tsanspoitater is inserted in the test

conpartment. 31. The dis icve test.sl ot oOf 030, ; wherein the first
engagerent el %ﬂ?@ﬂ]{lg sta?lon IfZ(EU) for stox?ng disk &ivel'to Bclz %s{yd, agid
a test slot (500, 500a, 500b) configured to receive and support a disk drive
transporter carrying a disk drive, wherein the automated machinery is operable to remove
15  disk drives from the loading station utilizing the disk drive transporter and insert the disk

drive transporter, having a disk drive therein, into the test slot.

36. The disk drive testing system of claim 35, wherein the automated machinery
comprises a robot (300), the robot comprising:
20 a moveable arm (310); and
a manipulator (312) connected to the moveable arm, wherein the manipulator is
configured to releasably engage the frame to control movement of the disk drive

transporter.

25 37. The disk drive testing system of claim 36, wherein the robot 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 therein, into the test slot.

38. The disk drive testing system of any one of claims 35-37, wherein the frame
30  comprises a face plate (412, 412a, 412b, 412¢) defining an indentation configured to be
releasably engageable by the automated machinery.
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conprises a clanping spring (530). 32. The disk drive test slot of claim 30
or claim3l, wherein the first engagenent el enent conprises a danpener
(535). 33voTh@/adbmk drive test slot of claim 32, wherei RCTHES2e080REREr | S
configured to engage a disk drive carried by a disk drive transporter when
a disk drive transporter is inserted in the test conpartnent.34. The disk
drive test slot of claim32 or claim33, wherein the danpener conprises a
danpening material selected fromthe group consisting of thernoplastics and
thernosets. 35. A disk drive testing system (10) conprising: autonated

machi nery (3089.; TRe @lkis Kritk ieviend $y8REDON in§Tonk 40 QlairdOOR 3 8 408ein 4006 me
conprising: a frame (410, 410a, 410b, 410c) configured to receive and
support eeraprakes dclappigSuoyhanigee@RISME aut omat ed machinery is configured

to reIeasably%%E%gggﬁ%gg?%%?gﬁngggg?ggggb;qgﬁenent of the disk drive

transporter; ring disk drives to be tested;
and as test sl ofird 260Qatob034, 7H)Ob)) aperdbl goriatiateans ensinweofahefistipport a di sk
drive transporter carrying a digk drive, wherein the gg} mat ed nachinery is

oper abl eCREIEFBFBFERENSKRVRATFI) &2 RN IF GREPMG 'STRET B HET fs267 Y he di sk
drive transpor ihfl%ren RSrh 43 Ghith tﬁ@f%stdél&?@@r'ﬁ'g@b { IR0 8 R Bive bRAYIsOBpdtdl Sk

drive therein, Int he test slot. 3 isk drive testing system of
cl ai m 35by thiedramais ivengndtio arese dosiaahintbe yestcdofpr i ses a robot (300), the
robot conprising: a noveable arm (310); and a mani pul ator (312) connected
to the noveable arm wherein the manipulator is configured to rel easably

engage the fraereQikaiHveqbstiB eABALS efairh 39, Whekindhé ¥@ohRASRRRIRFy 37. The
di sk drive testing systemof claim 36, wherein the robot is operable to

renove dissknfigiredt dangal eprsaticvadditigyclempingancaignibingi ng t he di sk drive
transporter and insert

41. The disk drive testing system of claim 39 or claim 40, wherein the frame
comprises sidewalls (418, 425a, 425b, 429a, 429b) configured to receive a disk drive

15  therebetween and sized to be inserted into a test slot along with a disk drive for testing of
the disk drive, and wherein the clamping mechanism is operatively associated with at

least one of the sidewalls.

42. A disk drive transporter (400, 400a, 400b, 400c) for transporting a disk
20  drive (600) and for mounting a disk drive within a test slot (500, 500a, 500b), the disk
drive transporter comprising:
a frame (410, 410a, 410b, 410c) comprising:
sidewalls (418, 418a, 425a, 425b, 429a, 429b) configured to receive a disk
drive therebetween and sized to be inserted into a test slot along with a disk drive; and
25 a base plate (422, 422a) connecting the sidewalls, wherein the sidewalls
and the base plate together define a substantially U-shaped opening for capturing a disk

drive off of a support.

