Engagi ng Test Sl ots CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s pat ent
application clains the benefit of priority of United States Patent

Appl i cat iwo 2bie/0304841872, 401, filed August 31, 2010, the eamtusedigz/oedoiwhi ch is
her eby 5i ncorporated by reference in its entirety. TECHNI CAL Fl ELD

This disclosure relates to engaging test slots and rel ated devi ces,

systens, and net hods. BACKGROUND 10St orage devi ce manufacturers typically
test manufactured storage devices for conpllance with a collection of

requi renents. Test equi prent EmPagicighil@séSletsst for testing |arge nunbers
of storage devices serially or in parallel. Manufacturers tend to test

| ar ge nunbers of storage devices simultaneously. Storage device testing
systens typically include one or nore tester racks having nultiple test
slots that recei veCROSSI8EFERENCEETORELAGHD APPLICASDIEN Cases, the
storage devices are placed in carriers which are used for |oading and

unl oadi ng t heThis prisgearpbivaticasclaions shebmeBhefmiorinest Undrddtates Patent The testing
environ r I M ni mum
Ferper at SRR eht £t IR A D AR A SRR b oy it For
accuraienme@bnmﬂﬂﬂhkﬁﬁa&eamdsE@me@afety of the storage devices. In
addition, the | atest generations of 20disk drives, which have higher
capacities, faster rotational speeds and smaller head cl earance, are nore
sensitive to vibration. ExcessTHCHMNICAL K®LBRffect the reliability of test
results and the integrity of electrical connections. Under test conditions,
the drives thEhg énw@ur@aﬁlawﬁ spensaemevesh slets g cleicdslgyiscs SpPent iaHg

struct ur g8 QE fixtures to adjacent units. This vibration "cross-talking,"
together wth 'external sources of vibration, 25 contributes to bunp errors,
head sl ap and non-repetitive run-out (NRRO, which may result in | ower

yi el ds and i ncreased nanufacturlﬁg» ?) rrent di sk drive testing
systens enpl oy automation and structural” support systems that contribute to
excess Vi brat S©ngcidovicheasyticemrangiaily &g tahefab@rgiestdrogd gaviides $or 1

compliance with a collection of requirements. Test equipment and techniques exist for
testing large numbers of storage devices serially or in parallel. Manufacturers tend to test
large numbers of storage devices simultancously. Storage device testing systems
typically include one or more tester racks having multiple test slots that receive storage

15 devices for testing. In some cases, the storage devices are placed in carriers which are
used for loading and unloading the storage devices to and from the test racks.

The testing environment immediately around the storage device is regulated.

Minimum temperature fluctuations in the testing environment may be critical for accurate
test conditions and for safety of the storage devices. In addition, the latest generations of

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

25  contributes to bump 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.
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SUMVARY In general, this disclosure relates to engaging test slots
and rel ated devices, systens, nethods, and neans. 5ln one aspect, a test
sl ot is emgaged3wmsth aut onat ed machi nery to inhibit novecEmS2af/osdye9 t est
slot, thereby inhibiting transm ssion of vibration fromthe test slot to
its surroundings. Wile the automated nmachinery is engaged wth the test
slot, the automated nachinery is actuated to insert a storage device into
the test slot, or renove the storage device fromthe test slot. 10In
anot her aspect, an apparatus includes at |east one engagi ng el ement
configured to engage a test slot to inhibit novenent of the test slot,
thereby inhibiting transm ssion of_vibration fromthe test slot to |ts
surroundi ngs. The appar at us furt hetUMAMABYes an aut omat ed transporter,
while the al |Eastreneis SAIRGAGSIS P a: Fﬁlg%ﬁ@%%danwra*ateh%vﬁcsét sl ot,
configured to 1 hsert a storage device |n the test slot: or reémove the
st or age Qstﬁenmﬂmd&mmdManest slot. I n anot her aspect, autonmated

nachlnery |nc udes ns fo (&N est lot to in novenent of
The thet sl ot I GhicisBby & ol ey Sig eranah E8irafaShacishald BHbT om the. ¢ ost
sl ot to inbSeréttioPunRdbNgiot, tf[&@bymﬁlmgedaﬂmﬁm&%m@aﬁ@n frBfl tHel st IANS for,
whi | e the aut omat ed nachlnery I's engaged with the test slot, inserting a

st or age @aissweopndings KWhiledre ammm m@¢hln@m¢l¥¥@g¢dﬁ‘€lth ﬂtﬂtaijéloﬂ,éw ce from
the teStastl Ot ated ma rrts)Od &g t[0 in &y ora ed% Q8 ?ntO t tslo? rtrhr% feotlhI oW ng
f eat ur es™ THACE TESHEE O™ AR %ery eng (HEE &8P "8 6t Wit H "ohe or - nor e
actuatorgpn@hee@agﬁ@m¢n@&gtg@ﬂuators |nclude one or nDre flrst engagi ng

el enents. The test slot includes one or nore second engagi ng el enents.
Enga#fl ng t he treatother aipepthan aprasateninsiudes dtHeasbare ggeginge spfEmresd enent s

t° te”pogo?e{ng%g’e LRGS0 ‘i&&?&o%ﬁerﬁrof%rt@ %Fo?ocﬂgegﬂe il {%Lr?sﬂﬁ&ﬁo?r The one

nor e engagl ng el enent's nmay |ncIu e an el ect rom a
g r oup coofsvibtatiog frotn tha tgt slot @ itseaassndiagss I Tdie,apparag figther arcladthesi ve, a

cl asp, and a hqok. The one, o re first en a i ng el enents

al t er nat ?%Wegéraemgtﬂ LY@)[ dﬁ%gﬂﬁ%ﬁt P pieesid te ﬁ‘g‘ﬁ}sfeél&%getdd"&ﬁéﬁg@tt he test
sl ot by i, E&ﬂf@ﬁredﬂ%@n&% QbraPOHS/ i SERRc BROQEH, BYrEISTBRL SiofBY déIEd ude 30an
el ement selected froma group consisting of: a pin, a recess, a slot, a

magnét , &om thelfvssilote, a clasp, and a hook. The one or more second engagi ng

el enents may al ternativel nst ucted as to present a sur ce to be
engaged by frf NOgHT aspTED éﬁ?gﬁﬁﬁ‘ e?ﬁ@@ﬁﬂ§56§&58ﬁ§ﬁe# ‘?ncludes

a mani puinBt mbRImGabT thichékt SIde tl§ér@c§yaﬁﬁ1bltlng transmission of vibration from the
test slot to its surroundings. The automated machinery also includes means for, while the
automated machinery is engaged with the test slot, inserting a storage device into the test

20  slot, or removing the storage device from the test slot.

