Managenment of Air-Borne Vibrati on CROSS- REFERENCE TO RELATED APPLI CATI ON
This patent application clains the benefit of priority of United States

Pat ent ApwbDi2eatisestT3No. 12/ 815, 085, filed June 14, 2010, pChasecantands of

whi ch is hereby incorporated by 5reference in its entirety. TECHNI CAL FI ELD
This disclosure relates to nmanagenent of air-borne vibrations, and
particularly, to the managenent of air-borne vibrations in storage device
testing systenms. BACKGRQUND 10St or age devi ces, .such as hard di sk drives,
are susceptible to vibr dYiapagement gt dberBeinen atiginuf act ur i ng. Moreover,
hard di sk drives can create vibration of their own during operation. To

reduce the inpact OfCI{’(i)@S-%EP‘EREI‘h‘@Eg‘deEEA‘i‘EbvzflsPlﬁt%ﬂbNen nmounted in a

frame on soft isolators or springs during manufacture and test, to reduce
t he anmounfl'hofpatdnb ppytlication clamsntht bekfit bf pugditytoti @/ nnted Seatdsdaktentrdpplicatign

15Excess Vi j ffect, the reliability.of test results and the
Fotegr: toor Bl L8R Al Rt i Dot Cortm et pbic i hiabx oo odRr | ves

t hensel VRS 16AR iRiQRAGRLe Vi brations through supporting structures or
fixtures to adjacent units. This vibration "cross-talking,"” together with

external sources of vibration, contributes to bunp errors, head slap and
non-repetitive run-out (NRRO, whiaRieRY pigeplt in lower yields and 20
i ncreased manufacturing costs. Current disk drive testing systenms enpl oy
aut omat i on anthis drsasurcatlats pportagyenenfmit-bane gdmitrdnsind padiakchs®

ibrations in the tem and/.or .require | arge footprints. Duri ng sone
ranuf act (EMHTAETESE OF pEQORIrATDRORY N sioFags 4o kel tB SRS data recorded on

the surface of the disk drive nedia is directly affected by the anmount of

25vibration transmtted to the driv [ the recording. The vibration
may be transmtted through the ngéﬁﬁﬁ‘l&ggwﬁ%unti ng of a drive in a chassis,

Vi ayot he mechagieal ReRESkSctofs HaRPdigk 8TE £Rlsu&RpHRctd PBrdidnidigngdri ve (e.g.,
through a cable), or thfough the air. Vibration transm ssion thfough the

air may beracousdincanofaciuringd Mercowtrurasd dehdrives/canrcagagarivibrationtofiéhedr i ve

directly, or indirect] ia.internediate . hani cal,. cqonnecti ops.

Common S8 BB pPTTi TogRdes B e of ViERHET JrrEdisk VA 8t act ur i ng
syst em am@usis iLTeMeloh REft fiaors 3R ¥prenRldufigg hansfacRedhnd ©stt Rercdi@khdr i ve;
the notion of automation (if any); conpressors, punps, or other cooling

conponentBourd of vibidfioartanawittcd thiogeh thsenechgricyfmeunsingact ory. The vibration
cregt ed by t hﬁ?@es? QiEatfon chit affécqf %Jeetlghg‘t%lity of test results and the integrity of

electrical connections. Under test conditions, the drives themselves can propagate
vibrations through supporting structures or fixtures to adjacent units. This vibration
"cross-talking," together with external sources of vibration, contributes to bump errors,
head slap and non-repetitive run-out (NRRO), which may result in lower yields and

20 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.

During some manufacturing steps, the quality of servo tracks or other data

recorded on the surface of the disk drive media is directly affected by the amount of

25 vibration transmitted to the drive during the recording. The vibration may be transmitted
through the mechanical mounting of a drive in a chassis, via the mechanical aspects of
the electrical connection to the drive (e.g., through a cable), or through the air. Vibration
transmission through the air may be acoustic or fluid in nature, and may transmit to the

drive directly, or indirectly via intermediate mechanical connections.
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5broad-band in nature, thus affecting nmany of the operations of the disk
drive. SUMVARY In general, this disclosure relates to managenent of
ai r - bor newoi2briatspyas, and particularly, to the nanageneRCTafS2@&i104(®09 ne
vibrations in storage device testing systens. One aspect of the disclosure
provi des a storage device testing systemthat includes 10a rack and a

vi bration managenent material. The rack includes at | east one test slot
that is configured to recejv. storaedelc or testin The test slot
o Subst ant | o PYTRREOUEE b GrToB it e ATt Skt Sk 46T MeRdegrBRa § on

nmanagemegs iR sh dbmictosaPRRL &g fodRsOfRl RPaad @ﬁ@alslgaﬁw hdWofbd ofoOr ne
vibration. The vibration manageient material is disposed so as to attenuate

ai r - bor nauteibticrt (iomydoepipsebsfms, gumpsacoetbei @alihg cempgicath) andambignt est sl ot .

15Irrp|errenta|o of clo r e, ma inc e one or nore of the
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tests ng Eﬁéﬁﬂ%ﬂhcﬁin&@turBQhu@ﬁ‘ﬁecﬁﬁ alag} b el PBrafibhAGIIRE disk [dAive, a pat h of
air-borne vibration, and t he w%ratl on managenent 20material is applied to

a surface of the obstruction. In some cases, the obstruction is another
rack within the storage device tedumaisrst em autonmated machi nery
associated with the storage device testing system or a structure enclosing
t he storage dbvgaperal, éhlﬁldrﬁgl%y@trelmes to management off air-beyne vibmglocssesmdat i ons, the

vibrati Ona 1cur1 T%é 9} rrz?ritaerrlng t f alr bucljneesw tlogsallljlss rg erde%lc%/tortln sdltf fyser
In certa SRE e Srage evice Test i ng %St omal €g° |ncI udes

a source of aOhe b@feaﬁ)f\th@m@&lhm@ pf’a?vedes @lsfcﬁv@gdlfevﬁiel’teéﬁﬁg @?stéyihbﬁa%ﬁﬁdhﬂieﬁ'&y be
an air nover , a conpressor, and/or an air conditioni ng vent .

In Yone # Fﬁ@k@ﬁé ﬁtVdftrF‘f&’Psma@%mﬁﬁfcha‘Fﬂ%} Udegackninglules atJgegt pe tps é@ﬁ thehe air
mover 30&%%{‘1%%&‘% }e‘é’el(}%’é{ Sto e%'e(nc% S 91 g h Tté%? 16 tsul?sftantﬁl'aﬁ ed 1N
vi brati on managenent erla I SpGs |napat e air flow
exhaust et dir mmttlémt exd didof The elbtrzamln méﬂagememrrmgemaj eytapablce$ hbsrmgblﬁgst em may
al so incu dgor (P &usallrllé al(I-‘: glgnlélvtlblratlorlc | +Jhe vibration management material is disposed so
as to attenuate air-borne vibration coupled (e.g., acoustically coupled) to the test slot.
15 Implementations of the disclosure may include one or more of the following

features.