43. A method of testing a disk drive (600), the method comprising:
30 actuating automated machinery (300) to engage a disk drive transporter (400,
400a, 400b, 400c);
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the disk drive transporter, having a disk drive therein, into the test

slot. 38. The disk drive testing systemof any one of clains 35-37, wherein
t he framewoampri7’s®s a face plate (412, 412a, 412b, 412cpcCaafSeensngelan

i ndentation configured to be rel easably engageabl e by the autonated

machi nery. 39. The disk drive testing system of any one of clains 35-38,
wherein the frane conprises a clanping mechani sm conprising: a first
engagenent eIe 700 0 and irst actuator (454, 710, 760)
oper abl e t0|1ﬁH|Qﬁ%9%§?g %&Mh 9?§¥d?Y %m%ﬁ%%g%ﬁgﬁ?lelenent wherein the

first actuat ofctiBin@gRRs aRbMafcd nimMRety® ifideriShe ¢RYdgesantspetten@iatthé nt o
engagenent with the test slot (500, 500b) after a disk drive being
suppor t eehpyred fisk deixerinte 8 test ﬁlah@QQ 34Pagd Oéétwf&é%lmcmﬁﬂ%ﬂter?éslﬁ%te slot. 40.

The di Skc&ﬁ%ﬁés% LRSI ﬁp ﬁﬁéﬁhﬁ% Rhin ba%ﬂhﬁ%ngpg&a&h wﬂﬁ Ak QmBL gl pachi nery

is configur 0 CcO operatio anlsn1 4 17 The di sk
dri ves t egikiangnsyst maehidergl ai m 39 or cl ai m 40, V\/nerel n the frame conprises
sidewal I s (418, 425a, 425b, 429a, 429b) configured to receive a disk drive
t herebetween and sized to be inserted into a test slot along with a disk

drive for tesging,ohede ogbﬁﬁn QB : \Vﬁerelﬂrﬁgtu‘ﬁhﬁ% flenulditi&d AARiiAGymechani smi s
operatively associated with at [east one of the sidewal|s. 42. A disk drive

t r anspor ¢amnpr{s¢§astuatd@an rob0dbarmi(306). for transporting a disk drive (600) and
for nmounting a disk drive within a test slot (500, 500a, 500b), the disk
drive transporter conprising: a frame (410, 410a, 410b, 410c) conpri sing:

sideypl |'s (4185 418Re méthed of 6RARN 43 429Rim 4290hereidnhé ik Qlvé gakispegeve a di sk
drive therebetween and sized to be inserted into a test slot along with a

di sk dri (460, 409, 400sasemplisese cémng neokanisd (PO opwable keclempdh@disk | wher ei n
e ot g Tl BB f uRAEE o R, SRS ARl RBUIShAR Bl Y U Shaped

ur of "a supp thod of
testing autcthstéd dachi@elyoOQperatdthe ﬂlﬁtrﬁb@fg Soambly2hd diereby clamping the disk

drive transporter to the test slot after the disk drive transporter and the captured disk drive

15  are inserted into the test slot.

46.  The method of any one of claims 43-45, wherein capturing the disk drive
comprises:
actuating the automated machinery to move the disk drive transporter into
20  a position underlying the disk drive; and
actuating the automated machinery to raise the disk drive transporter into a

position engaging the disk drive.

47. A method of testing a disk drive (600), the method comprising:
25 actuating automated machinery (300) to insert a disk drive transporter (400, 400b,
400c) carrying a disk drive into a test slot (500, 500b), and
actuating the automated machinery to operate a clamping mechanism (450) 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.