Embodiments may include one or more of the following features. The automated
machinery engages the test slot with one or more actuators. The one or more actuators
include one or more first engaging elements. The test slot includes one or more second
engaging elements. Engaging the test slot includes causing the one first engaging

25  clements to temporarily connect to the one or more second engaging elements. The one
or more first engaging elements may include an element selected from a group consisting
of: a pin, a recess, a slot, a magnet, an adhesive, a clasp, and a hook. The one or more
first engaging elements may alternatively be constructed so as to present a surface to
engage the test slot by friction. The one or more second engaging elements may include

30 an clement selected from a group consisting of: a pin, a recess, a slot, a magnet, an
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device. The actuators are coupled to the robot and/or the manipulator. The
storage 5device is carried by a storage device transporter. The autonated
machi ner yworelzugesia robot and a nmani pul at or for engagi RGTiUSR01S0dMAYE
device transporter, and the actuators are coupled to the robot and/or the
mani pul ator. The at | east engaging elenent is configured to tenporarily
connect to one or nore second engaging elenents of the test slot. The at

| east one, engagi el e t ingludes an el enent selected froma group
consi st i HCHFOR HF9: AXGHN0qks odis 00 O S SEORK HEEIEHCIEE R Ve, “a cf asp,

and a hogkrmatRelyde doBaSictQN® RNEBHsHY BLETRN, UenpslRRIRdritGoeNBRIe the test
slot by friction. The one or nore second engagi ng el enénts include an

el ement swbwated dnachmayangndesn wbasthst inplydesfa mappnlaton foreeymg the stortge a
magnet, an.adhesive, a clas d,a hook. . The autonmated .transporter

corpr i seQ-ViH oifbc e i aPnIsEL e weliol But/ar B R Bapt THGRE st or age
devi ce, uhescehk Barkide bta stRASE dONR thagRGRE! THe flteMERH naghietPinedéwa t he robot
and/ or the mani pul ator. The storage device is carried by the automated

t r ans por ¥obpt anpremaeipylatos feyfengpging Fhorragedayirs tmapeytoar wddbe adtentons afh t he
acconpanyj i e L1pti . he t. j ects,
and advaﬁl@gegg&% ﬁraggtea%ggoﬁg@ee%l? 1%5 ﬁlglf%?'t Eggétglg%:sg;é% a}%(;)r% %ﬁhgﬁrlgém&ﬁi S 9 and from
t he cl ai tatempORESCRINATdt@NoAFoRANA hsh dFdn@agitg ERnnpafsipeettsie. Thewt of a
storage device testing system FIG 2Ais pe%f&ecti ve view of a test rack.

FI G 2B i §24 oHeCRgsie PEPSPaRt ides 2)ictilnt sdcCet Fpr FraeRprmat!iBe P oI he t est
rack,pf . £ lre@ess,zf‘?log,éﬁh%et, %ﬁ‘aﬁi%i\%?a @1ra§p AN Q%o@leTf?@gtHeﬁ?B@Q%%ﬂlg VI ews,
of a tes FIG 4 Ve Vi

respectively, slot carrier. I's a perspecti w of a
t est sl otlemsstasbdaptedib@ngdpeitbe st Dt byi femtiof. Bhesdmerageord sedond cheggdingg
system FEIG 6.i . B peis ective (Y'%ew of a storage device testi ng sa}/stem

clements include dan element selected from a group consisting of a pin, a recess, a sfot,

magnet, an adhesive, a clasp, and a hook. The automated transporter comprises a robot

that comprises a manipulator for carrying the storage device, wherein the at least one

15 engaging element is coupled to the robot and/or the manipulator. The storage device is
carried by the automated transporter.
The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

20 DESCRIPTION OF DRAWINGS
FIG. 1 is a perspective view of a storage device testing system.
FIG. 2A is perspective view of a test rack.
FIG. 2B is a detailed perspective view of a carrier receptacle from the test rack of
FIG. 2A.
25 FIGS. 3A and 3B are front and back perspective views, respectively, of a test slot
carrier.
FIG. 4 is a perspective view of a test slot assembly.
FIG. 5 is a top view of a storage device testing system.
FIG. 6 is a perspective view of a storage device testing system.

30 FIGS. 7A and 7B are perspective views of a storage device transporter.
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30FIGS. 7A and 7B are perspective views of a storage device transporter.
FIG 8A is a perspective view of a storage device transporter supporting a
st orage O®0I20R2/030486. 8B is a perspective view of a stor&ge/usemiloes919
transporter receiving a storage device. 5FIG 8C is a perspective view of a
storage device transporter carrying a storage device aligned for insertion
into a test slot. FIG 9 is a schematic view of test circuitry. FIGS. 10A
and 10B are p ctive views of a.front portion of a test .slot,

FIG 11 is a BT SRdS e PPSATNa G & ¢ Hefpee Hovies Gnsperist shBRAiS 3 piopigeng
engaged pyidOlactuators. FIGS. 12A and 12B are perspective views of

actuat ors. FIG 13 is a perspective views of a transporter being

i nserted i nt oF: 8Bgs apbpeative iveew dilea stesige dbate irgnspoergectivyg astonegdeor s.  Li ke
referencifﬁ%gbols in the various drawings indicate |ike el ements.

15DETAI L SCRI PTI ON System Overvi ew As shown in FIG 1, a storage
devi ce testi ngIGRELieMpEApidiat wil®soRa Rbtabakltive @insheér daﬁgiﬁ% alddflage. 9., 10
test racks shown), a transfer station 200, and a robot 300 (sonetines

r ef er r eddevicozdicapd fosinssranaatota tlepfslr t er ") . As shown in FIGS. 2A and 2B,

each test r aC#IG. 9 is a schematic view of test circuitry.
FIGS. 10A and 10B are perspective views of a front portion of a test slot.
FIG. 11 is a perspective view of a front portion of a test slot being engaged by
10  actuators.
FIGS. 12A and 12B are perspective views of actuators.
FIG. 13 is a perspective views of a transporter being inserted into a test slot while
the test slot is engaged by actuators.

Like reference symbols in the various drawings indicate like elements.

15 DETAILED DESCRIPTION

System Overview

As shown in FIG. 1, a storage device testing system 10 includes a plurality of test
racks 100 (e.g., 10 test racks shown), a transfer station 200, and a robot 300 (sometimes
referred to as an “automated transporter”). As shown in FIGS. 2A and 2B, each test rack

20 100 generally includes a chassis 102. The chassis 102 can be constructed from a plurality
of structural members 104 (e.g., formed sheet metal, extruded aluminum, steel tubing,
and/or composite members) which are fastened together and together define a plurality of
carrier receptacles 106.

Each carrier receptacle 106 can support a test slot carrier 110. As shown in FIGS.

