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E%hﬁ&m%dﬁﬂ S 1 nventl on ge 170 qgéar},g{%rgget C%%Ie; oﬁrSTen'éLa ﬁ&“,

chanbers and apparatuses for 10 15 use therel n. Mre particularly) t
present invention relates t RELAFEDA R IONS suitable for use in an
envi ronnent al test chanber, having i rrproved flexibili ‘ty, nechani cal
stability, enbpj¢ ﬂ&ﬁh&téﬂaﬂﬁéﬁﬁﬁdﬁ frdih Br ntion
also relates to aﬁlsobarrl er wall’ an% :';1 mtﬁéﬁﬁ%ﬁ?@&y%ﬁgm}dgﬁifo

chanber | IR ée“%?oﬁ%rﬁé’%ﬁe SACcaoR RORLELHl 4986 e Angest anih ol

test chanber suitable for indivi dual or small batch testing. BACKGROUND
Conput er Previsionali Applicatien Divoter §0/4 68,280 filed Oatobef BUY999] nd Prosisigh@l pr ocedur e
20 conducted in an environnmentally controlled test chanber. These chanbers

gre desi gOficibr Retlkied/ 170,059, ¥ited DRRRAANI3! {985 whi | e appl ying control | ed
tenperature and humdity changés so that the drive manufacturer can obtain

accurate test results. Conput em al so usually subjected to
thermal testing or environnent esting during the design and
prot otypi ng phases of the manufacturing process. 1 9 FEB 200 PGITNSOOr 11083
1 9 FEB 2004 VihivinaeBion generaliy selates os Snvitbfiiental et éngnberd sl dpparmtusasfort i nal
verification" testing) is also typically conducted in |arge environnental
test chaghesreid "M@ PattidGiaHY She BRlsEfti I and
airflow inside the tegt 1cha c? S'ﬁlﬁvﬂ&%rsll %lm a%%%h%rﬁ%ﬁ%%? s@{t#\ggs
ange of .condi.tions .t ha e device under test is realistically expected to
dsee i n@"l‘?"ﬂ&@‘?E?V‘TQW“'Q\I‘?S&FWIP%? ving yppraved fexabiity, "t'éb%mt:%ﬁﬁgﬂéy-ur e,
and airflow may be selected to be sone nmultiple of the worst expected
condi t i oeshantedmrintaigabilitgangthernaeaurniformityafhe ptesendt ihvenvien iafsy rélaee uci
quality and

barrier wall, and a method of construction thereof, for isolating a test area from a pseudo-

ambient area in an environmental test chamber. In addition, the present invention relates to

an environmental test chamber suitable for individual or small batch testing.

15
A ROUND
Computer hard drives are usually subjected to a “bum in” testing procedure
conducted in an environmentally controlled test chamber. These chambers are designed to
isolate the drive from vibrations while applying controlled temperature and humidity changes
20 so that the drive manufacturer can obtain accurate test results.

Computer hard drives are also usually subjected to thermal testing or environmental

conditioning testing during the design and prototyping phases of the manufacturing process.
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reliability. To optim ze test time during burn-in and during fiynakrgg 2004
verifi cat WOHP}%26€37 ng, the di sk drive should be heated or copéiggs&;m%&.’
defined rate until the specific desired test tenperature is reached

whi | e applying specified humdity. Accgydingly) it is inportant to maintain
a specific airflow over the drive during this phase to ensure that

t enper at UTRis3ERNCRLsS kKbl b Ve ane t.ypi.c of .the end use

envi ronnment. The g:i rflow thgr](;%lgﬁ V?{%}g‘y%?é’gt ?%shégrﬁ%gisﬂﬁ@!“&Vﬁn@@t&uﬂﬂatg’eent
to ensure_a.consi z‘{lent %nm di tﬁ and tenperature variance throughout the
chanber wff DG leX Finhese heemamfaemenr eelects thertmniibity, 1 témpatatl?€ and
operating device (typically about 15 thirty watts per a disk drive)) but
not at a 4iefew izsidedhe eést Eheaamisedisy ehat RGRhLARES (hB ks | d faid to.simlate
the final operational environnent of the devi ceé%éé&gf&?oflﬁﬂa@rﬂ"ﬁ%I

envi ron .consi st of .one or . two chanbers. One chanber
pr ovi degsdgk?g‘rqi:crg?wge{}ggﬁ;\;@émﬂ%' §¥p°§ﬁélcf@e‘ﬁ9f’ 1 Heusefd dife.u Adternatiwely, flshe

testing ch er”)) and is designed to provide heat and cool |arge nunbers
3 dERy, else

of di sk BRFTR{re,andigirfiowi maay b selectedato b sbing®nulEPRGF tﬁéw@?ﬁger ally
no feedback control fromthe drives, the control of the overall chanber

t enper at umxpetted ognditiong) rEegs : ' Accar di ngl ignificant
temperature variations can a%cgggt?ggocﬁére%mp?ﬁﬁéﬁ%ﬂemtv@@%"dgﬁ yand 19
FEB 200 \Qgi%ii 9627 -3 PCT/US00/Z 1083 which result in different

t enper at ures r drives at different |ocations. Another problemwth
conventional environnental test chanbers is that all of the files in the
chanber are heb® BRYBIFSItest timsgbringiburiFiruand during dina) Géritictioh ?csﬁié'ﬁ',%@f]fsglﬁ ive
designed for batch processing. The second "tester"™ chanber) 1t inclu eé',

t ypi cal | whpuldtedrated o¥ Ros1ed hog défitad'r - re. (in single chamber
devices) the tester hardware is si nplﬁétu?g@egﬁ{c%\%dﬁsﬁéé%%r erape)is The

1odi vi der : sting .and tester chanbers has customarily been a
sol i d m?gﬁcvﬁmgpﬁhﬁlgﬁbﬁ‘%@g?@?&&“@f Bt rAccardirgly.dt isdmporiantite avkintain a specific

connectionsg nmade via permanent holes in the wall. This solid netal wall
sever el y 3Iflom aver the driveduningithis pbaseap phsure thaDRpRur BkRerdWithid @ledivan 1O
accomodat e different applications a time consuni ng and expensive process.
10 The sald sypival of the@hd us &Rirdheis Qix:x'f‘ ' al JLranster betueen the
two chanbers. The drives ar eltypi cal-ﬂ%= eog |mnHu§n$I?°x‘Fﬁr°Z‘ LMBSL31sQpe whi | e
t hey und . burn-in or fipal, verification testing procedures. One

pr obl em Smﬁﬁﬁlé@gg?/%n Poheqnsistept BP@?’U@"@&?’PP@?@W varianes: throughoutr the ghameett 0
transferring nmechanical vibrations to the drive under test. Conventional

hol der s dthileidissipatiog shasheat gérierated during the tgady thé bpsratimpdide R REAN Whokle

drive, contributing to 15 thermal gradients of as nuch as thirty degrees

15Cel si us. v atis bl [ b hey.add noj se t
Che (ot Totul TS Panae ok el PUPRR ofk vt AT PG P pov untrbionid tolost

chanber. . . . .
to simulate the final operational environment of the devices under test.

Conventional environmental test chambers consist of one or two chambers. One
chamber provides a controlled environmental space for the items under test (the “testing
chamber”), and is designed to provide heat and cool large numbers of disk drives, typically
about 120 drives at a time. There is generally no feedback control from the drives, the

control of the overall chamber temperature being the preferred mode of operation.