30
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actuating automated machi nery (300) to engage a disk drive transporter
(400, 400a, 400b, 400c);capturing a disk drive with the disk drive

t ranspor twp;20ed919en actuati ng the automated nmachi neryPCo/USR@S8M08618he di sk
drive transporter and the captured disk drive into a test slot (500, 500a,
500b), wherein capturing the disk drive conprises noving the disk drive
transporter into engagenent with the disk drive using the autonmated

machi nery. 44, The_method ., of. claim 43, wherej.n actuati,n he aut onat ed
machi nery conpti se@%@f’@‘ﬁ? iokﬁlagn f”g}b"(‘ﬁﬁérr@n&cﬁr\ak%%@%?mﬁéq “%r?émr?@f hod of claim
43 or cl g@ifprids aMBeIR AYobbig: &hSis10y.i ve transporter (400, 400b, 400c)

conpri ses a cl anpi ng nmechani sm (450) operable to clanp the disk drive
transporter to the test slot (500, 500b), and further conprising actuating

t he aut onat ed chinery.,t [ . Cl I (?m}:?y r eby

cl anpi ng the |‘skhgl?eir\?éthtogggglglg?ﬁf}?%m?ﬁg’r@gg% c??@t a agﬁﬂgﬂ%n%i sk drive

t r anspor figsmaed nadBineB b whgshedhs Kathpingessanebly as@tHead yichinopinféhetdedd sl ot .

46. The net hod of any one of clainms 43-45, wherein capturing the disk drive

conpri sedtivedeansparigidC thecapyrwdited¥rachi nery to nove the disk drive
transporter into a position underlying the disk drive; and actuating the
automat ed nmachinery to raise the disk drive transporter into a position
engagi ng t he #li.sk Anéstslot dssemBlyn@Oodbngfrisingsti ng a di sk drive (600), the
met hod conprising; actuaf]i ut omat ed machinery (300) to insert a disk
drive transpo?‘t)eﬁ"te@%%@(géé)%%f)&ﬁ’@&m%ryi ng a disk drive into a test slot
(5004, 500b), and a@tg%ﬁglggg%iﬁégtomt ed machinery to operate a cl anping
mechani sm (450) and thereby clanping the disk drive transporter to the test
slot after the disk driap attesinepoatoentdhZd)t #el capt ured disk drive are

inserted into the test n}%b %tggféggglﬂ§5t2?ﬁt5r%§1dd,h§%a%%'e@tmf@tﬁ%‘%ﬁﬁmeﬁ@t uating

aut omat ed nmachi nery co otrc arm
and
B.) adisk drive transporter (400, 400b, 400c) comprising;
15 i.) a frame (410, 410b, 410c) configured to receive and support a disk

drive (600), the frame comprising:
a.) sidewalls (418, 425a, 425b, 429a, 429b)configured to receive a
disk drive therebetween and sized to be inserted into the test compartment along with a
disk drive; and
20 ii.) a clamping mechanism (450) operatively associated with at least one
of the sidewalls and comprising:
a.) a first engagement element (476, 700, 750); and
b.) a first actuator (454, 710, 760) operable to initiate movements
of the first engagement element, wherein the first actuator is operable to move the first
25  engagement element into engagement with the housing after a disk drive being supported

by the frame is arranged in a test position in the test compartment.

51.  The test slot assembly of claim 50, wherein the first engagement element
comprises first and second engagement members (472, 476, 721a, 721b, 756a, 756b), and
30  wherein the first actuator is operable to initiate movements of the first and second
engagement members.
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49. The nethod of claim47 or claim48, further conprising actuating the
aut omat ed nmachi nery to engage the cl anpi ng assenbly and thereby cl anpi ng

t he di sk woizo@/at79mnsporter to the captured di sk drive. POT/US2008986181 ot
assenbly (120) conprising: A) a test slot (500, 500b) conprising: i.) a
housi ng defining: a.) a test conpartnent (526), and b.) an open end (525)
provi ding access to the test conpartnent; and B.) a disk drive transporter
(400, 400b, 400c) conprising; i.) a frame (4 10, 410b, 410c) configured to
recei ve and support a disk drive (600), the frame conprising: a.) sidewalls