In some implementations, the storage device testing system also includes an
obstruction arranged within a path of air-borne vibration, and the vibration management
20 material is applied to a surface of the obstruction. In some cases, the obstruction is
another rack within the storage device testing system, automated machinery associated
with the storage device testing system, or a structure enclosing the storage device testing
System.
In some implementations, the vibration management material includes an
25 absorber and/or a diffuser.
In certain implementations, the storage device testing system also includes a
source of air-borne vibration. The source of air-borne vibration may be an air mover, a
pump, a compressor, and/or an air conditioning vent.
In some implementations, the rack includes an exit, and at least one air mover

30 configured to move an air flow out of the exit of the rack. The vibration management



communi cation with the at |east one test slot, and the at |east one air
nover nmay be 5configured to nove an air flow fromthe air conduit and

t owar ds tWwe 2exits9378 t he rack. I n certain inplenmenrariusas,1/obdve9 st or age
device testing systemal so includes a duct disposed along the exit of the
rack and arranged to direct the air flow exhausted fromthe exit of the
rack towards the vibration nanagenent materi al . In sone

i npl ement ati.ons, the. vibratijon managenent .material .inclydes.a diffuser
10t hat | Saraiehe SisBngd PH T PRTGR A POR N T mcd s X SHent at | ons,
the storgge device testing systemal so includes an acoustic device (e.g.,

an audi o speaker) arranged to cancel out air-borne vibrations.
Anot her aspecThoftotage deviscicsisng sy sisnmomiyl elso ancdudsraager aadiit & fledt i ng system

that includes a rack.and coustic, device. The rack includes at |east one
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f eat ures. n ceftain inplenentati ons, the storage device testing system
al so i ncéditetharachitowards dhidiviibratior idhapeaemuaiceiak i on with the at | east one

test slot. The at | east one air noyver. is configured t?_ ve an_ air flow
fromthe air o MPTeeEings-dac viveatiopinanggemen matenial inghudes gydiffuser

irrp1oerrenﬁlg{lisg- Oggaed@%otﬂéghgo ¥ig& includes an audio speaker. In certain
C

i npl enentations, the oustic device is disposed along the exit of the
25r ack. Infcettamt ingl eraspemns ahe sthmgdidseko sutieg prstwn des imlslieoamge devi ce
testing stemthat includes a rce of air-(g:?rne.v' bration, and a

S (0]
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vi bration emapabihBoashEQ B i KA UEEproTiISs ¥ sBFALieicFRAAYEIRMm MRt erial is
capabl e of absorbing and/or diffusing the air-borne vibration.

301 npl emsstudes dresk ghd e ecadiste loger: elheapck meluddvatdenst ore tassrstot gpnfigreed

fol JSO\M. "® reccive a storage device for testing, an air conduit, an exit, and at least one air mover

configured to move an air flow out of the exit of the rack. The acoustic device is
arranged to cancel out air-borne vibrations originating from the at least one air mover.

Implementations of the disclosure may include one or more of the following
features.

20 In certain implementations, the storage device testing system also includes an air
conduit in fluid communication with the at least one test slot. The at least one air mover
is configured to move an air flow from the air conduit and towards the exit of the rack.

In some implementations the acoustic device includes an audio speaker.

In certain implementations, the acoustic device is disposed along the exit of the

25 rack.

A further aspect of the disclosure provides a storage device testing system that
includes a source of air-borne vibration, and a vibration management material that is
disposed within a path of air-borne vibration emanating from the source. The vibration
management material is capable of absorbing and/or diffusing the air-borne vibration.

30 Implementations of the disclosure may include one or more of the following

features.



features. In sone inplementations, the vibration managenent materia

includes a diffuser that is disposed adjacent the source of air-borne

vi brati orw02011/159378 certai n i npl enentati ons, the vi brat iPom/usasageroent

materi al includes an absorber and/or a diffuser. 5ln certain

i npl enentations the storage device testing system al so includes an

obstruction arranged within a path of air-borne vibration emanating from

t he source of air-horne vibratiﬁ?nV nd. t he vibrationgﬂg?a epent terial is
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t he stor elgevhge tg@%ing system i ncl udes an acoustic device arranged to
cancel otiPHIT ¥ eV i"BYat i ons emanating from the source. In certain
| nplserent at i onscertaSinfIdH ERatRANTHI siQEgAdcvidd tedTRSRY st AN TRCcludeseTPr essor,
and/or an air conditioning vent. 15l n sone inplenentations, the storage
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i mpl enendlatiuciien. TnhkemsteRirapes,dbyblstrutest isngadywitkimthogtbiage dedceisstingr r anged
to direct an air flow exhausted fromthe source of air-borne vibration
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aspect, arshitase gﬁ%ﬁﬁ%(ﬁ tdNEeSYShe R dhgl udes a source of air-borne
vi bration, and anoac ust}c%%gvicg arrgﬁ%eﬂﬁto cancel out air-borne
vi brati ons enbmaniengplenomtitioas.gbeistomge device testing systempinelveng ait aconstiof t he

di scl osure.may i ncl|lude one or. re of the foll ow 25features. In sone
i mpl emenfSETSGRENEEHE Rl Pt T-JRNPE YLPTRIS SHRGAE ﬁ%&it@e WWeker . I n
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source of air-borne vibration. I n yet another aspect, the
di scl osueanpessel,ded/oaas pivcagdtioing gentt est i ng syst em t hat
15 In some implementations, the storage device testing system includes a rack that

includes at least one test slot configured to receive a storage device for testing, and the
source is associated with (e.g., disposed within) the rack.

In certain implementations, the storage device testing system includes a duct
arranged to direct an air flow exhausted from the source of air-borne vibration towards

20 the vibration management material.

According to another aspect, a storage device testing system includes a source of
air-borne vibration, and an acoustic device arranged to cancel out air-borne vibrations
emanating from the source.

Implementations of the disclosure may include one or more of the following

25 features.

In some implementations, the acoustic device includes an audio speaker.

In certain implementations, the acoustic device is disposed adjacent the source of
air-borne vibration.

In yet another aspect, the disclosure provides a storage device testing system that

30 includes a rack and a vibration management material. The rack includes at least one test

slot that is configured to receive a storage device for testing. The vibration management



30i ncl udes a rack and a vibration nmanagenent material. The rack includes at

| east one test slot that is configured to receive a storage device for
testing. wWheowispzsi on nmanagenent material is di sposed mearUSRéa/0#i009 east
one test slot. The vibration managenment material is capable of absorbing
and/ or diffusing air-borne vibration. The details of one or nore

i npl ementations of the disclosure are set forth in the acconpanyi ng

drawi ngs and the.description below. Oher features, objects, and . .
Sadvant a@l@gﬁrkﬂf i ispeigisas BRet Rt ! dt cfhep‘fl?r HOhRE" oA hGErah £ r om
the cl ai gRabREPEROihSObh&br BROVLNES-borne vibfakibn. 1 IS a perspective view of

storage device testing system having racks arranged in a substantially

circul ar conf Thudetilsorf.onEloGmoge ingplemtuspticriseltlef distesust acagiefortbwi the t esti ng
e . view of a storage device

system shown i

.Fl 1. 10ELG ,3 i.s. i
Crot e a0 hontiie BedienRis «dabifih R B Y E B Rl ot e vt o

a
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of the storage device transporter shown in FIG 4A 15FIG 4Cis a bottom
perspective views of a storage device transporter carrying a storage

devi ce. FIG 4D is a 5ESERIEOPEOFIIMEAWIRGS of a storage device
transporter receiving a storage device. FI GS. 5A and 5B are