Accordingly, significant temperature variations can and do occur within the testing chamber



Anot her problemw th current carrier designs is that they |ack 19sEEB 2004
friendl i ngse/poivese designs typically use a "sw ng type" oFcTisgoR16k30r"

|l atch that requires a large rotational 20 notion to engage or di sengage the
poi nt- cl anping site with the drive. These | atching nechani sns al so do not
provi de clear access to both ends of thé drive when the latch is open.
These problens can interfere with cable connection and arrangenent. 19
FEB 2004 wbhichresgsindiffermbtronperatures fardriypoatilfferpntdpsation 'Mioghsf problem it er
designs is that they are relatively expensive because they require a | arge

amount  of pANNEBEA ehArSnmbstabeliahambéry lxRat 0 of R files inl tHechRm®er £81 | S
conpounded because conventional carrier designs are custom designed for a

single use. F X I carriers bujplt to.test 3.5 di i not
be dsed wpeedeastadigeficeo This, Bede Sl AR mrREPULaEFike TR RPL BRI ana
assenbly cost of the carrier. Lack of flexibility is also a problemin for
users who need The seeand ‘desiert ichambess if includedSypisalbhprayidssraspacsdecthe tester

manuf acturers and research facilities. ldeally, an environnmental testing
ghanber amgrdwiié [if sireRSéaRtbes davitanths et daidadie/is dimpll Yefs bl inche aabiendsir).ce
under test to its required environnent, should allow for 10 accurate and

preci se cqptrol, . of the envirannen and shoul.d al |l ow t devi est
o be" L oadd AHEERALEeT P JTHRR Py epBF chamtnien BuriOp gheBf 4 sPT e Shar
through the testing station. This ideal, however) nust be wei ghed agai nst
its cost ofith inshlawdeleatricahor Ghew'fasyneededd cennestiensimeasde vio pemaanentrhalss i the
envi ronnent al test chanber and hard drive carrier capable of acconmodati ng
di fferent v@ﬂﬁl T@?Edl%stai_w}%ciiée@ lhi®Rtsahe AOGbiliRY oftapplifdtions hhd Aialtes any

i nexpensive hard drive carrier that reduces vibration and inproves airflow
around the drive. In addition..there.s.a need for a.no 1] y
o i § v NEERPR 19 afbarada Birteeat adiicAfhe e S sn il A HRpRV pRSL

cl ear access to the ends of the drive at all tines. The present invention
10 ovi des &Fheesolid mmtatevalhalso adowssigmifiegnt heat tansfer batweercthe Awp ehambers.
accommodating di fferent devices under test. One aspect of the present

i nvention incl uggs qtibes £0 RrAedlydeldia sl fdie Or 2 barree While tiyamdeigothaBamSintcr
fromboth the tester and t'ested device. These pallets may include "bricks"

that each forma_portion of the barpier 1.1 F 7
PCTNS001 2 féfgd vefi SHIng REOGaLES-« HF Profifan ity ﬁﬂ&"’é‘ggﬁéc}g‘&g}% 8}#%32‘%6? et
and pall et system provides for easy construction of a thernmal barrier and
perm ts grihey afelpronettol tranyfeamm mechmaical vibsations toks driive undsr tpst. GepyeRtienalspect
of the present invention is a systemof fabricating a barrier wall 5

bet ween t he,h&s fo¥ ARl SR1ab pYdVidd Bpd alr cirBulanyn &rean® teadrivepednte Betinpeto.

One enbodi nent of this systemconprises a plurality of pallets adapted to
receive a device upder test and a.testin ppar at 1s r dapted to
LE0EI Ve et of S LA BHFRRCARRE! Bl el ARG o2

undesirable because they add noise to the test results and generally reduce the utility of the

environmental test chamber.
Another problem with current carrier designs is that they lack “user friendliness.”
These designs typically use a “swing type” or “barn door” latch that requires a large rotational
20 motion to engage or disengage the point clax;lping site with the drive. These latching
mcchanism§ alsd do not provide clear access to both ends of the drive when the latch is

open. These problems can interfere with cable connection and arrangement.



permitting a bal ance betiween a maxi m zed nunber of pallets and qgbtaini ng
sui t abl e wormibsse? and tenperature uniformty in the test volune 1hGER 2004
pturality of insulation bricks associated 10 with the pl ur aF¢ T SHY2188 | et s.
The insul ation bricks cooperate to forman insulating barrier between the
devi ce under test and the testing appa’f4at us. The insulation bricks also
cooperate to fgrma plen capabl e of being purged by an appropriate heated
purge gas fl ow?! KOS Hreplem ydeeurrest carmier gesigrenis thay eeytar® felitiveRlexpensive
envi ronrrelr;t al test chanber suitable for individual or small batch testing.
One enbodbemange theymequires lagd SAbuMF i | ' Irdelivery
g Y PR aRd ahagt Riher G, ThR

system adapted to deliver a flow of air to the inle

recei ved j . and in pneumati ¢ conmunication with the inlet.
Anot her t%@? k@ﬁlgtﬁggﬁoé%%gi@%%? CB’E)‘FFE‘F'PQ Sagper4iesigns prevcastonsdesigned fdopt ed t o
deliver air to a test volune and a plurality of drawers received in the
test vol uftBelanee. i Forsxamle: cariersthuilntocmsti 08T disk rivBecaild nsebd 1eA Yyigyssem 20
Still another aspect of the present invention is a nethod of testing a

Bl ur al i t ydblese Theserprobitoms RERRE BicSmarkithchuslel DAY SBLRALR! h8G, L 2] S Jof

operably connecting a first electrical conp &8¢y of

i nsertinggdbenit; t drawer in a test unit; .. 1 9 FEB 200 WO 01
/09627 PCT] Uség'Fa{”(?g%&?‘%'é’dﬁ? IS ghmBted RS 2swepistydf dewises, isuch acsmplbnent
to a secqnd test drawer, and inserting the second test drawer in the test
uni t . ThePdsmanufagtusers andiresearchdatiliies,. nay either subject the first

el ectrical conponent and the second el ectrical conmponent to simlar

envi ronnent al Idedily), bn BMGroAmeRBY testind bh ARG US % asidti&Gl - tem t o different
environmental conditions. 5 The prggslent i n\l/%lr%tl on é@B%‘P@W&%@qQ si npl e

and i nex ' h rpye.carrier that reduces vibrations, inproves
airflow gﬁgiﬁ"rmdg'g?%@bi?ﬁ g %ﬁvfﬁﬁ|‘ﬁ“5Ffé§5téPé‘ﬁﬁm§m§lrﬂnvsrnpmng, skowdd pliaw ifore s
](il ear access to the ends of the drive at all times. One enbodi nent

onpr i seLCEIRLeAAE PaRSiseIsoREolof thesen vired meat, ahd Khowld AlIEWURS Bbvic&AHARFfea kol ©
the frame, a cam operably connected to the clanp pad and adapted to actuate

he cl atlei j ' |48 e i
t he cl ambeflaztiedinibadedindViduadyI60£8HHNubdds leys'bsfgaﬁg%gsatﬂfogx\éﬁ&e E%gg‘?%%taﬁ“?%ne,

enbodi ments nay al so conprise an el ectrica

t he el ectqiy: nbly being adapted tq communicate signals to and from
the hard rxsf@éal, iiﬁeievc?&r’?‘fsghﬁﬁig%ﬁﬁ%mﬁ%g°<95Wﬁ‘§‘lpl§;m€r§at?mnber and a second

side nenber that allow the sane carrier to receive and releasibly hold both

2.5 inch driv&3earhy tigrsisiamerd farmord flexitde eVicorinérilaldés: KRarfiBer anAhaff dfifke
present invention is particularly suitable for use with the 15

envi r onneairizt cipable dfadcdishodAeld; t invention i.g a carrier
appar at us adaptp:d for test?ng gi%&ﬁ@f\ﬁ?%@%’sﬂ%c&’g “E}Hcfe'?“f‘zg&a.mméc
15embodi ne ses a first test bed adapted for operable connection with
a first Eggnﬁg’gp %r‘?ﬁ'@rﬁmf%é‘?‘fe CareT. %téE‘gﬁﬂs yibsationeandsisnpsoeas diflowogrenadtte
connection with a second device under test; wherein the first device under

test is KAVgeln addition2theretie aneedfort adnoteaserdritadly 6 drideeirRer mﬁmgﬂﬁi?@
conprises a frame; and a clanp operably attached to the franme and adapt ed

to sel ectlangling/iwlamping bncb thablFrovides UREACIEESD R of the drive at all times.
SUMMARY

The present invention provides an environmental test chamber and a carrier capable