(418, 425a, 433b, 4ROtest 4GMWIGHIl bgukpE 51 ovkeenitNefiat titsiodlisioperable to
t herebetween and sized to be inserted into the test conpartnent along with

a di sk driove thedfiat gnigagement membich HioBrgraamerh Wity tesp glohfiera) skadidtsci at ed

wi th at i ) 1Sl Aoy i engagenment
el enent %%gg%W§%§?8g%@?fﬁgﬁgggg#hgxﬁﬁggggEQ%BQ%g?ﬂf3§%?&9%%?ﬁ%%ﬁ?goperabIe
t o i g ti ahereite fien tastuator ispetdbiesto moagabemenhd ehgigement mbreb@iintot he fir st
actuator is operable to nmove the first engagenent el ement into engagenent
Wi th theerrﬁﬁa@ilﬁaVﬁfh%ﬁilslégg%kelagﬁ%IEOHQ?Eégﬁé%?-t ed by the frane is
arranged in a test position in the test conpartnent. 51. The test sl ot
assenbly of claimb50, wherein the first engagenent el enment conprises first
and second enfihgeniht tentesidterssen(bdy 2f clding 51 dPdlaim 32, Moherdis bl sczdsb) , and

wherein the first actuator .is operable i tiate \% ts of the first
and secofftBa8HYSY SHEMReT FENBEPS B MPER (ﬁz‘gtizgf" ’tﬁésésgoﬁbﬁﬁ%gf claimb51,
whergjn the first actuator is operable to nove the first engagenent nenber

into engagenment with the test slot after a disk drive
54.  The test slot assembly of any one of claims 51-53, wherein the first

actuator is operable to move the first and second engagement members in substantially

opposite directions relative to each other.

15 55.  The test slot assembly of any one of claims 51-54, wherein the first
actuator is operable to move the first and second engagement members substantially

simultaneously.

56.  The test slot assembly of any one of claims 50-55, wherein the housing
20  comprises upstanding walls (512a, 512b) configured to receive the sidewalls (418) of the
frame (410) therebetween, wherein a first one of the upstanding walls comprises an
engagement feature (527), and wherein the first engagement element (476) comprises a

protuberance (478) configured to engage the engagement feature.
25 57. The test slot assembly of claim 56, wherein the first actuator (454) is
operable to move the protuberance into engagement with the engagement feature after the

sidewalls are inserted into the test compartment.

58. A test slot assembly (120a) comprising:

30 A.) adisk drive transporter (400a) comprising

38



bei ng supported by the frame is arranged in a test position in the test
conpartnent, and wherein the first actuator is operable to nove the second
engagenernwormesae29nt o engagenent with a di sk drive bei rgTASpEs/08@d! by t he
frame. 53. The test slot assenbly of claim5 1 or claim52, wherein the
second engagenent menber conprises a danpener (474, 722a, 722b, 758a,
758b). 54. The test slot assenbly of any one of clains 51-53, wherein the

fi i bl he fi : mb
| Subst anti al |y obpodiis i FRaD BreoT iR BREBRER i RO B ™ ot ©

sl ot assghhk¥omprigny: one of clainms 51-54, wherein the first actuator is
operable to nove the first and second engagement nenbers substantially
si nul t aneously. 56. Thea sidevwgilp{41gakeampbigyredito seegivgriedisf driyeai ns 50- 55,

ecer ve PREOERIEbAPR O ST AP b | PP Brab SR 1 55 1
firsts ongndof the upstanding walls conprises an engagenent feature (527),

and wherein the first engagenent el ement (476) conprises a protuberance
(478) configuBéda?%”éﬁﬁégélpﬂe engagenent feature. 57. The test slot

assenbl y of cl ai m.§)6até’é’?@&rﬁﬁz{}nﬁé}ﬁ(526%?%?0%@%%5@511({&1%%& P&LRDY6 L0 nove

t he protuberance into engagenent wt e engagenent feature after the
si dewal | sammpertérnserted into the test conpartnment. 58. A test slot assenbly