per spective viKwd ipd perspessive siept ofraatierags Aeyier testorzasysteddhaivog r20ESr ansport er
carryl ngar?ansgteg ifg Eub%%\ﬂ{igl?y circular configuration.
FIG. 2 is a top view of the storage device testing system shown in FIG. 1.
10 FIG. 3 is a perspective view of a storage device testing system and a transfer
station.
FIG. 4A is a side perspective view of a storage device transporter.
FIG. 4B is a front perspective views of the storage device transporter shown in
FIG. 4A.
15 FIG. 4C is a bottom perspective views of a storage device transporter carrying a
storage device.
FIG. 4D is a side perspective views of a storage device transporter receiving a
storage device.
FIGS. 5A and 5B are perspective views of a test slot receiving a storage device
20 transporter carrying a storage device.
FIG. 5C is a rear perspective view of a test slot.
FIGS. 6A and 6B are perspective views of a rack receiving a test slot carrier
holding test slots.
FIGS. 7A and 7B are perspective views of a rack of a storage device testing
25 system showing an air flow path through the rack and test slots housed by the rack.
FIGS. 8-10 illustrate passive techniques for attenuating and/or dispersing air-
borne vibration in a storage device testing system.
FIG. 11 illustrates an active technique for canceling air-borne vibration in a

storage device testing system.



FIG 5Cis a rear perspective view of a test slot. FI GS. 6A and 6B
are perspective views of a rack receiving a test slot carrier holding test
sl ots. FIvB8.20/1A59371d 7B are perspective views of a rack eCTaSsstionayed devi ce
testing 25system showi ng an air flow path through the rack and test slots
housed by the rack. FIGS. 8-10 illustrate passive techniques for
attenuating and/or dispersing air- borne vibration in a storage device

testing syste FIG 11 illustrates .an active technique for canceling
i r- borne. vi bIGS dAA A 2B Brsiges HevRt Aoy aoier ity Sosraipet inttudes Spge 12
and 12B idddufnift ®n®hOk 898 AWiChorhe$ibkidnsyst ens that includes an air
conditioning vent as a source of air-borne vibration. FIG 13

il lustrates aFKidBalstrdeyiacwragegicivivg tesying eynterh diat invdidgsl ediqaid fugui @ gounp as
a source_of eaqiﬁ -.rbgr ne %)i ration. 5FIG 14 illustrates a storage device
testing EPEEMPRAT WOfA'§8s a conpressor- based air refrigeration unit as

a sgurce of afrG hanintiicld b ator@it. debids @estifh 8 RHH €hat WHNRIES alcBmphgsorar i ous
drawi ngs indicate |ike el enments. DETAI LED DESCRI PTI ON The vi brati on
sensi t i vhaspd af refrigeraten vl presoureq fipinkorpgrdpraiosk drives, has 10i ncreased

to such an extgnt LDt LEANISAL Ol LAt iR EQHGRg e ai r now has
noti ceabl e i mpact ~on perf ornance. Wi P&’ di'sélssed Tn détail, one or
nore passive vibration attenuation and/ or dispersion techniques and/ or

active vibration cancellati o%ﬁcﬂl??qﬁﬁsgwngﬁ enpl oyed, e.g., near test
slots of a test system to reauce the effects of air-borne vibrations on
the operati onThé vibhiodlisshsitihritymeFStordddavicas,tsasl asshisd @ik dridss, ised 1Sherein,
"near" means near enough to effectively nmanage airborne vibration from one
or Wore W6ifReeddo such an extent that transmission of vibrations through the air now has
noticeable impact on performance. As will be discussed in detail, one or more passive
vibration attenuation and/or dispersion techniques and/or active vibration cancellation
techniques may be employed, e.g., near test slots of a test system, to reduce the effects of
air-borne vibrations on the operation of the disk drives within a test system. " As used
15 herein, “near” means near enough to effectively manage airborne vibration from one or
more sources.
A storage device, as used herein, includes disk drives, solid state drives, memory
devices, and any device that benefits from asynchronous testing for validation. A disk
drive is generally a non-volatile storage device which stores digitally encoded data on
20 rapidly rotating platters with magnetic surfaces. A solid-state drive (SSD) is a data
storage device that uses solid-state memory to store persistent data. An SSD using
SRAM or DRAM (instead of flash memory) is often called a RAM-drive. The term
solid-state generally distinguishes solid-state electronics from electromechanical devices.
Air-borne vibration, as used herein, includes acoustic vibrations and fluid-borne
25 vibrations, the latter sometimes known as wind.
Referring to FIGS. 1-3, in some implementations, a storage device testing system
100 includes at least one automated transporter 200 (e.g. robot, robotic arm, gantry
system, or multi-axis linear actuator) defining a first axis 205 (see FIG. 3) substantially
normal to a floor surface 10. In the examples shown, the automated transporter 200

30 comprises a robotic arm 200 operable to rotate through a predetermined arc about the first



A storage device, as used herein, includes disk drives, solid state drives,
menory devices, and any device that benefits from asynchronous testing for
val i dat i oNO 281di583¢3dri ve is generally a non-vol atil e st ecags2aewime whi ch
stores digitally encoded data on 20 rapidly rotating platters with
magnetic surfaces. A solid-state drive (S SD) is a data storage device that
uses solid-state nenory to store persistent data. An SSD usi ng SRAM or DRAM

(i nstead of ash nenpory) .i fte all ed drive. The termsolid-state
Gener ai | P figareshad Mot Pofundle i3t et pBn L fopolt ambcld BABERIR cal

devi ces. oAbfatdQpiskiMaRIAL6(PRbo@Shé BRM 2 KIEPE5 Bnd IndRIdEFE MaffRAUSSA 0 Vi brati ons
and fl uid-borne 25vibrations, the latter sonetines known as wi nd. Referring

to FI GS. disp@ed b distabendif)2eofehe wbobaerm 206 tooraadls abewir owre stotagngesiget em 100

i ncl udes | east one aut Qmated, tr orter, 200 (e,g.. r robotic arm
gant ry- o3 ko SlorRa g IR RUREB ALY b rat s 20Bes Mot 5205
(see Fl GFIGY. 49ubpy. amiultad yacROB0PRAre bramocdl@findshE fodetic 4n 200 fdrRervediaaml es
shown, the automated transporter 200 30conprises a robotic arm 200 operabl e

t o rot at ey therelrjis ampl08ddiaeh rick SQ0 pescapBiliiple kst §1pisB0 candigurod® and to
extend radj. fr t he-fq i 0 i 1§ operable to
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mani pul atyindZtd whrkipgsadelape eolaing a0, weitttth2@2ckaf300 heing abahg el within 2080 t o
handl e one or nore stqrage devices 500 and/ or _stqQrage.devjce transporters
800 to cHPFNg ﬁyekoapsﬁ%agoro?@wé@ghtsege%@é@tél.og.3§0 &fﬁ@@.lcuz&b}a Toudict i pl e

racs 309rn{i£(ﬂ).af1{e3§ﬁ9ﬁ§nt§aﬁ L&gﬁn&ﬁgﬂ %%%ﬁ%%@e%&ﬁ@ﬁ%@ﬁéVfd@é ngrﬁkfactthe

robotic arm 200. Each rac 00 uses e test s 330 configured to
recei ve &ogragends\gcoesllpoilyflonitddas ticapegity DiycherghbodrisgamtsmI2B80mdef i nes a