20 of accommodating different devices under test. One aspect of the present invention includes

the concept of designing “pallets” to carry components from both the tester and tested

device. These pallets may include “bricks” that each form a portion of the barrier wall



second device under test; wherein the first device under test iTs | (30 B4
t han t he Wwexawodédevi ce 19 Ff=B 2004 WO 01 /09627 _7_PCTN ognger
test. In these enbodi nents, the first device under test may be a 3.5 inch
hard drive and the second device under .test nmay be a 2.5 inch hard drive.
One feature and advantage of the presefnt invention is that it provides a
dual chanper enyironnental test chanber systemthat is easily adapted for
use with BFYMEER BAACS) STYIFQIMARS and tester space. Lhishnck and palletsystam rravidas fage i s
an inproved carrier having reduced nmass, increased stiffness, and greater
omi di r ecasycnsstruation bbatharmairtsrfidreind pexrmits gieasflexabilityedndateraatifityin clefalp
sinple pull/push or pull/push/tw st notion to unclanp, to eject) and to
prepare tg srié.glanp anot her drive for test. In addition, the carrier

provi des cTe r access to the ends of the drive at all tine, thus
simplifying caRIPe connections. Yet another feature and advantage is that
the 10 present APABERISPES of the Prasent inveptien isasystemyf] fabmcatingladarmariwall dri ve
test chanber testing system and design that provides inproved uniformty of
Senper at ubatweemthe tdsting and tesrerwoluaies ©f anleh vieshrvantdl adst @Rarhbeér0o CHR A bddGent
chanber by design) product testing flexibility, and capability for small

bat ch and : Sd Cyndf i ot her features, aspects) and
advant ag eéﬂ{/}\nuﬁss;y&g‘lggcg rrr@wtg%st% @?ﬁﬁiﬁg gfr. g%%gssdaed \/?/ig P% 1P ECEIVERIE VIS Yner ‘thl %ﬁ) ng
descri ption) appended clains, and 15 acconpanyi ng draw ngs. 1 9 FEB 200
WO 01/ 096EHIREEPREAYSp3 ffamewgrk adapted tpresepyerthe pluraity PEpalbrRay NB8nférgure 1 i s
a perspective view of one carrier enbodi nent show ng the top) right) and

front facpamiftingabalafide bawaen & xpixiriieed VuRibeOdf galiets Ané loBtMing sditibld KHERS €
mechani sm 5 enbodi nents Figure 2B is a detailed view of an alternate

cl anpi ng &.ﬂﬂe; i j i I,C,.view,of a caryier

enbodi ne n%&@%@ﬁgﬁec el vlg rmrﬁﬁct d| \&lﬁ(ﬁaﬁaﬁd&l Za @ Prza!a' ép&ﬁl}’éudgt on4b"i“:§cs gssocxated’
erspective vie ‘i%h one enbodi nent _of the present invention showi ng a 10
ard dri v&fﬂbé'iﬂrﬁ“ bepfinalietsn e anlation bricks cogpgrate tnfeamean;insudatingdyasrier

(l oad/unl oad) position. Figure 5 is a perspective view of one enbodi nent of

the presebdtweenhaidevice aidenitesy and thenektinigiapparatils) The iisaldtiof bridkoalsd eodgerdte ed

and the handle in a "clanping"” position. Figure 6 is a perspective view of

an envi r o b dp1dntd capRRIERP beid pPufded By riate heated purge gas flow.

1

Yet another aspect of the present invention is an environmental test chamber suitable

for individual or small batch testing. One embodiment comprises a test volume having an

15 inlet; an air de]ivery system adapted to deliver a flow of air fo the inlet; and a drawer,
received in the test volume and in pneumatic communication with the inlet. Another test
chamber embodiment comprisds an air delivery system adapted to deliver air to a test volume
and a plurality of drawers received in the test volume and in pneumatic communication with
the air delivery system.

20 Still another aspect of the present invention is a method of testing a plurality of
electrical components. This methqd may comprise the acts of operably connecting a first

clectrical component to a first test drawer; inserting the first test drawer in a test unit;



showng the top and right sides. 15 Figure 7 is a bottom view of1 NEER 2004
envi r onneMO1/09623t chanber pal | et enbodi nent of Figure 6. Fﬁ@ﬁbgoglﬁé a
perspective view of an environnmental test chanber frane enbodi nent
containing one pallet. Figure 9 is a frgnt view of an environnental test
chanmber franme enbodi nent 20 contai ni ng plurality of pallets. Figure 10 is
a perspect] view of an.epvironnental test chapber franme containing a
plurality d@%&;‘)’g ﬁ?‘;e'l"s“ﬁ%aé“c%g FpeFHI'-'é‘P FIRROTgAY f0Aseconditest drawer? and inSeiingABG2 7
PCT/ USOOr Z1 083 -9Figures 11 A-11 C are detailed top) front) and sidc plan
vi ews of afcendtestalrawer inlthe lesnidt. Dhié 2kt unft ig whie efibotitneAbma§ @IREr subjekt W Of
a carrier drawer enbodi nent for use with the dual plenumtenperature
control sy [ ' ' l.¢.view of an .environnmental test
chamber enbo%%n%ﬁ(t:ﬁf%\%pﬁaléaggé’?& %céﬁﬁgﬁt@%‘eﬁo §R?P8m QNI eryizonmental oy e
14 is an isonetric view of a single plenumtenperature control system

Fi gure 15 SGBHIUQRS Prmay gipylranceysly wJ%tmﬁmt%%}e)mumVimumnMimt.
Figure 16 schematically illustrates a nultizone thernmal-reheat enbodi nent.
$0 Figure 17 srermesanaidveniion alsd pmve@sarsimbmhaaﬁapy@weamr@aﬂw-Mﬁ%#fﬁ%z
system Figure 18 is an isonetric view of a environnmental test cﬁa er

havi ng a ' d i el i n el exatignal. side view of an
envi ronneﬁ%dé{ce% gitg}latﬁlgh{)gr ?cr%amrrlgI| ogyn%rggll}@n%ﬁ?i 1 %ESS’BEiF’ﬁf PESHEAFIsMRRE. AR
acconpanying.figyres and this description depict and describe enbodi nents
of the pr8EAdesSIGALAEress to Hisendsaf the dsive atalbimes. Qnelcwbodioeantamprises aof .
Wth regard to neans for fastening) nounting, attaching or connecting the

conponent $ravfe deffining 2 ssnbed, a\ckanip padl novedly QInfeétBe (d8E RaRieS Tt BeidBRy) ©)
unl ess specifically described otherw se, such means are inten eg to

enconpass L] chine screws, nut and bolt
connect or § Smrmgcﬁl tg g“?ﬁraé‘gﬁ%g%gg %ﬂ%g%trog%ds’ggeagw F%P&BPeWH@ﬂHBP”’F%& s,
1 uts and baqlts, 1.9 FEEB 200 WO A /617 PGI/ CJSOO Z 1083 - 10t oggl es,

Qi ns and i & hard drivg Somermbodirpents mayiglsocompsise anelostrinell asiemply atticbeid te s)
friction fitting or deformation, if appropriate. Electrical connections or
posi tion therfsamg the electrical assembly being adapted to communicate signals to and from the hard

drive. The carrier may also have a first side member and a second side member that allow
the same carrier to receive and releasibly hold both 2.5 inch drives and 3.5 inch hard drives.
The hard drive carrier of the present invention is particularly suitable for use with the

15 environmental test chamber.

Another aspect of the invention is a carrief apparatus adapted for testing different
sized devices under test. One embodiment comprises a first test bed adapted for operable
connection with a first device under test; and a second test bed adapted for operable
connection with a second dcvjcc under test; wherein the first device under test is larger than

20 the second device under test. Another embodiment comprises a frame; and a clamp
operably attached to the frame and adapted to selectively hold a first device under test and a

second device under test; wherein the first device under test is larger than the second device



conponents may be made using appropriate electrical conponents and{g Fgg 2004
connect i oWOn{08€ds, i ncl udi ng conventional conponents and Wﬂf@s

Unl ess specifically otherw se disclosed 5 or taught) materials fof nmaking
conponents of the present invention argyselected fromappropriate materials
such as netal, netallic alloys, fibers, plastics and the |ike) and

appropria yf i . dpctd on, net hods i ncl udi ng. casting

ext r udi ng?lﬁ"rir%ﬁ g#ng?gﬁ’(gjé %gg ‘?‘H‘?hg &rﬂlﬁfﬁpttﬁjévﬁgé‘ﬂg“ It?ftHEdibFiagiﬁs, "!fhﬁlar%dlévences
to front and back) right and |l oft, top and bottom and upper and | ower are
i nt ended BBY thegsoans deyice undersiestonaybs 22 indt harddtiveri t the 10 present
.invention or its conponents to any one positional or spacial orientation.

| . Hard Drive Qerfefirefnd adbantgePofiRé ﬁﬁ?&ftﬁlﬁ@m\f&?w_tﬂt i!{g}%wfdgg? g{j!@lg:rﬂt and

front sides of one carrier enbodi ment  10. e carrier e

12, a clagpi.n nism 14, and a connector bar 16. The frame 12 conprises

an "L" shgg‘é’&&' r’ﬁ‘%?%ﬁ‘ 8@3 l‘?déﬁ%“f@%@‘s fasﬁ)' gfapted-fog pseawithy differars dewicksandesi de

frame rrerrbetht']Ieft side bar") 20 that is generally parallel to and

éopl anar st nApether feaure aridduslvbatagd B anamgroved cartial hivwingiedgcudanads! dcreased

transverse cross nenbers ("cross bars") 24 that cooperate with the right

si de bar 3fidss, dnbiSréatériontiiWrebdonal QirfiGw 8% clhgngul ar test bed 26.