(120a) conprising:..A. ) a dis rive transporter 0O0a) conprisingi.) a
frame (410a) ponfiﬁ@#@ﬂﬁFBCP 59%WQH@“¥UgﬁS¥tOQ&éfgﬁgﬁp?_ ew&%b), t he
franp, ComBértish A retnovabbgvalsk aril4kBaporankh@ur ed to receive a disk drive
t her ebet ween, wherein a first one of the sidewalls defines a pass-through

aperture (421); anidi)BaYirs chgapement ¢lerprid3Y mounfeditottbe housingpuneteithe ( 526a)
for CCeht Ql%aggrgen %Pe%?ernk 55”&)&'1@&69 Y& le(thIlId t\fl?ough the pass-through aperture to
engage a disk drive carried by the disk drive transporter when the disk drive transporter is

inserted in the test compartment.

15 59. A disk drive testing system (10) comprising:
automated machinery (300); and
a disk drive transporter (400, 400b, 400c) comprising:
a frame (410, 410b, 410c) configured to receive and support a disk drive,
and
20 a clamping mechanism (450) comprising:
a first engagement element (476, 700, 750), and
a first actuator (454, 710, 760) operable to initiate movements of
the first engagement element, wherein the automated machinery is configured to control
operation of the clamping mechanism.
25
60.  The disk drive testing system of claim 59, wherein the automated

machinery is configured to releasably engage the frame to control movement of the disk

drive transporter
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transporter, and ii.) an open end (525a) providing access to the test
conpartnent for insertion and renoval of the disk drive transporter; and
iii.) a fwospbosrgmgenent el enment (530) nounted to the heasiusgooswk@sei n t he
first engagenent elenent is configured to extend through the pass-through
aperture to engage a disk drive carried by the disk drive transporter when
the disk drive transporter is inserted in the test conpartnent. 59. A disk

drive testing,.system(10 onpri sj ng. . aut ormat ed_.nachi 300) ; di sk
drive transpopfefﬁ?%5%%“%%%ﬁ€£ﬁﬁﬁ%T9%%ﬁ%P}%?%ﬁgmgl&ggﬁ%&%ﬁ%5f8§¥ﬁggg4i0c;S
conf i gur gdclifery @6 RIpYiBesaN@bSILEPOY, theroBbtdonthirisig; and a cl anpi ng nmechani sm

(450) conprising: a first engagenent elenent (476, 700, 750), and a first
act uat or (454anpyeablgan) (JPsra@Bl e to initiate noverments of the first

engagenent el j i I; I; to
control opera?g%ﬁﬁgkmgﬁé%@ﬁghggﬁgyéggﬁgﬁgggﬁ§ggﬂ%4%55%Pgﬁﬂ%?ggg%?gsting
syst e otorigaidih tb Yelemhblyeinpadehre fumonatedraracivementyofitse disktliigerr ed t o

rel easabl y engage the frame to control novenment of the disk drive

t r anspor F&8OHCr The di sk drive testing systemof claim59 or claim®60,
wherein the automated nmachinery conprises a robot (300), the robot
conprising: a noveable arm (310); and a nmani pul ator (312) connected to the
nmoveabl e ar m 62veeiisk drhve tesimg pydtan of clasm 6dnwhepaingle ranipelatersabpsraldagage
the frane to control veqﬁnt of t%ﬁ di sk drive transporter. 62. The disk
drive t eStSORGOSSREF AN e dpRpEe MSEARMEPN t he mani pul ator is operable to

cont§pl operation of the clanping mechani sm
63. The disk drive testing system of any one of claims 59-62, wherein the frame
(410, 410b, 410c) comprises a face plate (412, 412b, 412¢) defining an indentation (416)

configured to be releasably engageable by the automated machinery.

64. A method of transporting disk drives (600) for testing, the method
15 comprising:
actuating automated machinery (300) and thereby moving a disk drive
transporter (400, 400b, 400c), carrying a first disk drive between a first test slot (500,
500b) and a loading station (200); and
actuating the automated machinery to operate a clamping mechanism
20 (450) such that the disk drive transporter is clamped to the first disk drive during

movement between the first test slot and the loading station.