substantially cylindrical r.ki ng envel ope vol u 220 i the racks 300
o ng. ar ol fienArcm A Aga G b Srraucd o 4 BtastL pih b fhe BN Sach
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cylindrical working envel ope vol ume 220 provi des a conpact footprint and is
gener al | gllayyihg thei rabetechrim? Watp aedchyobynliieipyhtdly dns alsaidawswandly woreviexanpl es,
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upwardly, but also downwardly to service 15test slots 330. The size of the

wor ki ng~ etivapwisecy with wacipauoraaigd Fansperteh}0 nddpdad¥y Bie cwadpliey 4Q0verti cal
act uat or . I i ng device)
communi c& Ogglh\?\nt% i Ee?glgﬁﬁadafﬁ ot(rgr%ttse&g %ﬁafr;?gglgfap ?@ag%%ﬁ%lﬁ’gor}%@'ag%o. The
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transporter(s) 20Q. The robotic arm 20Q i s configured to independently
ser?i ce BR¥HKcpeoptiays Tenpohisioragideyised 0@ thigwsh e Sstng puisaf 04t Or age

devi ces Pinh MR of PRIVIERT §Bfhes ¥STRR ¥ hroleh the testing system 100 allows
varying start and stop times for each storage device 500, whereas other systems that
require batches of storage devices 500 to be run all at once as an entire testing loaded
must all have the same start and end times. Therefore, with continuous flow, storage
25 devices 500 of different capacities can be run at the same time and serviced
(loaded/unloaded) as needed.
Referring to FIGS. 1-3, the storage device testing system 100 includes a transfer
station 600 configured for bulk feeding of storage devices 500 to the robotic arm 200.
The robotic arm 200 independently services each test slot 330 by transferring a storage
30 device 500 between the transfer station 600 and the test slot 330. The transfer station 600

houses one or more totes 700 carrying multiple storage devices 500 presented for



continuous flow of individual storage devices 500 through the testing
system 100 allows varying start and stop tinmes for each storage device 500,
wher eas owbeniisysi’eans t hat require batches of storage de¢irasg01300009 be run
all at once as an entire testing | oaded nust all have the sane start and
end tinmes. Therefore, wth continuous flow, storage 25devices 500 of
different capacities can be run at the sane tinme and serviced

(1 oaded/ unl.oaded), as needed Ref.erri.n .FIGS.. 1-3, fhe storage
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200 i ndependently services each test slot 330 by transferring a storage
30devi cesys6mn bt viBlertoteh €00 pHow far opetatir itoAclBG0arthg tridyve atcelectmingt 330. The

transfer stati.on 60 ous 0 r re.tot 00 carryjng nulti st orage
devi ces. 43525 PE0eR 008 45 RoBNGe BmBiagtiR 0o fofe SR bl NI ™ i R e er
st atsl on &M 1618 760 FLdC¢LLBDIPRbMrefpRELEEbIMREIRBLIBAJupRE dyStémRg26 [0k age
devices 500 to and fromthe storage device testing system 100. The totes
700 al | ovesgntasioapasision ppd gal ibg designded et 4 soaee tatec7%|0| eetupslYingF 2 st or age

devi ces . . ) I .e shown in
FG s Banshh SRonbomAAs sH0 BRERnat 3t ARRon B POPLTRAIRLR: ST on
support &yt etwBagé2vices S0(P(oe bethy. aDeaihapors iotdsor0and, teeglaHicdasi‘pmated as a
source tote 700 for supplying a collection of storage devices 500 for

testing BIUBLOE dEsTAREITBIN Pl o7gerc pe Fepeave ﬁ@r&g@sdﬁwe%%%@@félaaévi ces
500;4( or Q%?ga DBt fafled b AthcliBh AR ?e@@réé?é!ctpv%l lassified as "passed return
totes" or " |ﬁ ed return totes” ¥or recel ving respective storage devices
500 t hat havelnligmil¢rhertatpas sled coployasitdregk deviaericimsontls 800 eSS, 4Adfpecti vel y.

In i | epentati ons that enplo ora devi c ransporters 800 (FIGS.
ahe 4Dy BF MRt gt R a0 dbs BetE p 2ot s PabStrE S0ty | o
conf i gur &gral dEAEON-EnsPoRErNBTRMEIBYE §€tht FRANSBRNREOKiB0A: Maalpuphs 0b, t he test

slots 330 wth the mani pul ator 210, then pick up a storage device 500 from
one the thenpskTD0 yeregedeeet 0 frdre one thedples 769 prckened atshG@ansgar statinar

heet or SECABF B b Bl o FaT G olom e R Do B ERutef Bl ok 1™

t r anspor §tefag8@OvicaNridypartStIV0AGRI ey ib@n IOstbMagE Bévice trénshieertsdsl wihat 330
for testing of the storage device 500. After testi ngir the robotic arm 200
retri evegorage dpwes &) hewimndothgdest slot BHblor tesing RbEthesirags dsvicg300. Byter emovi ng

th t i E i . b 500
20" om (AL G700y SRR ey B e ol eS0T Y B IICE, e
t est ed sbypreageinetic s@rd@Qicvite trasspoitor B@ecatigim oCbe tasaidspoagedevdRG000 t he

transfer station 600, and mani pul ating the storage device transparter 800
to et ur fomrae %eétssﬁ%tog39t(b?-alj€ﬂélléﬁ‘vmélépglﬂt?r1260)0 RATYRE thedestest #aragpaewse t he

transf ersgj ﬁtthé’&oﬁl%g d%ic@ﬁ&%&ooﬁéﬁsﬁ(ﬁ% (1% Ghnsfct AAUEY 860, ah@ AR HALIRDT Ng
station, etc.). 25 Il1Tustrated 1n FIGS. 4A-4D, the storage device

t r anspor sterag8ddvicarinsgdedera00rtangporthetested dior@&eGlemmeiSAg td omesef thathtessecond
ortions,802,. 804. .The fir ortion 802 of the transporter body, .810
Pl udes? 8 s st Grion 610 oP Bheh S el 6.2 senticint: BRTPE bR SHiohoer t ur e,

etc.) cogthgured to receive or otherw se be engaged by the mani pul ator 210

for transporting. The second portion 804 of the transporter body 810 is
cordsi gur ed t oAp dbsirgted 30BIGY. dradl. e viosegesgice plagportC8ADncludesa rat e an

exenpl ar %anss%)grrtear eod9 QYH %gvigg %rstt gﬁ& second portions 802, 804. The first portion 802 of

the transporter body 810 includes a manipulation feature 812 (e.g., indention, protrusion,

aperture, etc.) configured to receive or otherwise be engaged by the manipulator 210 for

transporting. The second portion 804 of the transporter body 810 is configured to receive
30 a storage device 500. FIGS. 4C-4D illustrate an exemplary storage device 500 that

includes a housing 510 having top, bottom, front, rear, left and right surfaces 512, 514,



i ncl udes a housing 510 having top, bottom front, rear, left and right
surfaces 512, 514, 516, 518, 520, 522. The storage device 500 is typically
recei ved wptznitsgs7sear surface 518 substantial ly faci ngPChasskomsgooporti on
802 of the storage device transporter body 810. The first portion 802 of
the transporter body 810 includes an air director 830 defines at |east one
air entrance 832 (e.qg., aperture, slot, etc.) for receiving air into the

first portj 8 t he transporter body 810.and directing.it t into
e secontt SoberinSBoasro et F Aol s aluyesbod etk et hes Bt can
nmove ov e§ub§ﬁaniizﬁg5ﬁacﬁ1§ €hd ﬁ’ﬂ@%ﬁ(ﬂﬂoﬁ’ Q02 9Mhe WiokAkaRvrRE danspbitcPhody ¥l 0F EGRi ved

st orage devi ce 500. eferring to FIGS. 5A-5C, each test slot 330

i ncl udesfist parsion 0o theuinsuprenbodyThid) melgtlessAnatir dioaesirgO Jahndsans Idais st and

second porti.ons 342 4. The firs réion 342 of. th Ot est . sl ousi ng
200 dor | s B R e e M ude VB B b RPuRE R ntolfie FR BBisishi 03 o200
and/sor ath%&ﬁh@ﬁﬁteﬂ%c%ﬁﬂ(ﬁdn@flﬁﬂé@tﬁﬁgﬂ% o80dtoCBE kddoRd pbARNI0A ARG tel@Npeer 500.
The second portion 344 of the test slot housing 340 includes an air exit