The cl anpi ng macha%irsm 1410 this embodi %Eﬁrﬁl?a?gﬁ%rg‘i%@'%ca{?ﬁ%ﬁ}??&dgsa

operating.; | i near._ ¢ 32, a linear return spring 34, a clanp pad

36) an 2os‘gppg%?‘?%’Hgﬁhe?fé?ﬁ‘é?}ﬁsﬁ};ﬁ‘séf@é‘PF ShUuBslaRR o gigct, andhtorprepare td eaclamp

handl e 40) and a hinge 42. Tire connector bar or nodule 16 conprises a

vari ety ofnatherdriveden tegtodn edditiomsthe cardbr providepclesracessp B theRpbs obe dfive kit O

port 52) and a configureable junper port 53. 19 FEB 200g WO 01109617

PCTNSOO t 210 8ne; ks BinfHIRyRicMe chfechSRY. ' [ gty A Rreviously tested

drive (the "old dri \?qep,]"yngt sﬁgwn) cbéﬁiuﬁ?ﬁﬁé&]ﬁ%a%en dea%)f Bes Wtﬁ?},m%my

| romthe frame.12. .This | I'ing of the hand] e 40: (i) causes the clanp pad
1@6 to nov%regﬁﬁ&“‘ﬁ‘ﬂﬂ? BWE%G@P(S ticaly irpplsmsntable; Multindrivh testechamberyiesting system

surface, which frees the drive; and (ii) causes the ejection lever 37 to

pi vot i nvandidssign thatquonddesimprovagiuniformitp ofitethpcheture lcntésl] arvifonhatal sohdiass

whi ch causes the ejection bunper 38 to first contact and then push the old

drive out i ' C 16. . hand] e 40... now,.be
ive ou vﬁa:@ﬂmem&me&anﬁhﬁbf@e}ggﬁ\, du&%ﬁgé 8‘%@3“‘3%“&3‘@!’#2‘1'5%5 now,

rel eased) comng to rest in a positi ere

W t hdr a sityon. That .i,s) the _gperating rod 30) with its |linear cam 32)
aut omat W&ifﬁ?&é‘?ﬂﬁ?\g" t'b“’%lﬁ)‘?qﬂge rﬁ‘éﬂ? %itde"‘gﬁﬁﬁmf&h aspastivend advantages walll by

t he maxi num ext ensi on of the 10 return spring 34. The old drive can now be
renoved abrtomepiettcrundarstdnd with nefarench fovtke folloténg dségstion2 appavedlEiaiRs, 'anB Ot
shown). The new drive should be inserted into test bed 26va,ith sufficient
1§ orce so maﬁlphﬁyiﬁé‘lgﬁgﬁﬁgst he connector bar 16, thus electrically connecting
the new drive's electrical ports to the corresponding ports on the
connector bar 16. The handle 40 is then pushed toward the frame 12 into a
cl anpi ng position, which causes the clanp pad 36 to 15 engage and to | ock
the new drive in the test bed 26. The frame 12 in sonme enbodi nents
conprises a plurality of cross nenbers 24.



These cross nmenbers 24 are designed to maxinize the carrier's Stlffﬁ-’?és A
yet al |l owyoi/@e2el | ent omi-directional air flow In sone enbodink g
the present invention, the cross nenbers 24 may be a conbi nBETAIF0HR108 ans
havi ng "LT" shaped cross sections, "T" shaped 20 cross sections, and/or
rectangul ar cross sections. These enboddments are desirable because t he
cross nenbers 24 define four air flow apertures 54. These apertures 54

all ow tenperature and [Kixss CRIT DETHE DRAWINGSUNd t he bottom and
side surfaces of the V\D 01/ 09627 PGTNSOO 10 3EB -12 dri ve during a test.
Enbodi ment's hawiggre 1s adefpective SAAPEFofd Q55 a anticul a”y
desirabl e becausgﬂt hey ?gn provide gr%ater % drfgxglgn ﬁ’é?%

Cross sectﬁl on of simlar weight. This allows the manuf acturer to use Iess
mat eri al ) v%'rg P educes their cost of manufacturi ng, reduces the physical
wor kl oad involved in a test chanber 5 operation, and increases the size of
t he apertures @@@@MSMGﬂvawwmywalasﬂammglaﬂ@raaﬁc%cdﬁﬁﬁﬁmdl agonal
cross nenbers 24 (not shown) that further increase the carrier's stiffness.
IsSn sonme ehdddimetis, the cross nenbers 24 may al so define four supports or
| egs 56. These supports 56 are desirable because they further enhance air
fl ow across th both , .Ssurface of the drive, which helps to reduce
thermal gradie gura g’fadﬁ?@ﬁ’éé’%’ Qfé‘atahFFEFPs‘flémplﬂBH@de’ebaWDmP@nEﬁlsshouI d
be sufficiently strong to hold the conmbi ned wei ght of the drive and the
carrier 10 and EgweaBds wxspekatqwe\bpfmaﬂhereﬁ)bsa@mmadﬁﬂ@d/ﬁfrkcé@ﬁﬁ'ltgﬁét5
W t hout these supports 56 are also within the scope of this inventi The
frane 12 grve B@egrade fromany material with relatively good stiffness. One
ZS suitable material is cold rolled steel This material is desirable
because it is relativel nexpensi v is easy to machi ne, and does not

out gas. Howeve g%?ﬁé?aﬁﬁ‘?ml ¢ ¥iew, %°t°ﬁ?b9d!mem§<f(§‘1ﬁepl@$cmImalcptlesehnwmga

i nvention. These incl ude, without being linmted to, grey cast iron, hot

100l | ed st herld)drwelhunEJMcmdllmattlwiem)i andla)handiélin ﬁh‘heﬁ'icd‘%}oaguﬁﬁiaﬂ dstion.
pl astics may al so be desi rabI e because they are |ightweight, l'ati1vely

i nexpensi ve) a 20 d er test frq

vi brations. The #:angqsg chb P?hé%bg’é?nﬂgﬁﬁ lrmf"t °p?f8§“é'gf""i°m@hthyﬁn&as a
general ly \Glﬁ%{‘i\'i ori encqatr on and i s desi gned so that it does not
interfereD v dully inseried jio the gast besk andthe hardle in 9*damphg? Positionot ~09sz~
~criusoonps3 -13di sk drive. This handl e 40 enbodi ment is desirabl e because

it allows for &gire6 ms)pﬂepd‘ctx@ﬂvﬁwcbf&hreﬂﬂﬁ@tﬁfﬁ&itaﬂtsst%%ﬁ%r T-H)%lt Fmﬁ@ﬁﬁ%eﬁt 40

enbodi nent is al so desirable because it provides a relativ arge opening
41 wi t houthduAhng ol sl ve insertion and renoval .. However, other
handl e 40 con%\?gura :&g%\gfgh{}r?{ant ations, and positions are within the scope
f this 5 i nveg:tl on_ This speC|f| cally includes) without being limted to,

13 handl e 40 s p&SgUsE V §s 2 Beffana yiew of an environmental test chamber pallet embodiment of

Figure 6.

Figure 8 is a perspective view of an environmental test chamber frame embodiment
containing one pallet
Figure 9 is a front view of an environmental test chamber frame embodiment

20 containing a plurality of pallets.