65.  The method of claim 64, wherein moving the disk drive transporter
between the first test slot and the loading station comprises moving the disk drive

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

66.  The method of claim 64 or claim 65, 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.

30
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63. The disk drive testing system of any one of clainms 59-62, wherein the
frame (410, 410b, 410c) conprises a face plate (412, 412b, 412c) defining
an i ndentwDi2009/079206) configured to be rel easabl y engage&braskgosiobas1

aut omat ed machi nery. 64. A nethod of transporting disk drives (600) for
testing, the nethod conprising: actuating automated nachinery (300) and

t hereby noving a disk drive transporter (400, 400b, 400c), carrying a first

0ok 9TLve Dobteenn bl o SRlo RN R OOl pu g il o

(200); and ac rnery’to opera
nechani spmaéith&)y & bpdtatehiad climpinginsdchaiibvm@otnpaiben0ahing itife diblagpead to the

first disk drive during novenent between the first test slot and the
| oadi ng Sensppider. to 8 firphdiskai roprQfto @oying 1Ba dislydse franPevehietRe) Wesk dri ve

transporﬁg[Egﬁﬂ&ﬁﬁgtﬁyga&hé§&ﬁ5§st slot and the | oading station conprises
e dis r

novi ng t Ive transporter carrying the first disk drive fromthe

| oadisng station to the first test slot. 66. The nethod of claim64 or claim
65, wherein ving. the disk_drive transporter between the first test slot
and the Toadi o SCERS BRTCEAEPISUE GG HD. BPGiE AT b it €]

car ryi ngmbfiindr k$b c%t%lfhedélhﬂ’lﬁinfgrn%&&ﬁ%nfcbﬁéhsés%iémﬁ&gﬁhetcﬁsl% Mevd oadi ng
station.67. The method of any one of clains 64-66, wherein actuating the
aut onat edanspattérrie the first digedavaastthe disk dripé trgnspedbrain bsimg caoysed ibsexceslttmpi ng

the disk.drjve. tra rter to.the first disk drive prior to noving the disk
drive tr%ﬁ&ﬁﬁﬁ¥@%m§§@%8®ﬁngﬁ%h??rst test slot and the |oading station. 68.
The ygethod of any one of clains 64-66, wherein actuating the automated

machi nery to operate the clanpi ng nmechani sm conprises clanping the disk
drive transpof%er Tl mpdofl of sny enoskd cdping 8448, fMCHEQRPERINSje transporter is

bei ng noved bet wee fi |.o: | i.Ng - 1Qn:..69. The

nmet hod of any one 6¥&%ﬁ§ﬁ%%£%%5@§é“@ﬁH%ﬁ@?g8§%§F?§?gﬁﬂg%§#§§?%ﬁ8“%he

aut omat eghdredbynenidlarhpingpiey diklediietralspoguérfpnraefasi disk davk, hixetheby

uncl anmpi ng the disk drive transporter fromthe fﬁrgi gLsk drive, agd t hen
actuating the automated machinery to insert the disk drive transporter an

15  the first disk drive into the first test slot.

70.  The method of claim 69, further comprising 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 and the first disk drive are

20 inserted into the first test slot.

71.  The method of any one of claims 64-70, 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
25 actuating the automated machinery to remove the disk drive transporter

from the first test slot.

72.  The method of claim 71, further comprising:
actuating the automated machinery to operate the clamping mechanism
30  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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actuating the automated nmachinery to insert the disk drive transporter and
the first disk drive into the first test slot. 70. The nethod of claim 69,
further cwoppési7eryoact uati ng t he aut omat ed nachi nery t oPOparsats/08¢181

cl anpi ng mechani sm and t hereby cl anping 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. 71. The nethod of any one of clains
64-70, further conprising: actuating the automated nachinery to operate the
cl anpi ng mechani sm and t hereby uncl anping the disk drive transporter from

the first tesys sl Omexﬂ@@loab%f&{ettﬁtchdaﬁsmﬂzaﬂmmm%m@i nery to renove

the disk drive transporter fromthe first test slot. 72, The nethod of
claim 71, further sompngsicaonaed archigenyie opereisriae eldmpineHine@ayistlo oper at e