348, el ebadyotflOcsuchglmt the gr cancnpyqeer Bblgpd tho tpp and Botiem spifacshal 2,81 l¢ ofover

900. The,el i 390. ar8~i N communi cation with a test sl ot connector
392, mhi% r%%%%gnkﬁéﬁ?ggugg%Péceive and l1l5establish electrica

conmmuni cat i onRifietringato HIOBaPL-30E chchete i3I 860 dchil3? a ddst sloeh@istigsiye. didwei ce
500. The el ectronics 390 also include a slot-rack connectaor 394 for

est abl i skPingPtdIERpE PEGhaciRh CarndpiptsH dene*t abe oo ieR Stp%elc t hr ough
Ehendl eS8t bt 8 g 3 Herith LEELRE oflihg SAPSEABLEAN Lol dlilgd I exanpl es
e 7"6A and ra udes on

illustrat in Fl 6B, ea ck 300 inc or 20nore
carri er smbeptdohesdS8i& teascportaw S0 gargdg tle stevgd deviee 30stThelsotondar ri er 320

that carries gn r nore test.slots 330. Referri to FIG ,, each rack
500 al aopdrion qabeltes TR Sob Bt W ancTidieh A IR UL oD | ¢t
provi descimﬁdésé)&,ca@m%ﬁaﬁdl af tRRLYOSN ERCHdtRMcsS00tars330 of the
respective rack and an exit 353 of the rack 300. In sone

i mpl emencaminomisatiqnhwitap test gaideninne@ou3 92s whenhrie dotfiguscdsipaeesitreandeen t he t est
slots 253 and, a rear wall. 303 of, the rack .300. The ai nduit 304 can
o1 95 be rARhEl s ontBinetRR Bih ¢ HErERkviE0retiEn S o FRESidsge shaped
condui t @BA4ceSIVOWT hick1dthnic§ B0 also inclidl atsi-reXadiinectsh®Mfol BstdtllfshingB, t he
air conduit 304 (also shown in FIGS. 7A‘andféﬁ£ provi des pneunatic

comuni celesteplsempacadiae withdBe ragk 300.33@ mevadiarough pecctestpiot 848 kaBbO and an

air heat jexehang hr heat exchanger 350 is disposed bel ow 30t he
carrier ?gﬁgptacfg?%%%ﬁoggﬁggg to received test slots 330. The air heat

exchanger 350In the kxwhes caitlustratchmalt | GSx 6 Aaing 6B, bauhshclg3@biackddés mricng an

entrance 351, an exit 353, an%
20 more carrier receptacles 310 eac

c(;iorrllﬁgured to receive a test slot carrier 320 that carries
one or more test slots 330. Referring to FIG. 6B, each rack 300 also includes an air
conduit 340 (also shown in FIGS. 7A and 7B) that provides pneumatic communication
between each test slot 330 of the respective rack 300 and an exit 353 of the rack 300. In
some implementations, the air conduit 304 is formed by a space between the test slots

25 330 and a rear wall 303 of the rack 300. The air conduit 304 can also be attached to an
exterior of the rack 300, such as the wedge shaped conduit 304 shown in FIG. 6B.

In the example shown in FIG. 6B, the air conduit 304 (also shown in FIGS. 7A

and 7B) provides pneumatic communication between each test slot 330 of the respective
rack 300 and an air heat exchanger 350. The air heat exchanger 350 is disposed below

30 the carrier receptacles 310 remote to received test slots 330. The air heat exchanger 350

includes an air heat exchanger housing 352 defining an entrance 351, an exit 353, and an



air flow path 305 therebetween. In sone inplenentations, cooling elenents
354 are disposed in the housing 352 in the air flow path 305 and a punp 356
del i vers wondansei7don accunul ated fromthe air heat exchramgseoi3h@ovd an
evapor at or 360, which may be di sposed on the respective rack 300 of the air
heat exchanger 350 (e.g., above the 5carrier receptacles 310), or to a
drain. The air heat exchanger 350 may include an air nover 358 that pulls

the air fromth %3% conduit 304 int.o tlhe ent rance,.351 of t g air heat
exchange?ir HBUGHH U BCB0EN <t el TCB1S M SIS 98UTE FIEmeps Sk ait ed, and
moves th@is%ds%d%e%uél 38 fntﬁ@%ﬂ%&%‘h@lﬂ%ﬁ“aﬂ@#@ﬁrﬂjﬁ%ﬁ&h\%@ and out of the
rack 300. FIGS. 7A-7B iTlustrate a flow path 305 of air through test slots
330 and eondaedatigoacch@fubated gl the himycativachawgpei@tare codposatet Htagdidevi ce 500
received in. the st devi ce te st 00, The nover 00 of
caon 1 esmeLpbAnes Bt HH R LR 20 YTl Nt Seberat 34 o Foie B« °F r om
an esxtermfleﬁ@aé}ﬁacqﬁs 310§ of &Sk dRI0 THY Ar Rdat bLARhe RS0 eRyriaflGe &34rof the air
di rector 830 of storage device transporter 800 received in the test slot

330. Themayer 3f5lgdb@t pslll@irhe@ert feemdhat eanduy|30¢ ip tha erdseeud] hofdhepir heat| east

top and o} e din

t he Stor%&é&‘gﬁ& v;ﬁéllésfl g%s&%?%rcogégg &?thgtg 3%?1%\%%@ g]g%ﬂeﬁb%lggg?\%gﬁgﬁ arnet hr ough
t he secomdommltddlﬂhea%;éch@ﬁgdrPheustlﬁgémslsiﬁarhi(xuﬁloﬁgle?fé&amd out an air exit 348
(FIG 50 of the test slot 330 into_t ir conduit 304, The air_ nopves

through the aﬂG%Jﬁdalﬁﬂﬂ@@atetaoﬂ%@at&.%%wgatr terReehiey ots330 gnd ¢ ek 300
env ronnﬁm B%ff&tﬁg'tgétehﬁgiaggeggggﬁﬁ%gcdﬁ%wbo P&%ﬁga% RGN dhfeal 1 heat

exc anger 3 air 20into t exterior space of the
rack 300tevtires syackn HIO: Troear m8&8 YFloGeadbByst slot 330 héused fir thertNOrheﬂﬂse

storage device testi.ng .system 100 ma rea he vibration transmtted to
St orage Bavy et et R aE bSO Tt o R AR 3ah 0o YLRER oS Putdsgp Rk,
i ncl ude gnnhahdr dieMeF SRPSF 4 N16tac€ YEAMSTE $n POt J0D rQWiei amHcest RRE Bogn of the