Figure 10 is a perspective rear view of an environmental test chamber frame

containing a plurality of pallets and a test interface device.



for automated or robotic handling. The clanp pad 36 in this enbodj

a rel ati vetooeszye cl anpi ng surface 46, which hel ps to reduseriiseiedsent i al
of* mechani cal notion of the drive relative to the franme 12. The cl anpi ng
pad 36 may be also fabricated froma regilient vibration danping material |
or 10 may have a strip 47 of this material attached to the clanping surface
46. One suitable vib [ danpi material s nuf actured by. Aero E A R
Speci al ty @mﬁﬁ'@%i\ﬁ{\flﬁ%amﬁgp?‘qg%mefm% a’éﬂ%%@%@f’%&f &Flﬁgégogﬂ‘ﬁﬁ'&’ nent s
are desirabl e because the vibration danping material reduces test noise)

t hus i npr chambetbreeckt est results. However, clanping pads 36 nmade from ot her
materials and/or w thout the vibration danping strip 47 are within the 15

scope of this i tyi 7 i FaV %t j i may
i ncl ude a rot atmaglﬁg ljhglglﬁrtl &?ﬁlgﬁ ﬁﬂg%lg,a sucﬁaas a%‘ﬂg?/&e]n%ggﬁrﬁg?agwggﬁflom
the clanp pad 36 to engage a drive of the drive's orientation (i.e., allows
the clanmp "BFW%’”&P’%\H%BE&L%Y&WEWQ force in a 180 degree range). These
enbodi ments are desirabl e because they automatically allow the carrier 10
o hol d 20 non-Figuredddskmisotetricdew of de entiamimentbh estehantbes jegbotinteh hapiag a38
is designed and |ocated to provide a conpliant, yet firm contact with a

w de vari I \ facilitate their renoval fromthe
oar i or Skl Plenlh hffiferdiind lheol bysfely L80T8 ol Cone sl £ abl &
material is awéglid, Qut relatively conpliant, elastoneric material, such
as rubber. HowdV&§re 1412 ISREEH]S UPY of a§inglechlemum temperatars conirghsistemo| yner
bunper or an air filled bunper, are within the scope of this invention. The
connect or bar THgume 1Scokemativally ithustratesraynutiiuvha doalaluei ergbadipent. or a
plurality of 5 ports 50) 52 and 53 that are designed to engage

correspondi ng : Ve 50, 52)
and 53 provi deClgg'{l/‘l’vg(r\ir6'fg %hét?ﬂ%‘}@’( \k/lgﬁg%tgg%%&lﬂ t% Fﬁa}#g#l mIEE (??nnl%t(alg%lﬁmfo and
fromthe drive._The connector bar 16 in sonme enbodinments_is renovably

1% t ached to thdFigwrgdd seherpatically ilinsiratesan aliernate, ¥ariable-airyohHlesystFfesi gned t o
accept a portion of the connector bar 16 10 below fingers 72 (Fig. 2A).
These "nodul ar "Figumri8ds an isoatemriclGewrof adasirsrmidneal e ehsnbdrihavingraplaralitpofray
be quickly configured to engage drive types and nodels that use different
bus interf &, such as >DE, PCl, ATA, or SCSI. That is, users can easily
attach different) interchangeabl e connector bars 16 to the franme 12
whenever the user needs to test drives having a particular interface.
Despite this adugiedgds amelgeatiqnal side, wiew of jangayisonmental fest charabarfrarae nanent | y
attached to the frame 12 are also within the scope of this invention. The
ri ght si denidiéntand the left side bar 20 in this enbodi nent include a
pressure

15
DETAILED DESCRIPTION
The accompanying figures and this descriptioh depict and describe embodiments of
the present invention, and features, aspects, and components thereof. With regard to means
for fastening, mounting, attaching or connecting the components of the present invention to
20 form the mechanism as a whole, unless specifically described otherwise, such means are

intended to encompass conventional fasteners such as machine screws, nut and bolt

connectors, machine threaded connectors, snap rings, screw clamps, rivets, nuts and bolts,



strip 44 WQOHMET act ured by Aem E. A R Specialty Conpositespd 3&1

nunber of SB-40-ALPSA. This pressure strip 44 is desirable becausé'l

provi des good wear resistance and redqg s 20 vibrations. However) carriers
10 without this pressure strip 44 or with a pressure strip :~4 made from

ot her material.s.. f ing vibration and resisting wear arc within
the sco pe?%sl#@g ?ﬁt\i/)lehgth%Sh %r’r'?@ "gmff By ?éﬁ? Rcsanneesod by weltiing, 3aibesioasns3
-15Fig. 2A.is an expanded view showing a first enbodi nent of the clanping
nmechani smirietionfjting opdeformatiopeif approprietea Blewric orfediaki Bﬂﬂés@di&?sc%i@ngﬂ er
section 59 and a grooved section 60 that conbine to formthe |inear Cam 32.

The di ametempeientsfay B¢ & i i i s designed such that the
operating r od 30 caerll)} sl i gg&??g%g@r? ﬁf@%gﬁe‘ﬁﬁk‘%@%‘ﬁwﬂ ﬁé‘“ﬂ“i‘i"&ﬁﬁ‘i"ﬁbﬂf&d

36. Fig. . S0 sho actuating . spring 64 _and a hinge pin 66. In
operat i on,%ég Lﬁiﬁ%?o&’c\'ﬁ'\gzo"gﬂ‘&qmm{’%ﬁ q%g canpegkars Linidss spreifically ofierwisedigchesed
gperating rod 30 is in a fully inserted or "clanping" position. In this

Bosi ti on) or aaght, matesialsformeking spmpendnts oBE pddentaRFErfon ek SQekiaPsaRd t he
hol e 62 such that the actuating spring 64 can pivot the clanping pad 36

around th bﬁ}%e i i Lth the, har ri.ve. That i5s)
10 the actgrl)gtl ng ?Sﬁrﬁg %W?aﬁkﬁ’ggg?ﬁgqugsﬁﬁbﬁﬁ’ B{o%ﬁ“%‘@"gd'g? hg‘f’ afe har d
drive whep the.grooved section 60 is laterally aligned with the hole 62.
Sli di ng t ARPTEYEHManyfactsgng gr Bredugion Hethods inghiding ¢asting,iextrudingt moidihg and
aligns the wide dianeter portion 59 of the operating rod 30 with the hole
62. In t himschinisgmhayrbe ushd I afldititre awy refersmes ito frorPardl bickerigRemalif dop afld 30
engages the interior surface of hole 62 and prevents the actuating S%I‘I ng

64 from bpatdm Lm’,p}ﬂ i the .drive. That j.s, the
operating rod g(l)df)@ec\gents t g&?P%ﬂn%dgn%rgg@V%?nFFSﬁF%EBPﬁd‘qFﬂai‘@l‘ti‘b%
jyhenever the grooved section 60 is not aligned with the hole 62. The

per at i ngPEEHT SYCPHOR 9f 15 COMROAERES £Q any ons Resitionakersspacifl oriergatidn. on 80 t hat
is adapted to slide freely through a slot 82 in the ejection |lever 37. A
pin 68 filkdHandtDrive Carri@spondi ng hole 69 in the flat section 80. Pulling

the operating rod 3G fromthe clanping 20 position to a partially inserted

strip; 44 of netal -covered vibration danping material. One suita IeF‘%e@ﬁure
r

or "home" posigibo;j - v [ 80 l.aterally slide through
the slot 82. This, imiur n{'@éé’?gﬁébbﬁ? tB@‘{%métrfb‘%dé’fQXB&E’R’cf ace 74 of
the eject i to pull the operating rod 30 fromthe

i Olgﬂ}ﬁil evetr 03&B‘§C0nti nal,n ;
home posi TTRIMENtI 0 Jihe camier 40 includes adrames] 2 eoclamping m@banisRaW, weda/ ~1083
-16w t hdrawn or "ejection” position causes the pin 68 to exert a force

‘agai nst t¢naneerkbar 461 The frafnetlReopipeisés 41 esHapeBrheht MdStrifb He aRiey Pt St he
ejection lever 37 around the hinge 42 in a cl g?:kvmgse di rrect ?‘%rﬁrmfgg@%l cted

Brive. ras bR h i frbe MARAR (108 e 357 ) 00 ¥ Renamlviaral tepnd

engagenent with the connector bar 16. Thus, pulling the operating rod 30
fromthe qugﬂfﬁ 6h H};sqg(hg side par 18, and a plurality of generally transverse cross members

(“cross bars™) 24 that cooperate with the right side bar 18 and the left side bar 20 to define a
rectangular test bed 26. The clamping mechanism 14 in this embodiment comprises a

cylindrical operating rod 30, a linear cam 32, a linear return spring 34, a clamp pad 36, an

20 ejection lever 37, an ejection bumper 38, a non-interfering handle 40, and a hinge 42. The

connector bar or mpdule 16 comprises a variety of electrical connections, such as a power

supply port 50, an /O port 52, and a configureable jumper port 53.