25  3A and 3B, each test slot carrier 110 supports a plurality of test slot assemblies 120.
Different ones of the test slot carriers 110 can be configured for performing different
types of tests and/or for testing different types of storage devices. The test slot carriers
110 are also interchangeable with each other within among the many carrier receptacles
106 within the testing system 10 allowing for adaptation and/or customization of the

30 testing system 10, e.g., based on testing needs.
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20100 generally includes a chassis 102. The chassis 102 can be constructed
froma plurality of structural nenbers 104 (e.g., forned sheet netal,

ext ruded wbueni2nimsist eel tubi ng, and/ or conposite nenbeP€)/Uské1ci4@ne
fastened together and together define a plurality of carrier receptacles
106. Each carrier receptacle 106 can support a test slot carrier
110. As shown in FIGS. 253A and 3B, each test slot carrier 110 supports a

plurality of test slot. assenblies.120 i fferent ones of the test slot
Carriers 110 SaPTBE S GUrel nr it BB AR gTar ForOHECABES T Bt s

and/ or f @dvideRsdidn@y et e iR bediReSoRfaspicArR98s E&@t\(ﬂ%eﬁ diskhgivbest sl ot
carriers 110 are aP,so i nt erchangeabl e with each other w thin anong the nmany

carri er gaculyaciomsvolatile stoa@eweviet whidhestares digigllsgrsioded d0a ah Fapndlpg f or
adapt ati on .and/ custom zation.of the 30testi.n tem10, e.qg., based on
Ceating Huuge pidler™ i AReE Rl S A St EE RE ITLRR o efiedos di sk
drives, galid¢cthstBtesdlidlaotes meRINp ty/stohe\petesient ABEA. AYSSIB Vikiag SRav dpenef i ts
from asynchronous testing. A disk drive is generally a non-volatile storage

devi ce WRRAM sinstiead obiflaghtragmery e iscdige dalied aROMdaie dilje teomaplidrgtapt at t er s
w th magpet.|.G .S Sl j. d- ' ¥ t.a storage 5
devi ce tgeglt&aﬁl edégt{sngﬁﬁggssgtggﬁ gtar%g?r%ér@&‘?%%s‘%rglggﬁ%ﬁg‘?hé b%ﬁ eggcteg'. An SSD usi ng
SRAM or DRAM Ak siséveraih KIG. #t] @h tevesior ykermblydR0éicledds laagtbragdRAViadr i ve. The

termsolid-state generally distjnguishes solid-state el ectronics from
el ect r orBERAPHHAOD i euar SORsantSGHaLPd gt mpveRasemplysiils |T§F SQESNDI y 120

| ncl ygesy & &ty &9¥b &8 tHe%écPR{rtc%tuﬂﬂgsto?a E%é&igéé&io @0 frd thedn
assocl ated air ver asseI}{bI y 700. e storage 10device transporter 400 may
be used frarsfaaptioni2g) stddoagansgeningalse G0gé devgeg 60 toront lo€ thertesisfoer st at i on

200) and_fo rans ting,the storage devic 00 to.one of t test slots
200 1 o “a0eBlor SR PEAG LBthien Rt sorier Sl Sl o ens e S o
portion BEAorddesfoOMHRek tdsPBomPRndrbboes r@ceﬁﬁﬁ%gﬁ@&ﬂ?ﬁé Ligene dodef or

recei ving one of the storage device transporters : The rear portion 500B

carries tansporiesstDOnThateer pertion HOMB darBizga comricghon Bicafack bgard 5gBnwikichi on

interface circuit %f ?)erringto FIGS. 5 and 6, the robot
|

300 i‘hcl (e aac‘?%lﬁ‘g}?ol%ci Qﬁ%%gl% 'uétnléza(F@ pul ator 312 (FIG 5) disposed at a
di stal end of REREiHOBHIGS. Rafd 81Be robde30®RRIIdEs aFdPoBd @rrileid BeBaa first axis
314 (F Gmar?l)pu{a}l?orr r?51”2 (lgl%}.aS) fd}sggsredséltj; fd?s%a? er?c% (osf t%g ?o‘tiostic%?r(?lrfllg.l gl"hte ?obotic
arm 310 defines a first axis 314 (FIG. 6) normal to a floor surface 316 and is operable to
rotate through a predetermined arc about and extends radially from the first axis 314
20  within a robot operating area 318. The robotic arm 310 is configured to independently
service each test slot 500 by transferring storage devices 600 between the transfer station
200 and the test racks 100. In some embodiments, the robotic arm 310 is configured to
remove a storage device transporter 400 from one of the test slots 500 with the
manipulator 312, then pick up a storage device 600 from the transfer station 200 with the
25  storage device transporter 400, and then return the storage device transporter 400, with a
storage device 600 therein, to the test slot 500 for testing of the storage device 600. After
testing, the robotic arm 310 retrieves the storage device transporter 400, along with the
supported storage device 600, from one of the test slots 500 and returns it to the transfer
station 200 (or moves it to another one of the test slots 500) by manipulation of the
30  storage device transporter 400 (i.e., with the manipulator 312). In some embodiments,

the robotic arm 310 is configured to pick up a storage device 600 from the transfer station
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rotate through a predeterm ned arc about and extends radially fromthe
first axis 314 20 within a robot operating area 318. The robotic arm 310 is
conf i gur edot2012/03a8pendent | y servi ce each test slot 500 pgTiusasgfesond ng
storage devi ces 600 between the transfer station 200 and the test racks
100. In sonme enbodi ments, the robotic arm 310 is configured to renove a
storage device transporter 400 fromone of the test slots 500 with the

mani pul a 312, then pic p, a storage device. 6 fromthe transfer

stat | on- 28w i oarsBer 4L gatudore BT e 00608 Ehalo HERSRL L ur n ¢ ne
storage g&ukiehclKARISPRVIRI608AR tharitRIA 560 8Y RA8nHENIHEsiER HenesrgEN, to the
test slot 500 for testing of the storage device 600. Aftér testing, the

robot i c deviec3N0 in ¢ha steags devhes tsanspartper 406 wnd ehenrvgestprgrthe stok@e dewicong wi t h
t he supported, st.or.age devi 0, . from.one of the,test slots.500 and