&€
rack. Qbstructions may defl ec? the airflow back towards the rack, where the
vi br at i ohhcaindew i9 Qtygct@dwbaﬁantlaib«ﬁemu@@@on@ly obser at feanisinp enéHottarm stacss or age

o 5005 Bhal®ar Betshfiaclie R OREEREN i th T SRR BERRAT 70, PRI ooe o

i ncl ude @OOEDB0 HEs @ﬁe atlhﬁlrcs@@kﬁe $0nd partionBuLdf Gk BBt Nosehg®B40 dnbe
robotic arm 200 and/or the pedestal person wal ki ng by, a wall

encl osi ngutteRairssxt 3 (FHy. %r@tﬁﬂtﬂtﬁ@rﬂ%ﬁéé@t@?heﬁlfr%@Hﬁéo‘d}r BRI pIdAt in a

Lac.t ory. @gcgl&g th B ?6&@%@4% NS 53t Qn2ho 350 BP{h%%nWb&{rﬁ‘édt%Qt%néPrtoSt orage
evi ces elng tes , Oone or nore techniques nma enpl oye o]

at t enuat ¢he r@cﬂcrﬁi)@l Afesnghagyingotiheqaeh slee #it heat eknifaﬂger\BISbl‘t]ﬁﬁ aioisgecleased daclof t he

storage device testing system 100. .The attenuation or dispersion of
ai r2%or n’éth/'ihBreé'EeFIBhSH?ﬁQOg@‘e6%%%%1”@5@56@%’%%%(\}9 pB¢hni ques, such as

the use of abzariyngifln HL SR, 'd%%cg?etsﬁﬁéc %mmﬁfag itdpERUER A6 LYS

t echni ques, such as active vibration cancellation
transmitted to storage devices 500 under test. As rnentloned above, each rack 300 can

include an air mover 358 that exhausts an airflow from the bottom of the rack.
Obstructions may deflect the airflow back towards the rack, where the vibration caused

25 by the air mover 358 may be transmitted to the storage devices, either directly, or
indirectly by striking mechanical parts of the rack 300 that are coupled to the storage
devices. Possible obstructions may include another one of the racks 300, automated
machinery (e.g., the robotic arm 200 and/or the pedestal 250), a person walking by, a wall
enclosing the system, or some other piece of structure or equipment in a factory.

30 To inhibit the transmission of air-borne vibrations to storage devices 500 being

tested, one or more techniques may be employed to attenuate, cancel, and/or disperse air-
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Passi ve Techniques |n sone cases air-borne vibrations may be passively
attenuat ed and/ or dispersed by using vibration-diffusing and/or

vi brati orweksrisp3rg material in or near a storage devi ceCrasémy4®@yst em

Vi bration-absorbing materials attenuate the overall nagnitude of a

10vi brati on over sonme range of frequencies, and vibration-diffusing
materials reduce the incidence and nmagni tude of nodes in the system where

constructive interferenc ncr eases .t he | ocal of a vibration. An
el o DS it G g b g er e GroTeSaeTuitlr oHiveshudioRor abi e 17 om
Aur al ex #eRusibh 68air-HOrRXa5MmIieh Rhy 8e § e‘él'tﬁxlolugh ﬁhﬁfx@%&lﬂlcﬂﬂei fsus 19
material i's Q Fusor Sound Di ffusor aval abl e from Aural ex Acousti cs.

15PI acentatusodf fdxserbmg ¢Ic1h$petﬁw6tm@tsealma@tné:‘qralhrguglna@rvem@dnnlcmhe sstlorsage devi ce
testing se{ste can ab or scatter various frequencies of air-borne

vi brat i off’ W%é’ 9%%“8? Perial type and/or placenent allows one to tune

t he sanbunt and frequency of the vibration to be reduced. Areas of

constructive interference may be reduced, or nay be relocated to nore
beni gn IB@éWﬁrTﬁ INiGEes hot h. 20FI G 8 illustrates an inplenentation in which

a vibration ,
conbi nati on t er eorg)%gé;S Bt (E)rag[lg)%? H‘fﬁs 1? %Sgﬂelg%%%%g%gsP?ﬂagéﬁgggedl nthis
case, they ofisg mbcdtlo@lfdlffﬁsm@Moﬁﬁbﬁaﬁ&n-ﬁbﬂﬁblhgkna?é&&l froor tchea stobgti ¢ ar m 200.

Thi s rratgrl al 1010 either. abhsorbs the ai r-?or ne vi brati on emanat.i ng from
@

the exi t 995 BHINZHYSIARatVIRREPRABKI DR MG 38 Enuge e prileragnitudnokayer al
dirgctio

Vi bﬁ)atl oﬂl%{)a\?g)% Olsg%tn% f$%:chy glﬁl%gey B%glfggdglgﬁéﬁ 1?% i?%gﬂehae%dé%g?%r the air
around tmeldsymMmamde ognddee imthg 8y tterd ewlndre aomspacties midofeatricon i n any

given place, an ucin he.likelihoqgd of t mat i o ar eas

P N S SR R g p s e e
shape anfd/QidioRh&" i @Jaﬂ%letfmgﬁﬁwx%édu@ﬁbscgm &ahpldes) m«a{e&mwt i's

i nherently an absorber, diffuser, or 30both, wthout the application of a
separ at evileatien dzffusingr materis! ip@Y Ewe Sound Diffusot; B@llablq from ﬁmdc@écm@@her

i mpJ_ement,ation nat ur e of th
obots uct T B ghRSOHIBY o 0o SBRen bR FERIT b s B Rl edsiiiece | on

Wi th songannakéibicilscdt@r alsdusBreuerbidsfofa8-1dirfc WbFafien v BbleaddniT. maedlf f user
1020 is g] aced near the source of the vibration. This al so has the

advant age&PerndP¥ placimgpt Bdews e todencatlic amguisind-freapensytod dhayibragion gnbe e,
vibratio 0 t FI G
1001 1 ettt ARt cBlfrnlol Db o A, SR ol B SlBeelio more | oo

t ransm skdénign lotationby@tbodn to storage devices under test. In this exanple,
the airflowis d|r cted nore directly. upwards via a duct 1030, so as to

mi Mo ze t he FE+ Bdlwstigies agamplementagioh in,which g vibration management material

1010 (e.g., an absorber, diffuser, or combination thereof) is applied to the surface of an

obstruction. In this case, the obstruction is shown as the pedestal 250 for the robotic arm
200. This material 1010 either absorbs the air-borne vibration emanating from the exit
353 of the heat exchanger housing 352, or diffuses it in several directions, or both.