t he cl ampin chani sm and t.hereby uncl in h i i sporter
fromt herT"Pr\dit %rggﬂ}’%cﬁa’a?‘i“gghep#lfs ?mfé/otr?'néﬂ%%i%n?ﬁt&ecgflg IEESSE?I?{/%SY)? ’rfgaqloggor ter from
the fgd rsiyqiiggt slot.73. The nethod of any one of clainms 64-72, further
conprising: actuating the automated machinery to operate Ehg,ﬁla i ng
mechani sm and t herasiiatioa dheansemeted machingl aadihechy gmoysieths dskdm'a second

test slot (50 00R).; actuating the automated nmachi nery and
ahBv R e S S

t her eby ¥ rirve transporter fromthe second test slot. 74.
The nethod of claim 73, further conprising capturing the first disk drive

fromthe | di tati ith the dj dri 1 t ft i th
om e oadi o ot o AN Lne, ek dri e Lianshort ot LLEL KbV ng (he
firsg, di é{h%% 168gi YibA R3TRY bide akiDE i Bl e rdh ARSPOldRk drfVle0

W | I S

engagemnen rst rive using the automated machinery. 75. The
met hod offarspaitenfdn tre setaidrtest 4]ot fwirdréie captoripg theifirgt dight drad eognprises aut omat ed

machi nerl%osri?lgct) ee i?lz gri\t/eht?ancs{)grrgglill?t% egggg%%@n? vr\rflltgr&ge 1rrs]te 51?1?}{11'%'@”85'13%'@”9 the

automated machinery.

15 75. The method of claim 73 or claim 74, further comprising actuating the
automated machinery to operate the clamping mechanism and thereby unclamping the
disk drive transporter from a second disk drive (600), and wherein removing the disk
drive transporter from the second test slot comprises removing the disk drive transporter
carrying the second disk drive from the second test slot.

20
76.  The method of claim 75, further comprising actuating the automated

machinery and thereby moving the disk drive transporter carrying the second disk drive
between the second test slot and the loading station, and
actuating the automated machinery to operate the clamping mechanism
25  such that the disk drive transporter is clamped to the second disk drive during movements

between the second test slot and the loading station.

77.  The method of claim 76, further comprising actuating the automated
machinery to insert the disk drive transporter and the second disk drive into a disk drive

30  receptacle (224) at the loading station.
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di sk drive transporter froma second disk drive (600), and wherein renoving
the disk drive transporter fromthe second test slot conprises renoving the
di sk dri weotzn@mypant er carrying the second di sk drive fPomush@sseadond t est

slot. 76. The method of claim75, further conprising actuating the

aut omat ed machi nery and thereby noving the disk drive transporter carrying

the second disk drive between the second test slot and the | oading station,

and actuati ngﬂ%he ﬂé%{%\? to‘ﬁ?o&%gxi}c{]ogf:c\fai}n% 6?262{)0? f%ﬁ&rﬁ]@g&iﬂﬁgsiggchani sm

such that the’'disk 1'S°C € Séco sk drive

during novements bgiweRg thhsuts@aeed thdchisibrysbahseane ke dhioadumgostanion. 77.
The nmethod of claim 76, further conprising actuating the autonmated

nmachi ner {etigstitess slot; apRéhadi sk drive transporter and the second disk drive

into a disk drive - i ' met hod of
any one of clains %Ci&z@%g@ g"f&%%é)jpﬁaﬁc?ﬁg& t%%ﬁ%afkgragg}dg%étg ?hr?ggtﬁhe

aut ormt eghdaedebyelaynpirg the desktdrivh eraddpektediol the fitst ansgot dfer thentisk ddnee i r st

test slot; and then actuating the automated machinery to operate the

cl anpi ngUHSBHEHIS HSEE pincthe té‘l’séﬁﬁ?ng the disk drive transporter to the
first test slot after the disk drive transporter is inserted into the first
test slot. 79. A nethod of transporting disk drives (600) for testing, the
met hod conpri %.ng: Aandthed digprnaperonatsl dmxeh{oNe) for (3003, thevdhethedr eby noving a
di sk drive transporter (400, 400b, 400c) carrying a first disk drive