Fetur ne TEspEreiig (RS SR P68, AR 580 RGP AT o Rss BeGbRTERE or ¢ he
test sl ot B ©QEhobkytheBHratd @i B00fronhec 3031 R RYG cdRMbfRtct BomsRDichgh 400
(i.e., with the manipulator 312). In sone enbodi nents, the robotic arm 310

i s confi ie B trapsier #RiA2M. st or age device 600 fromthe transfer station

200 with the byl at 342, n | 0 a test
sl ot 500, andﬁgi%'fﬁ;%tt8 Pﬁﬁg '}SL%Sszg, %gg?/og%éeg%es&%%raﬁ %jgortgg}s{?d:lgﬁctﬁ){ag%%o by neans
of deposfrimagd10 bed s tlampie WestiaaBmMEAND. i Thetflugns4 lriagiadeevfaceplatcatifpts er 400

and then inserting the storage device transporter in the test slot 500.
After tedomgn Hie7rot00s %ﬁa%?ﬁﬁlrﬁaf@ 448 {358 Pin  pufiedings 2. ingieptation r eppve t he

st or gge i : | ASRRLL; nit to
t he '?drg anil érﬂgetlgg%éﬁfo%omol.%r&%g? é?érllé%gat?gyll—%%a B?A an%%?l%? glezagﬁg gjggﬂr devi ce
t r anspor therolti@ armdA10dekich aflowsthe4dbotarmmal 16l tagpabrapdmeateathe samspbicr The

franme 410 j ncl udes a.fac | ate.412. As sh .in Fl 7A, along a first
T 2o 200, RS s g i S BedaS it ainsat M s sldyatiert ond 6 et
i ndent at {161 568 &vigARc Rsbot %@@g,@fg{ g/rasmg,q%tﬁ}yw}se%ng@gﬁ&aﬁ%ﬁe%@ém@tﬂo% (FIG 5)

of the robotic arm 310, ich al'lows the robotic arm to grab and nove

the tr gn?kﬁﬂﬁtéﬁt trm@]tcp.orterrﬂ(lﬁs@,th ﬁfénajﬁplﬂﬁer %1?@%@%3@@- tlhgdgperdldr s 400 is
] s 5 i 00 . g.
ey L S 1L b R PR M SR RS e o

wi th theqxmni pul ator 312 of the robot 300). The frame 410 15defines a

substantial ly U shaped oEeni ng 415 fornmed by sidewalls 418 and a base plate
420. ReReferringgotfdGR| &5, S and &6, withdhggtorage dpviene0&nglaagevideni ce 600

L PLacey T L005,40,00 ot e Sl LOBaRLEE1FO, 1
noved byartdtte sobicideviae 608 ldgehiet Gan &) mbagd by the robotic arm 310 (FIG. 5) for
20  placement within one of the test slots 500. The manipulator 312 (FIG. 5) is also
configured to initiate actuation of a clamping mechanism 450 disposed in the storage
device transporter 400. Actuating the clamping mechanism 450 inhibits movement of the
storage device 600 relative to the storage device transporter 400. Releasing the clamping
mechanism 450 allows for insertion of the storage device transporter 400 into one of the
25  test slots 500. The clamping mechanism 450 may also be configured to engage the test
slot 500, once received therein, to inhibit movement of the storage device transporter 400
relative to the test slot 500. In such implementations, once the storage device 600 is in
the test position, the clamping mechanism 450 is engaged again (e.g., by the manipulator
312) to inhibit movement of the storage device transporter 400 relative to the test slot
30 500. The clamping of the transporter 400 in this manner can help to reduce vibrations

during testing. Additional details of the transporter 400 and the clamping mechanism 450

6



20pl acenent within one of the test slots 500. The mani pul ator 312 (FIG 5)
is also configured to initiate actuation of a clanpi ng nechani sm 450

di sposed w0 20t38480r age devi ce transporter 400. Actuati mgTiuseoialoasypd ng
mechani sm 450 i nhi bits novenent of the storage device 600 relative to the
storage device transporter 400. Rel easing the clanping nmechani sm 450 al |l ows
for insertion of the storage device transporter 400 into one of the 25 test

sl ots 500., The ¢l anpi ng mechani sm 450. al so he configured.to engage the
est st otiOBST GHER ohE S er HRRI Y R KE G Do DORHHAE B The Ty or age
devi ce t{RASIRANLEIU.SQRtdnehpilickBod R1cHNBIY BSD0®, @htiRRO«CANDEMCINVE

i npl ement ations, once the storage device 600 i's in the test position, the

cl anpi ngHEAJANKI s with B0oinsy dagkateambgerai $523e009700 bynvehtorsredrigll. Maorovg12) to
inhibit nmovenent of the storage devi ragsporter 400 rel.ative to the test
Slot 30500 Tt s Ra ST AR PSP or: BOG T PRI AV MR AThel p ¢ o
reduce VhAeR! ineopohidd higref@&ideng. Additional details of the transporter 400
and the clanpéh& mechani sm 450 and ot her details and features conbi nabl e

e

with those deBelermbudondtied insame Hapieagantipns, theesterags dani¢rfesting sypiament
lication fi it.ed " T1 VE TING' .. <Mt h
o or nay! Gt ot ¥ Ry o800gnaGHE 130 f tom IR N IO LT o1

and havi The asspaacdosed & confighex td ptdoR, ibdSotyRenesltdfitiee aonpedédcal the
whi ch are_ 5hereby incorporated by reference. . Referring to FIG 9, in
sone i mpPUhdkYerEnaHtomation infedredR capiipldle stawer Agvisy ketdng otcamtl-al'sh i ncl ude
al | GAST o 80FFQMRILEY in'cithrh i GRAUANESCH 8 Wbt S0dk MfhcliER LicklrBis Pfarc The
conputer 130 may be configured to provide Inventory control of the storage
devi ces tiGccanchl comannwatiameith connactien fraaéict eircatst 183lthithec disprsade devi ce

testing system 1Q. Test 10el ectronics 160 are in co ication with each
oot oPoMBHGREE (Ealote e s tenormdpiries ArgE He e KRR ot § o
W th congegtitArohiMiBfidaties wiihLitbrage d8&2cd Mreé’éi@edj\ivﬁ]ﬂﬁstﬁz‘éjas%éi&ied{'t&ﬁch the

test slots 500. These connection interface circuits 182 are arranged for
el ect ri celpt Whanchibereby provida for gommunisgionieativeen BOest eleeiremes Kiltdmdn t he

assocj ated test .sl ot..500.. and there rovide for co i cation between the
st i et Rttt deositin BaH AEL°TA, Ree b aTs RineiRT RS L0 eRE: <500,
e.g., fofoutXaculy Meludestfufic@ishhIgSest, Midich 88l intlaué tRBsg MRMmoNa! sfdRwar
functionality test, which can include testing the amount of power received
by the skespizgkbytvistasagotrviacid0oihe paetiafeg teatpseateeihe abiligetogeid ¢tdy t o read
and wite . the:abili i i r

tomper at (7 Lo A8t AOR {dltknl ARt AAMEC oA (R ) e
f unct i onkdtiahy wirés twhiteyoldest vieyesrya) maiho fyncZiOnd g tat maf tdshevesy arcagey devi ce
600 or Onlé)é? dom sanplings. The functionality test may test an operating
t enpét at Welr f therpépragoieyiss 9w calyeBadom semplatgs: Hae facHongltte st mgy of

conmuni CRLI ANsheWtin t% SR (ﬁgﬁe 6L E 8800600 S SN ldBtaThrit) ofd POVer

system 170 supplie ower to the storage device

communications with the storage device 600.
As shown in FIG. 9, a power system 170 supplies power to the storage device
testing system 10. The power system 170 may monitor and/or regulate power to the

25  received storage device 600 in the test slot 500

Engaging the Test Slot

As mentioned above, storage devices (e.g., storage device 600) are susceptible to
shock and vibration during operation and testing. Shock and vibration events can also
30  occur, for example, when a storage device is inserted or removed from a test slot 500.