25 Absorption will reduce the magnitude of the vibration over some frequency range,
whereas diffusion will scatter the air around the system, reducing the magnitude of air-
borne vibration in any given place, and reducing the likelihood of the formation of areas
of significant constructive interference. Alternatively or additionally, the shape and/or
material of the obstruction could be designed so it is inherently an absorber, diffuser, or

30 both, without the application of a separate material for this purpose.
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10FIG 10 al so shows an alternative placenment of a vibration nmanagenent
material 1040 (e.g., an absorber, diffuser, or conbination thereof) in the
di rect pawb2ofvtshesair flow. By placing nmultiple such elPemarse&itionodhe air
path, with none of them conpletely blocking the path, the velocity of air
fl ow can be reduced while the diffusion and absorption of vibration can be
i ncreased. Care can be taken so as not to cause any new undesirabl e

15refl ecti ons } Conbi nations of the inplenmentati gns depicted i n FI GS.
510 hro ai SoFleh Qdlpgre BB eSSty AR DO pseg: r Br RS arhess |

FIG 9 whkhaRi 8050608FucRbREAHKASWH Br Fhifabl 8- InSkhess tdihe MREL&H are al so
possi bl e. Furthernore, while inplenentations shown depi ct a single rack

wi t h onewih some ena2dsd tr ehgerbdediifes airprdnavibratighea diffuserod@p igB8cadercgr , f an)

as the spurce of .yi brati.on,t.here b | tipl,e.vibr.ati on sources,

Cncl udi niesttrenst Her il THLET bitihe Afvaithes sReai el PAeRBYREEST i ¢ arm
200)5, ot h&t-reSleOtcagmdritedn, €8S viktagbrathRiugh tan AG WS thafloRNebtsLgtang iRIFIGTd. ow.
There may al so be other surfaces or structures that can reflect the

vi bration, j uBlG 49 iuserpss gayxaeplaaf heyslaeflawrmaet bypddiegd sogt causes l9ssor at i on. As
menti one I t St [ d- (wnd) in
nat ur e, %?I?Sg]g%lsﬁqn %ﬁ?ré{égq%c%%géﬁgéﬁé/eﬁ:&gd&ﬁ&| H ﬁls erxafngy’g{r?dallrrp%ﬁe ntation

t hat i ncdivetes hmoe duddily upnards vact duce 1030 s@td Midanize kthedetlostione aff thére sour ce
(air nover 358 (FIG 6B)). In this case, the frequency 30spectrum and phase
of the ndé¥cQUrce is either previously known, or is actively measured,

andi,@a 180 out pRf 19RAS’NENS ad Ll?é%'tae%m%ﬁl%hﬁ%a Ji%ati%ﬁ{éﬁ%ﬁ‘e | Rt acoustic
I e ra

device 1050 (e.g., an audi o speaker) to cancel out t tion. This
t echni qud49d(e.galanabbebepdifiusedonvdonibizatipn dlicredie inpths direet padcdfitheuaie slodi scussed

cbove, AQUIREL of L IPLETSILELLong, have boen, deser bed vt Ngtess.
depar ti ngefpa@MHchRIcRRY off hir A GEMRGc@iccd Wil HRCAiFEYOS and absorption of
vibration can be increased. Care can be taken so as not to cause any new undesirable
15 reflections.
Combinations of the implementations depicted in FIGS. 8-10 are also possible.
One could, for example combine a diffuser as in FIG. 9 with an absorber placed as in FIG.
8. Other implementations are also possible.
Furthermore, while implementations shown depict a single rack with one or more
20 storage devices, and a single air mover 358 (e.g., fan) as the source of vibration, there
may be multiple vibration sources, including but not limited to surrounding automation
(e.g., the robotic arm 200), other storage devices, and ambient acoustical noise and air
flow. There may also be other surfaces or structures that can reflect the vibration, just as
there may be multiple direct paths for the vibration. As mentioned above, the vibration

25 may be acoustical or fluid-borne (wind) in nature, or both.

Active Techniques

FIG. 11 illustrates an implementation that includes the addition of active vibration
cancellation near the source (air mover 358 (FIG. 6B)). In this case, the frequency
30 spectrum and phase of the noise source is either previously known, or is actively

measured, and a 180° out of phase air flow is generated, for example using an acoustic

12



For exanple, with reference to FIGS. 12A and 12B, sone storage device
testing systens may circul ate anbient air through the system To nmaintain
t he t enpewetorigsef73t he anbient air, the storage devi ce PETUSAY1I/YBDEM nMay
be placed near air conditioning 10vents 1060, in the floor, walls, or
ceiling 1062 of a room housing the storage device testing system The air
exiting the air conditioning vent 1060 may be a carrier of airborne

vibration origjnating framel sewhere in the huilding . As illustrated in

F e 1oatedee, D3t o iagereey et ot tonian g his S haiguE EbbAbana) or a
di ffuserje fBbiRE WItR¥hHBFiht Pa@dBrObéh Qlsclsbd Mseai r-borne vibration
emanating fromthe air” conditioning 5 vent 1060. Alternatively or

additionally, an acoustic device 1066 (e.g., an audi o speaker) my be

provi ded to cancel out. the air-borne vibration,epanat,i fromthe air
bondi £ 1 oni ng. oeuDRgmPIEn i P bren fopsr e S SEEILACT e
devisce t gsderdigb st @MBudmBdifitatistiensy Bdhmhdeaith@itepHa0E Foeh thy Spieifndvhi ch

may include a punp 1070, as illustrated in FIG 13, to circulate the water
wi t hi n 28cReokstdisslosticher st orage device testing systems may include a

conpr essor - ba Lrorefri I it 17BS I G 14.
Both ¢ he. punp! G070 i Fitha SRRk RO 12X 0 128 HEREEHEH! e, 050
W t hi n sustenstosagecultey uebichesit ingughythé eyskenBYo brimgu tieesmptradire obor ne
vi brati on. Q% iIIus%rated in FIGS., 13 and 14, a_ vibrati on managenent

@

mat er i al the@upiqus 2y, the siaragdlgyiseiesun@pisienanty or PREPY nFAEPILENHIIGHNEed t o
25apsor Dy @l g0, B thE W86, Aal1s.RR 1Bk 1BE2bE QRboRIBAANIN. E@@%%&c@um 1070 or

t he conpressor-based air refrigeration unit 1080. Accor 'y, other
i mpl ementeatingnystear. él'hei dihéxititghihe soepediabnipechitol 060 wiaygbecd @irme.of alWHAT | S

CLAIMED ] S: 1A storage devi.ce testing.system.conprising: ,a onprisin
S| bao: b Y hedtony ek g Sav il e by TG o RS ey RS 3R 8T eeti ne.
wher ei n {iBeatfo Phandl@hert nadH$ i 064 {a). | oh DPBSLLhIG Adiffud) Rhy beast one side;
and a vibration managenent material capable of absorbing and/or

di f f usi nproaided boabrerbyargiertdiduse ankeara vibrdeneintanatinofiomdhagje cenditiorangri al i s
9 SR, 805 RS RIS REH LR O 5 S AR B oL
obst r uct in@f be provided to cancel out the air-borne vibration emanating from the air conditioning
vent 1060, as illustrated in FIG. 12B.
Some storage device testing systems may include a chilled water cooling system,
which may include a pump 1070, as illustrated in FIG. 13, to circulate the water within
20 the system. Other storage device testing systems may include a compressor-based air
refrigeration unit 1080, as illustrated in FIG. 14. Both the pump 1070 and the
compressor-based air refrigeration unit 1080 within such storage device testing systems
may be sources of air-borne vibration. As illustrated in FIGS. 13 and 14, a vibration
management material 1090 (e.g., an absorber and/or a diffuser) may be provided to
25 absorb and/or diffuse air-borne vibration emanating from the pump 1070 or the
compressor-based air refrigeration unit 1080.