!

the ejection position releases the clanp and biases the drive away gggonh he
connect oW®B}096%. Nbvi ng the operating rod 30 fromthe honecpasoérg to the
ejection position also causes a flange 90 on the ejection lever 37 to
conpress the return spring 34 against_jjhe franme 10 12. Wien the operator
rel eases the handle 40) the return spring 34 produces a force that pivots

the ejection | in .0 ountercl ockw se, direction
(as depicted IIﬁXﬁératofgxb%é)&’{%ﬂg{ 2 j%ergkter’%g af%g/\g?usi)??csﬁc df’ﬁ? H?“’b%"% Hot

. operating rod 30 fromthe e‘j ection position to the hone position. The
flange 96hewn)}hypuilingithedandle 48 dutwardsaway fromishe freme 12WThi¢ pylling af thechafdie
The 15 front stop 92 prevents the operating rod frombeing pulled too far

out of tke; fiy edikes the 8lahAFadIEB r%eia%végoﬁ6ﬁ,ia9&%9@%ﬁg§gémén& .»m@tﬂggrﬁvwe

fl ange 90 en the operating rod 30 returns to t position omthe

ej ecting 51 This. prevents the ejection [ever 37 and_the return
spring 35&?; ?%Er% %Q‘{ﬁ;ﬁwn cﬁgfe%&’&ﬁj"tvﬁeaqﬁipéﬁ&?‘H"‘l@“’r‘c%cc%“ ﬂ)%’lc\r/\ééFP Piet ingyasdly
osition and the clanping position. That is, the stop 94 isolates the

per at i ngraudd tchingef?.ithwandehe pld drjve] sgagaurfee behivk eaustitheteportionp bairipeon and
the clanping position. After the flange 90 hits the stop 54, the operating

d 30 ' t : iti
[0 tho OF Bmmi mg. paas i on VBRSNS SIS Bl s Bndt A SO BBaE e 17

" a second odj t cl anpi ng, mrechani sm enbodi nent,,, the operating rod 30 may
al so be g?'ﬁ?f"lg‘éamagﬁﬁ’%‘%mﬁﬁﬁmfwg QRSP 8 PosiHen Whereths slamp pad 36sis
enbodi ment, the sections having a greater diameter may force the clanp pad
36 to noWea withdeamar'pasiticn. (That isethe operatiagadod 3,ovitoitt Hndar vam!32; metohraticallyi sk
drive. The portions of the operating rod having a snaller 5 dianeter may

al | ow t heetGing WaPfierifediafe padYTon @HoME?YHeterMihed by L ﬁﬁ&ﬁﬁuﬁmxéﬁ@fog dithe/ -

The greater dianeter sections in these enbodi nents are positioned along the

engt h of the aperati .30 such that the cla d.36.is forced to
ldengage tﬁ"é“‘a‘r%l’vﬁg \%ﬁ'ehﬂ? ﬁ[f Yrfan ngy besrempved and bqll’ng‘??g%“il ‘the pext driviese b
‘position. The snall er dianeter sections are positioned along the | ength of
t he oper testedda i‘new 8dvsliobt shomtn).t The néwdoive abowld be fserted s eest bedl 26withdi sk
10 drive when the handle 40 is in the "home" and "ejection" positions. The

return spkfiednSfbredet MhSiPernlagtSRE chindciit b%?‘fﬁ,rtﬁuﬁg]p&g& A r?nBP%tﬂlfﬁtstH@}lgwt he

handl e 40 froman "ejection “position to a onme™ positi

desirabl g,. however), that the return.spring 34 be configured so that it does
not di seﬁgﬁbé\é\ﬁﬁ@%ﬁ%tﬁg& Wﬁ?%’%“!&l@o%?ﬂlé@ cppnestardap oo fherbendle 4015 s
may be acconplished by designing the spring's "neutral" position 15 to

cor r espotnipyshedgowaricthe framied|2ani sxgjampirg fidsition, Whichaades eheldlampaladsstthat
the chosen spring constant be | ow enough) or that the spring 34 be

15count er - bda3p afdltdIbcR tHRGHeV EH Whih thdietEd $10Wn) , SO as to prevent the
return spring 34 fromactuating the operating rod 30 into those positions

where the greater di ter sectigns engage.the clanp pad 36. Ot her springs
34 and nechani ﬁﬁ’ﬁg{ﬁ%@mﬁ 85&’88@’%’[‘5 ‘g@gm ﬁg’?'{fﬁlétyr?ﬁﬁtﬂsé memberp24t he
"W t hdrawn" position to 20 the "hone" position and that do not di sengage
t he cl anfhesg cnass memabers 241ant desiggeditoemaxieniad the carrier’s stiffness, yet allow for
excellent omni-directional air flow. In some embodiments of the present invention, the cross
members 24 may be a combination of beams having “U” shaped cross sections, “T” shaped
20 cross sections, and/or rectangular cross sections. These embodiments are desirable because

the cross members 24 define four air flow apertures 54. These apertures 54 allow

temperature and humidity controlled air to flow around the bottom and side surfaces of the



“within the scope of this invention. 1 g FEB 2004 WD 011 09627 -]18 FER. 2
PCTNSOO MO8B0®E advant age of these two carrier 10 enbodi mhgobﬁ?otgﬁgt Phe
| oadi ng) cl anping, and ejection nmechani sns are all operated by one rod
using a sinple push/pull notion. This gbhnple push/pull operation of the
cl anpi ng mechani sm 14 may mnimze the risk of repetitive notion
condi t i ONgrivSatfthota Y. re n,conpared to the rotational
sweep 5 cl anpi ng %cha%ﬁ%amgﬁlﬁﬁ?"ﬂ’ cgjr];‘E t oﬁ&?ﬁgpﬁm?éﬁm%éwg/@. Fig. 2B
shows a third cam mechani sm enbodi ment 14a that is partially actuated using
r ot at i onaPaHeHIARY fesifablabeeaysersbeyeani pravide greater stiffness thanraxectangular cross
| oadi ng/ unl oadi ng devi ces. The machi ned portions 60a of rod 30 in these
enbodi nendeztias bf Sitnikr Wity TRRMI0WA e mat iF8Gufer kd Gl ANk b Se gl hE
machi ned area 60a wil | hgg/e a lar gettic;i?anet er gerr(lgd,g%aésg ST % Yb”bi"é%f&r
arc. Rotagl 40 by, about ninety degrees in either the clockw se
or count Zttrhg{}%g t&?gﬁﬁ@?#c&qq% dRiees the phxsic K\@rkla?wvalvam ateshehamber
&/Internatel y engage and di sengage the interior surface of the hole 62)

i ch, i rPReGIUEN, and incregsesithe side ofithetaphrtties 54 Somk emboriehent MmEY 380 indhake
skilled in the art wll recognize that enbodi nents using this rotational
cam mechastiessTimcte diEgonaEdb@GRehbérs P4hor3B6L] e gHod, fi.nger 80a.
This finger 80a, 15 1like the ?I at segt?on gb?&gﬁ%u ’E%‘%§£|°z‘§a°?‘6'°f?t into
t he sl ot s%g and shoul d have a hol e 69 capable of receiving the pin 68. Fig.
3is ani’s Wgﬁ’i c view of a carrier enbodinent 300 adapted to receive and
test both 2.5" and 3.5" hard disk drives. This carrier enbodi ment 300
i ncl udes a secWri@me embodimentsstbe trosh apebelsd RAP aksb définesfouengypatts vr Rasal | el
with, but vertically offset ("recessed") 20 from the right side bar 18 and
the |eft 56 dFhed@upifbrs 5o%rd BdsfrabRYeahf '%%Rﬂé b Qi 04k Fent has
a generally verti c%% side surface ggél °§ﬁ ressdréﬂécflgg%gagrg%e%ﬁm&}m

ttached to. the. generally vertical side surface 304, a top surface 308) a

1§ ear | oot Bacegf s dEve, wifich helps Enreduge epmat gpadionss mnshiosaense heapgasferg309,

and a generally horizontal or slightly inclined bottom surface 310. The

carri er 30®sesuppocts Hdrshewld belsnffirientiysabag so Rald iwe/dontbinell weighest the HEle arnd
that generally extends between the internediate bar 302 and the right side

bar 20. Tthecanet g0l aPiidg ﬁé’feiﬁﬁfél)?\l%r i mﬁng-io%a-]v 0 L@Eg&%%g&a‘g%lﬂ?éﬁhght

side bar 20 cooperate to define a“second rectangul ar

carrier enbodi t gﬁ)o in.Fig. 3 may use either the linear |atch system or
the rot alﬁpr%fts(r,Br%]gﬁ sé’rﬁ’@@@ G §5eRe Gf this in¥entiodnce to Figs. 2A-2B. In
operation, when the carrier 300 is used with 3.5" drives) it operates
simlar to thelhe frame 12 may be made from any material with relatively good stiffness. One

15 suitable material is cold rolled steel. This material is desirable because it is relatively
inexpensive, is easy to machine, and does not outgas. However, other materials are within
the scope of the present invention. These include, without being limited to, grey cast iron, hot
rolled steel, aluminum, polyethylene, polyvinyl chloride. Dissipative plastics may also be
desirable because they are lightweight, relatively inexpensive, and help to further isolate the

20 device under test from vibrations.