During testing, storage devices are frequently swapped out for different storage devices
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testing system 10. The power system 170 nmay nonitor and/or regul ate power
to the 25received storage device 600 in the test slot 500 Engaging the Test
Sl ot woAs1vmBmsioned above, storage devices (e.g., storageoidovisee 600)
are susceptible to shock and vibration during operation and testing. Shock
and vi bration events can al so 30occur, for exanple, when a storage device
is inserted or renoved froma test slot 500. During testing, storage
devices are frequent|y swapped .out for different sto e devices, while the
Sur  oundr e beSHEEM e MEREE GruCer Sherfipet toale g R fSe i Splre

exanpl esganide GfTtuRGo Hsbilt bf Hitove@ HAaEE devi¥e FETMN S sit 80AUSthINdasSingr OM t he
test slot 500 without causing a frane (e.g., frame 502) of the test slot
500 from Bampi(fg. fams S0REoftthasst Jot1HW fogm bhmpingsintorthe khabeio 10FPEDe A and

thai 15 PRROh R RE gaP At gl R T B T Bkl e Rt o Vv

degr agdesyibhgioh $0édhaOR t96818IRd @f adjieent G6tagt 86%cdhAR othbhist A6QLWEIRhCcan be
anplified by the high density of the test rack 100, as the test slots can
be | ocat égrades dieoseatiprosehame f the teyi ackn®0h dhis yoklsrsap pe asyphidied by thesome
exanpl es, . | £J O i pr.at i e . . \Whi t he
105torag%gggg#§é(gggﬂﬁgq%ﬁ%ﬁghggggﬁ%%9Bgf%§§%%g%&§ﬁg§k§%gﬁ%@ﬂgyg%&ﬁ%re
el ect ri caloticonmestseing sphceent s | ocated in the test slot 500. In order for
t he storage device 500 #o mate or un-mate with the electrical connecting

el ements, sont WaYrEaMpiess yldgonaeshgck onsibrgligh sHENts farske geatekwhtletheon t he

stor gge ﬂ&‘é{ge8ex§996(é0ﬁ@!pﬁsﬁeﬂra%§m§ta& p%ﬂe@&x%%t BOm MR B bife LREERalr €qUi e to
insert the Storage device 600 into'the test slot 500. 150ne way to reduce
t he | i ketannoctthgoflersaus longted otk toxt slot Bt in@nd@fenths siosagealcuse 500 eci si on

autonmation, As descri.pe bove, an autompted transporter.(e.g., the robot
300" (F1 cvieyor@aringis 1igh Be BRat W SFRHing . FinG ROEPee Briedsenting o
renmovi NgNaw&inQy Ad§ HRYESE! WM thB stofcCRN I8 $h0 AR TbrcOlcarl BE ERatel thaf e
exanpl es, however, the location of the test slot 500 may change with

| oadi ng ek taivike toangretthe stoeagealsvich €00 yo ticdest sl §0&i at ed 20 with the test
sl ot 500 change shape under stress ,or- with tenperature. The auytonated
tronGort or e BASES sl e TE MDA ik srBRE & ShitiPn Vel BIO SR8 T on
sensor s, petistoR@ultonkiont AsHREGDel ABoVe @biteMaRt tiaRspdried (Bg., thBesktSeasors nay

sl ow down the operation, and may stil] be insufficient, as the nounting
frane magFlFpdkcanpetpore @rocissdban amahingscqsnmgerdingen EIeNydNg AHarage i s

di 11 Ul o TRASH B0 EHPSABALS 1h QmBLlardficd NERE GORE1ELGB b el v 25and

qui ckly. sone exanp a portion o e robot can engage
(e.g., oratslotfioNaimy dhagge withbadinpeandatitiaemptaturorasttixeisblatoey adodistade of t he
test slot gOO in order to reduce shock and vj bration evgnts caused by

i nsefd i nYitBhe testiat QY shangsshyes wdes Liess ey Wih sty toeeHemagst s ot 500,

1:588 r 0bOfra 3P0t Gy PRI nQVd BBk ubientSd RAiRA% AU, ERel fsBidn¥%BndoPs, bP et €5t sl ot

like, to sense the location of the frame. These sensors may slow down the operation, and

may still be insufficient, as the mounting frame may move in three linear and three rotary

dimensions, and it is difficult to measure and compensate for all of these cost-effectively
25 and quickly.

In some examples, a portion of the robot 300 can engage (¢.g., grab, pinch, hug,
stabilize, attach to, or the like) a frame of the test slot 500 in order to reduce shock and
vibration events caused by inserting or removing a storage device. By holding on to the
test slot 500, the robot 300 can push or pull the storage device relative to the test slot 500

30  without moving the test slot 500. Thus, forces exerted on the test slot 500 are transmitted

to the robot 300, rather than to the chassis 102 and adjacent storage devices.
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30w t hout noving the test slot 500. Thus, forces exerted on the test slot
500 are transmtted to the robot 300, rather than to the chassis 102 and
adj acent WOapRgB04B2Vi Ces. Certain features of tIRETUS2M11946M9 500 or
t he robot 300 can allow the robot 300 to nore easily or nore effectively
engage the test slot 500. These features can also allow the robot 300 to
approximately register relative to the test slot 500, and then engage the

test slot 500 while noving,it into r ci se jgnnment with t r obot 300.
SEr s 20A o eansortar teshhoufh B ES b Hlo ERaTEuabt tobet Sl Coni u the
front pofbion P8 AmeEe éf%tl@&?énﬁg@tth@@g s'lo"‘t 5900MicdeQEathicdbhd Yo alllie t est

sl ot 500 includes sidewall 02, 504 with engagi ng el enents 506, 508, and
510 m)unthedoltdtéﬂ@mappT@eH@ﬁﬂ@a@lgm@eretlemttosh6®6t sl80®0, anidhslengage theonf i gur ed

to assist th t.. 300 enpor agi t he t sl ot 500 before,
bor oo et s 508 Stils Hhabe i R R el M oSt con The
engagi ng el energss 16Q6nd 308 ill@nadt oﬁfe%l&‘é@flfftlﬂdkéﬁ@ldt@O@(‘tﬁﬂﬁﬂteCﬁﬁtﬁeSpondl ng
engagi ng el enents 512, 514 | ocat ed on actuators 516, 518 (FIG