Accordingly, other implementations are within the scope of the following claims.
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arranged within a path of air-borne vibration, wherein the vibration
managenent material is applied to a surface of the obstruction. 3. The

st orage dw0i2081/15¢%Bi ng system of claim 2, wherein the olpsTmsetiiLoOmNS

anot her 15rack within the storage device testing system automated

machi nery associated wth the storage device testing system or a structure
encl osing the storage device testing system 4. The storage device testing
systemo i , {n the vibration managenent nmaterial conprises a
diffuser&“%%ﬁiék%f%&ﬁ§§ﬁ#age device testing systemof claim1, wherein the
vi brati on managenent material conprises an absorber and/or a diffuser. 6.
The storage device testing systemof claim1, further conprising a source
of air- B5borAetarigy daviaricsting syFem comprisige: devi ce testing system of claim
6, wherein the sgurce.of a{%-Qorn§ gibration ?ngrises gp ai& nnﬁer, a
punp, a conpr SEEEFOMRHPBA KA RNY CEhHES “toungﬁ}“r?é VEREYC 308 eI Grdge devi ce
tests ng gymigmhefeitihditedt dlot is substantial @k FdsRd td&ir bAGKIERBRE bidesanan exit, and
at | east one air nover configured to nove an air flow out of the exit of
the rack, anda vibrationgpaagementeaterial capabiofmbrergeesnd ongiféysing aif-8o@e sposed

Wit hin %'Bf’atﬁ'anf’{,hérhﬁ (R Cibkl[n%‘ﬁ’&%ﬂag%ﬁ&ﬁ térfaﬁ‘is{ (ﬂg % Lo N tolaliEnfACKy © 9 The
st orage device esFlng system o arm g, turther conprising a duct

di sposedb@henibrithe ®@ypled of thehestslaek and arranged to direct the air flow
exhausted fromthe exit of the rack towards the vibration nmanagenent

material . 1010. The storage device testing systemof claim8, wherein the
Vi byt i op mn‘?ﬂ@ﬁgﬁ%e device testing system of claim 1, further comprising an obstruction

arranged within a path of air-borne vibration, wherein the vibration management material

is applied to a surface of the obstruction.

3. The storage device testing system of claim 2, wherein the obstruction is another
15 rack within the storage device testing system, automated machinery associated with the

storage device testing system, or a structure enclosing the storage device testing system.

4. The storage device testing system of claim 1, wherein the vibration management

material comprises a diffuser.

20
5. The storage device testing system of claim 1, wherein the vibration management
material comprises an absorber and/or a diffuser.
6. The storage device testing system of claim 1, further comprising a source of air-
25 borne vibration.
7. The storage device testing system of claim 6, wherein the source of air-borne
vibration comprises an air mover, a pump, a compressor, and/or an air conditioning vent.
30 8. The storage device testing system of claim 1,
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material conprises a diffuser disposed along the exit of the rack. 11. The
storage device testing systemof claim1, further conprising an acoustic
devi ce arweangadspy3cancel out air-borne vibrations. 15 PCZ/US20130@008g€e
device testing system conprising: a source of air-borne vibration; and

a vibration managenent material disposed within a path of air-borne

vi bration emanating fromthe source, wherein the vibration nanagenent
material is caBabl e of 20absar bi ng and/qor di ffusi.ng the aj r-bgrne
vibration. 13NCFPRhE K £GRPHETH e ttedtd 41 deasl Atcety BPVEIQrHEYSY H8YSi n t he
vi br at i o, RNBFYIEBE (hBBRLBOF Be r8TRAA S€S an absorber and/or a diffuser.

2514. The storage device testing systemof claim 12, further conprising an
obstruction awhemgetic wibrdtiom manpgemetfmatemal bodinposed prthin opatewhtiwtaing from

t he sourge of aif-g#)r nﬁlgvi rog.;i on,, wherein the vibration managenent

mat eri al 1P ¥ SAPBISeAdT e KA B the obstruction. WO

201% 159573PCT/ US2011/ 040009 15. The storage device testing systemof claim
14, wherein the obstruction is a rack within the storage device testing
system %ut onbbegorge HeYied (pstagstsicat &l & fumeer spwpeyes deliricdisnosed i ng
system - ghn 2Rt G WG A0G| OFAGC REIRLPEAR MIRY LAGLER HbRONSYS] G5 16. The
storage devrce testing systemof clairm 12, Turthér conprising an acoustic
devi ce arachngedds hecibisedn @aiagamentastegalyi br ati ons emanating from the
source. 17. The storage device testing systemof claim 12, wherein the
source conprises an air nover, a punp, a conpressor, and/or an air

congli tiofy ng Yﬁ@&tora%g device testing system of claim 8, wherein the vibration management

material comprises a diffuser disposed along the exit of the rack.

11.  The storage device testing system of claim 1, further comprising an acoustic

device arranged to cancel out air-borne vibrations.

15
12. A storage device testing system comprising:
a source of air-borne vibration; and
a vibration management material disposed within a path of air-borne vibration
emanating from the source, wherein the vibration management material is capable of
20 absorbing and/or diffusing the air-borne vibration.
13.  The storage device testing system of claim 12, wherein the vibration management
material comprises an absorber and/or a diffuser.
25 14.  The storage device testing system of claim 12, further comprising an obstruction

arranged within a path of air-borne vibration emanating from the source of air-borne
vibration, wherein the vibration management material is applied to a surface of the

obstruction.
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18. The storage device testing systemof claim12, further conprising a
rack including at | east one test slot configured to receive a storage
devi ce fowotestispgy3 wherein the source i s associ ated w POTIUS011Ae0009
1519. The storage device testing systemof claim 12, further conprising a
duct arranged to direct an air flow exhausted fromthe source of air-borne
vi bration towards the vibration nanagenent material. 20. A storage device
testing iste conpr i ing: 20a sourc%Hgf a%£-9$rne vi bration;. an acoustic
devi ce alt-anglBF 18148 ARRFC GENEAYS LR RN 15 SCEHE the ARNEYGHRG 1t # BitKt he
source. dhinhestofQt ABEHRHIKE YRS, aDDnRY&E BRHHerd hRoblaRd wih@eei n t he
acoustic device 25conprises an ‘audi o speaker. 22. The storage device
t esti ng siygedrofe chtaiguy30m, nhesiwigiutcivaclasiog shd sordgs doecd tsstaigspeisend
adj acent the source of air-borne vibration.

5 16.  The storage device testing system of claim 12, further comprising an acoustic

device arranged to cancel out air-borne vibrations emanating from the source.

17.  The storage device testing system of claim 12, wherein the source comprises an
air mover, a pump, a compressor, and/or an air conditioning vent.

10
18.  The storage device testing system of claim 12, further comprising a rack including
at least one test slot configured to receive a storage device for testing, wherein the source

1s associated with the rack.

15 19.  The storage device testing system of claim 12, further comprising a duct arranged
to direct an air flow exhausted from the source of air-borne vibration towards the

vibration management material.

20. A storage device testing system comprising;:
20 a source of air-borne vibration;
an acoustic device arranged to cancel out air-borne vibrations emanating from the

source.

21.  The storage device testing system of claim 20, wherein the acoustic device

25 comprises an audio speaker.

22.  The storage device testing system of claim 20, wherein the acoustic device is

disposed adjacent the source of air-borne vibration.
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