The handle 40 in this embodiment of the present invention has a generally vertical

orientation and is designed so that it does not interfere with access to the front of the hard



carrier enbodinent 10 described with reference to Figs. 1-2 and 4+ &.rpBbooms
speci fi cadyogebe 3.5" drive sits in the first rectangul arpdEgsooeek26 in a
generally horizontal position and is held 10 in place by the left side bar
18 and the right side bar 20. Because_ :he top surface 308 of the
internedi ate bar 302 is coplanar with Or below the horizontal surface 314

of the |eft, si.de r 18, the internedi ate har 302 does not affect the

i nserti orf;‘SlE agf'?-ng?‘S&P“?‘&ﬁB\Fa}bOS*m%{“ﬁ @osnr@qp ause iballoyys {0g sasigreconpeationed
into the second rectangul ar test bed 312) between the internedi ate side bar
302, the andgrrangenhentuficables. Thid hahdie 46@mbodinminois atsordesicsbl 8B aubieit prsedesS
the internedi ate side bar 302 is recessed below the |eft side bar 18, the

8
2.5" driv, ' [t el ; : t
angl et o FTesiuhellebee Ghehte 1R IREERGLIEY abEheenfch direfion B ULV,
aligned with the notch _310. Actuating the, clanpi ng nmechani sm causes the
cl anp padeter kandls 4 eonfigyratigns. ogiepi3tIans: BN POSHions afewithia theseppapfithiv engage
the side of the drive) which clanps the drive in the inclined position. 20
Jhe car riavestidro dThi® spegificallf-irgbuded - Witlodut deinglimited t; afandie A0Qpesiall P adaptdd
These advant ages include excellent vibration reduction) mnimal airflow
restricti i ation (i.e.) clanp, probe and latch). Sone
carrier ﬁ%&?’%ﬁ?‘*ﬁ?ﬁ@%‘?ﬂﬁf@ﬂﬁéw ow for both 1 9 FEB 200 WO 01l 09627
PCT/ US00~11083_- 20aut omat ed and manual |oading; (ii) can switch rapidly
bet ween di f f er §A¢ c@MpRad3}6AB shis gmbodimeny h%;samcgwazt targeplpmpingrarfaee Ao,
different 1/O standards. Il. Mdular Pallets 5 Another aspect of the
present i whizhthelps to sedude thegridritiabof tedHadicabmbli®icdt thediveortdtive o e frarnelt 8.
the limtations associated with the "classic" nmethods of constructing

environrrBP% ' L RRE Ak .qthat is
both fl exi élagﬂ?ﬁ%@;d? @g%aéggl%ﬁ&q%gﬁoﬁghgﬁ&g a n@g?fﬁ gﬁp@gﬁqmgﬁa‘p‘gl let”
enbodi ment 100. These pallets 100 are 10 adapted to fit into a front franme
1011 a andmay hayg a siripd of this gaterial anached to the slamping sugfase 46.nOae switablecei vi ng
sl ots 106a and exterior receiving slots 106b (see Figs. 8, 9) and 10). Each
pal | et 10¢ibfaitiardanffingialerialis didndifichireéd BY A8 E.AIR Spedidiy CofipRei@Iwite apaRase
pl ate 105 by one or rrg?rﬂe bolts 107. Thewtl)ri ck 104C8ipn th?,s enbodi nment P

defi nes i , fester ce (C). The
est " spacuiriior 1308786 A Phelemnafifel SR derpiie BocafiBE yBRAR, (he
device under test, such as the holding fixture 10 or 300) and to allow
connect i odamping maerial gedugesigstaiodse: thyn impioyNgdbetestossulisa e glamping pads
(Fig. 7). The tester space (C) is likew se designed to all ow easy nounting
of , and cI@ffRdkifm b@er inbLrikle ahalor dithviitge oA AnDinkQ%ip I are/RithingR&ce
(B) is designed to minimze the quantity of netal and ot her conductive

terials) th Lhimzing thermal transfer between A & C, comm serate with
lgrrrgi nt ai ni %cé)pﬁ%%gﬁ%)’rngﬁ?‘f%ﬂ'e rigidity and mechanical integrity of the entire
pallet. In operation) when nultiple | oaded pallets 100 are inserted into
sl ots 106, theTépglamping mn@amsm:E%in mesemabodimenthmay inclides notatable goingimoh st
the walls of the test chanmber. Thus, as

shown), such as an eye bearing, that allows the clamp pad 36 to engage a drive of the drive’s

orientation (i.e., allows the clamp pad 36 to provide clamping force in a 180 degree range).
These embodiments are desirable because they automatically allow the carrier 10 to hold
20 non-rectangular devices under test.
The drive ejection bumper 38 is designed and located to provide a compliant, yet

firm, contact with a wide variety of drives so that it can facilitate their removal from the carrier



1 9 FEB 200 WO 01109627 PCTNS001~1083 _21 shown in Fig. 19, the pyighe 2@4
in the diWDM@M27pallets cooperate to forma conplete insulgiif {”{Jl er
("wall") between the devices under test and the test driver conponents.
That is) each brick 104 in an interior ,glot 106a will seal against the
bricks 104 on the pallet 100 i medi atel'y above it, belowit, to its left)
and to itspricght.. (] its."neighbori ricks"). 5 Each brick 104 in an
exterior leobtd'%)sggh%gﬁaté@}s aasé’é'%n it rf'ﬁg"é}' gempliant,elastemerismaseniall suchss
chanber and three nei ghbor bricks 104. Users will continue to fill the

sl ot s 106 rubher| Howevesnothersmatatibisiand desiphse buch dsma foaied pBREALBRMpEr of Aaital |
may be conpletely forned using the pallets 100 depicted in Fig. 6. In other
enbodi Nenfffled biMpelate WA ik Y d using these pallets 10 100
and conpl et ed bypt&ﬁe usern??eﬁgp% ngrh'yplglt'%[@' 120 simlar to those shown in
Figs 6-9) but without th% diaé;j ce under test or the electronic testing
package 103 (sd&dcfPyLectasbanlo,msoms embadiments mayesonigin 2 singleporver aphiralitg of
nmanuf acturer to test fewer devices at a tine than woul d be necessary to

éonpl et e PhEs 34|52 andifdtthitsye ddsigned o engaga bbeéspording EBNnEHBSIdri($HIBAEd on
"standard" pallets) thereby allowing the user to test an arbitrary nunber

of devi ceghd diven h fi kb t 20 may be particularly
desi r abl eﬁ%doéh\ﬁsgh?ﬁé% Sgktgfé’%inér%%dr%‘{lgé Rg‘gg t?)éls"f é‘?Y"h%’?c}/F%‘ﬁg g‘?@“’f"ﬁe devi ces
under test ff rom envi ré)g_rrg‘%al .noi se. The insulating/air plenumbrick |04
enbodi meni™PiN3HoR to gnd omyhe drive.  nj ck, 3" high and 6" |ong, fabricated
froma suitable Iightweight insulating material, such as expanded

pol ystyr ene f offe garmectak bar I ipsomit enfbodimertto et @19 afiaaeg'ss iegbiglize for
this application 20 because it is lightweight, relatively durable,

i nexpensi ¥¢ suitdApYEMEdns, igpgbq,ie [ rials are.within the scqpe of
t he presen?miunventi orﬁ.% ggsg Inc %égﬁﬁﬁgﬁc@? APPTHENP @a%',mmfofa”g
ol yethyl ene foam rethane foam ethylene vinyl acetate ("EVA') foam
lgs best 0s) g?r:]BWP"ECT ié &L%%ééorfmeo mm@’/cqnmmgsbm 16088 desipablmbecausecthe
woods, organi c bonded gl ass fiber, foam rubber, sponge rubber, and netallic

foi | | am eatieslO fagbt gnickiydenfigicted eperiags hﬁv@fg"ﬁeﬁld ROdEI8 thdiiuse ﬁgbg 'tlfi;'EE't )

have a pair of strips of sealing material) su as a nylon ™ hooE oop

mat eri al L ¢ " rj r 5 their outer edges,. These
strips arc gedsa?%{gﬁ%e&gggéggg '?'ﬁ‘éyé"?%‘ﬁ#?‘%&r UHs ‘Eﬂ“f?aﬁﬁy BH“M’HFE"t-bet ween
t he testing S&%C%MSA) and the tester space (C). The bottomof the brick 104
may have RILFIANEEAYS Comneetarbass 6 tathe Srames] 21 Wwherexbr theatsexindeds ro @stdriggsi ant
sealing material capable of sealing between the flat cables 102, such as an

et hyl ene javingyd pardculacinerfabe) ODespite tHE RN ant S0 RGWe ver AR A% A] "
McMaster Carr of Chicago) Illinois. At hmﬁ% 10 tI:EPDI\/I i scdtes%’%:glglkgh%t(#q he

ottoms L eslstant to chem_.cals, can wthstand
lﬁi gh terrpegér"a{%ﬁ%é? gor gg{)ghnecfgadx %?ﬁ‘%@# ‘5%@"9&%‘?% of thig invenypn ong peri ods

of

The right side bar 18 and the left side bar 20 in this embodiment include a pressure
strip 44 of metal-covered vibration damping material. One suitable pressure strip 44 is
manufactured by Aero E.AR. Specialty Composites with a part number of SB-40-ALPSA.
This pressure strip 44 is desirable because it provides good wear resistance and reduces