11) assomra@@éowpﬁthert@stﬁ@bét)o @G@OWnrﬁOIt%@fsththﬁdP@ slat 80 &b ng el enent s
2
S12: 1L SRRSRy LR AULLA TGRS 0 3B g I8 ARAE Sp e 512 L0,

15and 51éhgapdghkionesigd 5(16 50813mt1 5a0 amr@nfigidkd gras it the robdtS 00t tenipeeaiges 512,

514 of actuators 516 respectively. Both of the actuators 516, 518 are
associ at ggagingrhg fgat %’1%89 befoe, dusingpiraitendicdmsiion ot remeyal pBa storageact uat or s
516, ,518 i I 312 of the robot
300, o S PG Qo ARRASOB (R, SRES ik Son P P o Trner
surface mspdsmimg mgagimgm@mbntsﬁmdm (H6. ﬂ;l)demtd ob 8Quabrs 20 hel & (@$EG. sl ot
500. The nner

exanpl e éaéeé‘g‘é”t 8%32@' #%%Hﬁ%’g‘%m ¢ rg'rﬁftg 8%% W@‘tgﬁéﬁéﬁiﬂ%&i ? at s

ki nermtlfecéysss)mvrﬁaacés@@srmqtft@@&t@dt&@g% 41ge test slot 500. Sinilarly, the
actuator 518 includes an inner surface 515 that includes engaging el enent

514, V\,hl ch i ninthi sxamelapl ElGs 18Ayv1@hddeand bk éusengoging gloneats Wopdi% wi t h
th b 300 test slot
00, Frnev L SHERL BngPeuCBha i sl Sal Bl (M Be PRIV 5 4P shaped 1 o

forma kadtwtatsﬁ%cmnﬁa@ dcBiRtely. Both ofthGacthidtotd 31655 196 Ssdiatxdanih thei N Whi ch
the robot 300 inserts the storage device transgéorter 400 (which contains

storage Wbt deorgaypicntsshona i E5¢. . dic ssoptoryhed. ad P ger srapssden 518 are

30312 °of e MRERRE B2S o4FinBhor T RERE BRE: b0 SrhbRrRE AR O or

t he t estthslaotua®w®B]6 includes an inner surface 513 that is arranged to face the sidewall 502 of

20  the test slot 500. The inner surface 513 includes the engaging element 512, which in this
example is a recess configured to mate with the engaging element 506 (a kinematic pin)
when the robot 300 engages the test slot 500. Similarly, the actuator 518 includes an
inner surface 515 that includes engaging element 514, which in this example is a v-
shaped recess configured to mate with engaging elements 508 and 510 when the robot

25 300 engages the test slot 500. The V-shaped groove and engaging elements 508 and 510
are shaped to form a kinematic connection.

FIG. 13 illustrates an example in which the robot 300 inserts the storage device
transporter 400 (which contains storage device 600) into the test slot 500. The actuators
516, 518 are arranged on opposing sides of, and extend outward from, the manipulator

30 312 of the robot 300. Thus, as the robot 300 moves in the direction of the test slot 500,



the actuators 516, 518 protrude in front of the manipul ator 312 such that
they may contact the test slot 500 before the transporter 400 is inserted

i nto the wosb12¢130t81500. In sonme exanpl es, after tRreTSha/ 08B ext ends
the mani pul ator 312 (and the attached actuators 516, 518) toward the test

sl ot 500, the robot 300 may use caneras or 5other sensors to crudely align
t he mani pul ator 312 and actuators 516, 518 with the test slot 500. Once the

actuators are in ition to engage the test t 50 .g., by aligning
e " engalit A5 EIBaHE SEbBIMER et A g ennSieiond | ByuchPerfigrin Efigag: ng
el ement Stha (&t sléﬂ—%%éfbrettﬂ@trm?@ﬁ@r AbAY insbR&I kS HatQr So03M. 518 can "grab”
the test slot 500 by causing the actuators 516, 518 to nove in directions

520, 522, lreshe&ﬁmwlallyl_ple\i\lmﬂeetHGrrOQ@trfé)Omtgndfrﬁieesinilmﬂﬁltgr$b?_r@ad¢laf? bﬁ appl i ed
act uat or Skt aEHE 4 iy gl RS Sk sboEatl B Beein nae

the act ugther enSokbto Gh&ls aiPd the nedniiflilator 812 drdeacRAERYE NG 58K ITBIThS test Once
t he engagi ng el ements 506, 508, 510 have nated with the recesses 512, 514,

an i ndi ceeli BN- dnecrke acsyntons graiRe nosisn taoteaghdic tesielat BB Lc-goby pigning
successf ﬁ’lle Leﬁ%§grq:§gg%[3ﬁt%6 v% 1&1% %ce%g 91t2 2151[910031. é‘ﬁf hﬁl{g t@{: %f%a'ggl%'e(fe%%n?s% s been

recei ved, ator can begin to”’inse sporter” 400 into
the test5H) with Hi0cbys app), shengtub@irc®16, 018 ben tdraliisthotdseslodSD byncaasidpr ect i on

524. The mani pul ator 312 may copntinue to apply force to the transporter 400
until t hBCRFYADEDY toep [ Bitsomaie %&%ﬁ@@l%ﬁé@iéﬁ 60°HESYs WWEHS EYS9MSy mated with

one n G . i . 6 of the
P oot ' ortEyfANIRCkRl e ilap BAGH NGB RC R ARRIICAIG, Sl RuniERE BEE O en

t he trandipensiens afitlc sttoataged 1ded1 Leldtiae ¢o theaest sloc 6@Gsfulid designsectt éhdt | nt o t he

test slogr 500. gripping the test slot 500 prior to inserting the
t r anspor tEACHHETS H605F$:§1%lpé£t5h§’l SVeishe SN SFATHS - of the transporter 400

or storage deph&ethfRReAIR Asheds 50G&MD80S 10 NS ctnR3dd wtRthcaBCsWisII12n914,
transmt vibration enérgy to the chassis 102. |nstead, because the

25act uat @r BidBaton emgbexcat oriharpddt HQ that the rebws 80¢ hast susgBsfullngngdged kheor

i brati id | .be. absorbed by the. 6,,.518, .th
e bul abari o0 A R REREeT S T U SRR R 1 el at or a1z,
and the @gétialcafssoklr 400 thtafte t@@bﬁﬂ@@gﬂr hypliinglfedceeh fhe @ahigoetet #80 inr ack

100, this energy will not be transferred to the test rack 100 or the other
st or age HEVPLiOs 588i Afc MagtnadptemBl2ansy coantisierio applt Weep dhreansaerteiétOlsed to

renove the. r r i . test slot
R T e e B e i B e e
act uat or sonnd¢&ors¥hdt showa} kbated aeartthedisasends 2 of3BOtestOIRS00hA gaat, aat or s 516,