bet ween @S t est sl ot (500, 500b) and a second test slot (500, 500b);

and grtuating the aulRmehagnimshhieivery 3RperdtiRrebych@niy Agiskeiekani sm (450)
such that the disk drive transporter is clanped to the first disk drive

duri ng nianspenter (HeQ, Weeh 408e) darmying & Best disk drivaheiweprea st bistslpe@0s| ot . 80.
The net hﬁﬂ)gs)]é?é:lﬁgeicrgng%st W@F.S@b’%o% ,légai ng the automated nmachinery to
a

oper ate i ng nechani'smconpri ses clanping the disk drive
transporter to theactuating the automated machinery to operate a clamping mechanism

(450) such that the disk drive transporter is clamped to the first disk drive during

15  movement between the first test slot and the second test slot.

80.  The method of claim 79, 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

20  the second test slot.

81.  The method of claim 79, 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

25  the second test slot.

82.  The method of any one of claims 79-81, 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

30 test slot.
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first disk drive prior to noving the disk drive transporter between the
first test slot and the second test slot. 81. The nethod of claim 79,

wher ei n aworatwatgeophe aut onat ed machi nery to operat e thecthsepsiogsisechani sm
conprises clanping the disk drive transporter to the first disk drive as
the disk drive transporter is being noved between the first test slot and
the second test slot. 82. The nethod of any one of clains 79-8 1, wherein
novi ng the di drive transporter.between the.first test slot and the
second test s %t c megl@goﬁﬁ(%rﬂéztﬁ’g\ﬁ%i%%mpd}sf% transporter carrying the

first disk drive faamtinpehd hitsihafed$iachinety to@parattstht RRingReomdcia@ii sl ot . 83.
The nmethod of claim82, further conprising: actuating the autonmated

machi ner §nd therspr paelampiig the dislorriye Wansnanersiom e nskieaiotuand Bei ng t he di sk
dri t t i S| : : i
rive transporter é&?%ﬂn%hﬁe gdtBﬁ%th SRRl o BRdvd ﬁ@@@%@ﬁfaﬂgpomp

aut omat ed nmachi ner enove t ve transporter omthe first
t est =l ofrom8#e fildaesmddbhod of claim 83, further conprising: actuating the
aut omat ed nmachinery to operate the clanpi ng mechani sm and t hereby

uncl anpi ng the disk drive transporter fromthe first disk drive prior to

removing the gisk @lﬁ‘%&gthtog%@gggﬁtgg,rfujﬁgmmsmgq st test slot. 85. The

met hod of claim 83, further conprising: actuating the autonmated nachinery
to operate the cl ampratpgriechdomsied amthinhertewpenatecthariaimpang mecldinskn dri ve

transporter fromthe fir i drjve nd. t hen ac tiing the automted
machi ner ilf‘d[tge‘ieﬁg 8R¢ a’flﬁ’é‘ggf‘%gisg5?3%{@?589’2?%9"%&%%5{ ‘#{g}éd?%r%?md?sk drive
i nt 04¢ herepRRANGRE 8fk dSivetrangRrterhemTRS hRdtef si6d ai m 85, further conprising
actuating the automated machinery to operate the clanpi ng nechani sm and

t hereby clanmping the disk drive transporter to the second test slot after

the disk dri V$5 t ra,?ﬁé)%re{h%(ri o?@ﬂirﬁ@? ﬁ%&tw%psr}gin%r_i ve are inserted into the
it . ’ '

second test si©O
actuating the automated machinery to operate the clamping mechanism

and thereby unclamping the disk drive transporter from the first disk drive, and then
15 actuating the automated machinery to insert the disk drive transporter and

the first disk drive into the second test slot.

86.  The method of claim 85, further comprising actuating the automated
machinery to operate the clamping mechanism and thereby clamping the disk drive
20  transporter to the second test slot after the disk drive transporter and the first disk drive

are inserted into the second test slot.