518 have, successful ly engaged the test slot 500, the mani pul ator 312 can
begi & r effgifrHen $HEDS Sreah@gﬁff ’EOgPt AW Bsiyihe traatnortsh RN AR e dB0es 1VEREEhe t est

sl ot 500 {-EeQrullvine 1B Ritp WAt Qit300 bei Ng engagi ng the transporter 400, or
can begin to re%nve a transporter 400 with which 5the mani pulator 312 is

al ready i nt er Bagripping the test slot 500 prior to inserting the transporter 400 into the test slot

500, any impact of the transporter 400 or storage device 600 against a frame of the test
slot 500 will not transmit vibration energy to the chassis 102. Instead, because the

25  actuators 516, 518 are engaged with the test slot 500, any shock or vibration energy will
be absorbed by the actuators 516, 518, the manipulator 312, and the robot 300. If the
robot 300, the manipulator 312, and the actuators 516, 518 are mechanically isolated
from the test rack 100, this energy will not be transferred to the test rack 100 or the other
storage devices being tested therein.

30 Similar techniques can be used to remove the transporter 400 and/or the storage

device 600 from the test slot 500. In that case, the robot 300 first engages the test slot
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VWhile in the exanpl es above there are two actuators 516, 518, any nunber or
type of actuators can be used. Wiile in the exanpl es above the
engagenmrerwoebexmntss 506, 508, and 510 are descri bed as PCharsatiilo4@ins,

ot her types of engagenent el enents can be used. For 10exanpl e the engagi ng
el ements may be self-aligning, kinematic, non self-aligning, non kinematic,
or a conbination thereof Exenplary engagenent el enents may include pins,

pegs, regcesses, slots, detents roove friction el enents,. or
ragnet s St ecditimare Thes SHobeeeirclbntht GGk Rriupia 6, 5 Engage
the testhlQhecchdtollERYAGENMBRLLRIBY, %he”i%{nihﬂl‘é{dﬂ d€2 enebQYin M thet 1 on
pads, or one or nore textured surfaces of the 15 engagenent elenents. In

some exatrpispsertent408 awdgagermentdeeice Bh fronmthy tashtlaigit (he. tlesmaripolatarsimg a
native fri.ction as%gc%ated m@g@ t he ngaqenent el enent .ég m.larh% whi |l e
the act ultBy S"EsgHE RS BARROEC OO BeRIEE TaROY Sk PR R0 dby 8l " 514,
any &uit@@m@mqﬁmﬂgeygm@aﬁb@ﬁaﬁkﬂﬁaﬁgpe used to correspond with the
engagenent el enents of the test slot 500. Moreover, the test slot 500 and

t he act uat or sWulg in §iegxamples gboedbergmye Wmdsdrators §dhay8, ansi puabespr tWppe of

engagene test slot can al so be engaged in |ocations on the
test slo zpﬁbggg?%?%%igg'or instead of the side walls of the test slot 500.

For exanpl e, Whilctiedie xhmples aboveethe sgageticatclahéers 504 S08eantirxadtare t he si de
and the top, the side and the botto the top and the bottom or any
conbi nat d%ﬁﬂ?%é%@emwcmog%ﬁﬁ%g,entgﬁ%er%f‘@ﬁ Glstspls can 5o usedg Foin engage t he

test, slo f i €1 i ) . porter
400 fas 8T ek b E e BRRER M SR BhALaAR A R b 70300,

St at ed dkihématen) ol y comhmaticdb tier<s@0 Eraygplant engsgenhdne cloteutstroaysinblbe phikl8 t o

"grip" the test slot 5 until at |east.part of the insertion or renoval
acti on hBESHEERSto hlﬂFSeE‘ngS.’ etents, grooy gy, nékgwﬁﬁseef MARRGralldBE € hi nery
such as {R&rctRP&ga3QRert %leﬁenﬂs_)usﬁ At tggﬁg«{'gfe't%ﬂélfeﬂlétﬁ)t% l.ApaRAIht St Or age

devices (e.g., disk drives) without the need for a storage device
t r anspor ¢lementForayarelngd enc arheore dheton(mds,oir leae onmoumigreddrachcesatyhe may
direiglye coq%a%t(9(§&pﬁ%%e d%gic gn ogder tg %(gﬁsport i& to e%q% deposi t
g A STty S PnE BBl dip e Sy el AR B g ¢ hat
the st orggeusiavi 6RiveeriaidraRgiat¥d With thAerphSEAGR cltetnee JimARIPOVRiRI the A
nunber of inplenentations have been described. Nevertheless, it will be
actuators 516, 518 have been described as including recesses 512, 514, any suitable
engagement element can be used to correspond with the engagement elements of the test
slot 500. Moreover, the test slot 500 and the actuators 516, 518 can include any number,
20  shape, size, or type of engagement elements. The test slot can also be engaged in
locations on the test slot in addition to or instead of the side walls of the test slot 500. For
example, the test slot can be engaged at side and the front, the side and the top, the side
and the bottom, the top and the bottom, or any combination thereof.
In some examples, the actuators 516, 518 can engage the test slot 500 after a
25  portion of the storage device 600 or transporter 400 has already been inserted into or
removed from the test slot 500. Stated differently, the robot 300 may not use the
actuators 516, 518 to “grip” the test slot 500 until at least part of the insertion or removal
action has been completed.
In some examples, automated machinery such as the robot 300 (FIG. 1) can be

30  configured to transport storage devices (e.g., disk drives) without the need for a storage

device transporter. For example, the robot (or other automated machinery) may directly
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5 understood that various nodifications nmay be nmade wi thout departing from
the spirit and scope of the disclosure. For exanple, the protrusions on the
test sl otwothetosi4sierface with the isolators in the bodpCtasbaibessenbodi ed
as protrusions on the body that interface with isolators on the test slots.
Accordingly, other inplenmentations are within the scope of the foll ow ng
clainms. WHAT IS CLAIMED I S: 1. A nmethod conprising: engaging a test
slot with autonated chi.nery to inhibit novenent .of the te%% sl ot, thereby
i nhi bi t i FY@G ANORESICEITC 8t OWRHIOATSROT Hdon 3 gelf%%ttlt By Biest Yo (g, test

sur roundi|pEso @Nd. HiviendubRq@iHnRTRLteE: SB&BE BEFiYe bSaRNPRPathM 4 Hotdie test

sl ot, actuating the 5Sautomated machinery to: insert a storage device into

t he t estdsligttrangportesnove the storage device fromthe test slot. 2. The

met hod of claiml, wherein the.autonated machi ne e es, t test 10sl ot
Wt one or mrumibel SR End i hRIRGE RGN SIRERSIMIGET Sl o e
one of NMHRrACSIBLOFSi0GOMBHIREIGREHS bdMh&e With&lt depaass RGnetheREiAt end 154. The
met hod of claim 3, wherein the test slot conprises one or nore second

engagi ngseepepeieslisclosure. Fosexapple fae Aodrugipngpmthetast siptiethes inteefagwithg t he
test slo ' ' ' t fir ' I : tepporarily
connect 15 RROISE s S0 s LRk p Rl SRR B, e TR ol e SHEC) 20 0¥
of cl ai misalatother genedt RvtOAGCcOUINED), 6thkt insileagaidmareivithinhs s@papf itre an

el enent ??I ected froma group consisting of:
ollowing claims.
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a pin, arecess, a slot, a nagnet, an adhesive, a clasp, and a hook. 25

7. The nethod of claim3, wherein the one or nore of the first engaging

el enent s wopeordaptsed t o engage the test slot by fricti oRCTIS2011/046919

2012/ 030481PCT/ US2011/ 046919 8. The nmet hod of claim 4, wherein the one or
nore second engagi ng el enents conprise an el enent selected froma group
consisting of: a pin, a recess, a slot, a magnet, an adhesive, a clasp, and
a hook. f_claim2, wherein the automated machi nery conpri ses
a robot ?‘ﬁ’l‘;{l}igﬁ‘iﬂﬁg@?ﬁli&m pul ator for carrying the storage device.

10. The nethod of claim9, wherein the actuators are coupled to the robot
and/or the mani pul At¥éthod&mprising: 11. The nmethod of claim 1, wherein the
storage device is carried by a storage device transporter. 12. The
met hod of cl a¢ngaging aipss skt withreatomat elingr ¢ inhériymewemerit 96 thedest5r obot  and
a mani pul,at gr _for. engaqi.n he. st or . i tran rter: and. wherein the
act uat or 2oafsretS AR b B P R B G BRRL i MG "
appar at us conwhilsthe@utomated machi@dry lieaghganeite dgagitRpt.elcamang theonfi gured to
engage a test slot to inhibit novenent 20of the test slot, thereby

i nhi%bi t i HYOMPIEASIACBEROHOLf vibration fromthe test slot to its

insert a storage device into the test slot; or

remove the storage device from the test slot.

2. The method of claim 1, wherein the automated machinery engages the test
10 slot with one or more actuators.
3. The method of claim 2, wherein the one or more actuators comprise one or

more first engaging elements.

15 4. The method of claim 3, wherein the test slot comprises one or more

second engaging elements.

5. The method of claim 4, wherein engaging the test slot comprises:
causing the one first engaging elements to temporarily connect to the one or more

20 second engaging elements.

6. The method of claim 3, wherein the one or more first engaging elements
comprise an element selected from a group consisting of:
a pin, a recess, a slot, a magnet, an adhesive, a clasp, and a hook.
25
7. The method of claim 3, wherein the one or more of the first engaging

elements are adapted to engage the test slot by friction.
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surroundi ngs; and an automated transporter, while the at |east one
engagi ng elenent is engaged with the test slot, configured to: inserting a
st orage dw0i202/03m80 t he test slot; or 25renoving the st@cags2adewiees from
the test slot. 14. The apparatus of claim 13, wherein the at | east
engagi ng elenment is configured to tenporarily connect to one or nore second
engagi ng el enents of the test slot. 30 WO 2012/ 030481PCT/ US2011/ 046919

15. The apparatus of. clajm 13, wherein the at | east one engagi ng el enent
ot son’an §1 emehS SIS OLHIAR g BT SELHST St R M EABE S, Ca I ecess,
a slot, QcHeARebmpALk AXNEREMRelcbted R8P oRNF Bndi@Ms.0f516. The apparatus of
claim 13, wherein the at | east one engagi ng el enent is adapted to engage
the test sl otabpip, @récess, anlot, a magnet, bl adifidseveapphsmtand adook| ai m 14, wherein
the one or nore second engagi ng el enents conprise an el ement selected from
a group consisting of: 10a pin, a recess, a slot, a magnet, an adhesive, a
clagp, and a §00k. The method b8claiie, ARPRMAE Sutematddahdbhindry ¥éiepcat he
automated transporter conprises a robot that conprises a manipul ator for
car ryi ngrobaethgt emayiscrie plagipulator for carrying thgpyoragerflievise. at | east one engagi ng
el ement is coupled to the robot and/or the

10.  The method of claim 9, wherein the actuators are coupled to the robot

and/or the manipulator.

10

11.  The method of claim 1, wherein the storage device is carried by a storage
device transporter.

12. The method of claim 11, wherein the automated machinery comprises a

15 robot and a manipulator for engaging the storage device transporter; and

wherein the actuators are coupled to the robot and/or the manipulator.

13.  An apparatus comprising:

at least one engaging element configured to engage a test slot to inhibit movement

20 of the test slot, thereby inhibiting transmission of vibration from the test slot to its
surroundings; and

an automated transporter, while the at least one engaging element is engaged with
the test slot, configured to:

inserting a storage device into the test slot; or
25 removing the storage device from the test slot.

14.  The apparatus of claim 13, wherein the at least engaging element is
configured to temporarily connect to one or more second engaging elements of the test
slot.

30
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15mani pul at or. 19. The apparatus of claim 13 wherein the storage
device is carried by the automated transporter. 2020. An appar at us
conpri si yO 201308t ed machi nery conprising: nmeans for emgagisegim4dsest sl ot
to inhibit novenent of the test slot, thereby inhibiting transm ssion of
vibration fromthe test slot to its surroundings; and neans for, while the
automat ed nmachinery is engaged with the test slot: 25inserting a storage
[ [ , ' . ' he test
device into the tefh, &) o e SIS, MekPul WPl Snd B Gind HOMA
comprises an element selected from a group consisting of:

a pin, a recess, a slot, a magnet, an adhesive, a clasp, and a hook.

5 16.  The apparatus of claim 13, wherein the at least one engaging element is

adapted to engage the test slot by friction.

17.  The apparatus of claim 14, wherein the one or more second engaging
elements comprise an element selected from a group consisting of:

10 a pin, a recess, a slot, a magnet, an adhesive, a clasp, and a hook.

18.  The apparatus of claim 13, wherein the automated transporter comprises a
robot that comprises a manipulator for carrying the storage device;
wherein the at least one engaging element is coupled to the robot and/or the

15 manipulator.

19.  The apparatus of claim 13 wherein the storage device is carried by the

automated transporter.

20 20.  An apparatus comprising:
automated machinery comprising;:
means for engaging a test slot to inhibit movement of the test slot, thereby
inhibiting transmission of vibration from the test slot to its surroundings; and
means for, while the automated machinery is engaged with the test slot:
25 inserting a storage device into the test slot; or

removing the storage device from the test slot.

15