20 vibrations. However, carriers 10 without this pressure strip 44 or with a pressure strip 44

made from other materials capable of damping vibration and resisting wear are within the

scope of this invention.



time; other seali ng materials are within the scope of this inventigopepTig
bricks 1Wopno%e27 s enbodi nent have a groove 110 (sec Figs. pérusdofiodsl C
and 19) of about 1" wi de by 318" deep cut into their side surfaces. The
grooves 110 on each 15 brick cooperatgqswi th those on the neighboring bricks
and with the walls of the test chanber to provide a pI enum netvvork for

purge air. Pr | ' enu th a riate such as
warmdry air, eﬁ?%‘%? E{)’%ex&)&g‘fe? "Z%‘gé@‘!"(‘ﬁﬁnffﬁya’%e’rmB%@"Fﬁ "B‘? glampi ’F‘E‘F@PP% to
either the test side A or the electronic control side C. This positive
pressur e I igrdA comprsesne nperaiing fadciA having lasgd digmeterswtion 59 and atghsovedst er
space (C) fromcrossing the 20 wall space (B)) which in turn) helps both

Si des or GRIEHSH that Qritfind'® fOhA HREEneAP E5h 32N AGRERIARL

tenperature and humaity, 19 FEB 200 WO 01/ 06617 rRElad P er )
advant age of t al.let 100 is that the cor pondi ng envi ronnent al
test ¢ har?ﬁ‘é‘ﬂorbggﬁlstﬁlés‘éﬁlﬁadr&'% thah the; %B?[S’@ﬁé?@ép ﬁ%bqqéﬁzy theoughsa hole 62 4n they
devi ces. The nodul ar pall et enbodi nent is al so desirabl e because the

Zor r esporaiamping pad BGnkign2Alalsosbows hn atioatingspringsi4 atidf4 ngnpinddobi nat i ons of
devices at the same tinme. That is, some of the pallets 5 pl aced in the
chanber duri ngngpafibh, ik groot&Pdectdn 60 Whli igHRY Wi the iy | ce
under test and o herls naygfcl?gnt ain a secon type (r)\%, Hgl\ﬁ%ge lfjer?ll P&agﬁé{The
exact perc the fi e and the nd t pe may even be changed
bet ween JPEBQI‘ Wta’{”l]?ﬁé“scfﬁf ﬁﬁ%ﬁu?%‘ﬂ%sﬁg‘g‘ﬁlpg '§“n‘ﬁ9’°f‘f’ Ffficient sRasst ur e
particul arly useful because they can use the sane test chanber with their
entire prietvesntbeoperdtinig rod 38and therhmde 62 kuchethtt Gk actoetind-spging 63-chil pivpithd an
environmental test chanber enbodi nent 150. This test chanber enbodi nent 150

conpri se A=Y 1 NN ehieh en a
base pl atsc éﬁi 1592%%%{1 3‘%@’3‘ lﬁn%rﬂ[}%g ?zlﬂrtéseﬂ%% a ég'dﬂ] ?qélh%égﬁﬁ he %
lurality, 15 of  pall.et ortln slots 1 whi ch are arran dlnagrld
1é)'hl s t estheRCtH#IE SpEpS §5'P ‘Pﬁ?ﬂ‘g S@laﬁg‘"itt%ga"ﬂﬂﬂ"? nithe greeved
support the front frane 111 a and the rear frame 111 b. The environnent al

t est charseetionafiGsis laterally diégned with the holeet2 Slading tHe2perating\tod 30 buhefitt er s 154
(such as that shown Fig. 14) capable of deliveri ng air at a desired flow

rate) tenpenalipg Eo e 151&%1%%@% Vﬁ@ widk Qﬁ{c?ctr 89 on%&c?ﬁh? }gfgér#téﬁ%]ﬁﬁrgo Wit

pall ets 100 1'nt©o t e slots Ich t en co perate est’lng

chanber i re portion e chanber 150. The user will then close
the main ‘Q%E& é%&ﬁ*ﬂﬁ@l"%&%ﬁ e Apmatergeation3? ef the |opergting rost 3Q engages ¢

driver conmponents in the WO 01/ 096Z7 -24
the interior surface of hole 62 and prevents the actuating spring 64 from biasing the clamping

15 pad 36 against the drive. That is, the operating rod 30 prevents the clamping pad 36 from
engaging the drive whenever the grooved section 60 is not aligned with the hole 62.
The operating rod 30 in this embodiment also comprises a flat section 80 that is
adapted to slide freely through a slot 82 in the ejection lever 37. A pin 68 fits into a
corresponding hole 69 in the flat section 80. Pulling the operating rod 36 from the clamping
20 position to a partially inserted or “home” position causes the flat section 80 to laterally slide
through the slot 82. This, in turn, causes the pin 68 to engage a back face 74 of the ejection

lever 37. Continuing to pull the operating rod 30 from the home position to a substantially



acti vat e wanel/ea6e? handl ers 1S4. The air handl ers 154 deli Ve SGRD

flows to the test chanber and the tester chanber, which allows Tn ndent
control of the tenperature and hum dit¥6_i n both chanmbers. Fig. 18 depicts
an alternate environnmental test chanber -enbodi nent 202. As will be 5

di scussedwi'ug re _det a'gl Jel o;\(? this best chanber enbodi ment 202 has a dual
pl enum ai ¥ qjg%f‘frsﬁ'ﬂ: AT 2B ayses e Bin 68 tosxeqt afaree 2g2inst thebackfacovi®d 250
is positioned for servicing and changing fixtures and/or cables. The

remai ni ngofdheejections9end? Phisifoicopivbts thejdcash idver 37 ardBRd Beitiil 4278Si t i on.
In addition to the advantages descri bed above, this test chanber enbodi nent

202 is degbdiai Ty | LS5 200 )y - |_pl.enum system for 1
Suppl yi ng P SEREARHTES pibRth EfEC2a, pnith. o Mg RS s oD Lot o
gradient or.at .a fixed.t erature; (ij) the ability to test in small
bat ches, 3SRt 'c!i‘&é{r@’ &s ﬂ—r'?@?g&é fEma theejactiop bumper 3% pushies the dmivglout of engagement

uniformty/stability of the target conditions and fast tenperature ranp

PCTNS-O- 0832e front portion of the chanber 150. Finally) the us§/r§ | I%Bﬂ#
15
e

¥ ates duewitothetconnsmonbard 6s rEtius, pulliiig ﬂh&iﬁbﬁﬁnﬁ S6dI3® frof (4 cRiIpi Sg P¥itng

10,1615 25

continuous feedback; (iv) the ability to run hot and cold tests can be run

sinmultan VY 2 Hihe I 250 i n,15 enbqdi nents where each
dr awer) gﬁb‘ﬁjgbs,‘?br{‘o? @s(rﬁlt?%lé/]\er] S, Es| @L g“(’]‘?p\{)\@{ dz'%‘g‘l"g%p%’hvcfeﬂ‘fﬂy %nﬁlcr‘i?F’P%"ﬂmnl?%lﬁg
pl enum system (v) a substantial reduction of internal tenperature
gradients provided by the small volune/tight control operating phil osophy;
and (vi) a .highly conpact, stackable design that can be pl aced

back-t o- back iMbhingrth¢ bperating todc30BIAtheRdme BOsiflon Bk kjeBib Poslifott dlﬁ Fig.

12 is an isonetric view of a drawer 250 that is suitable for use w t he

envi ron t | [ e di ment 250, conpri ses_ four
pal 1 e o 15 s oo BORRIRE o{ion bhtS o R P om st Heune
descri beg vvi#{_g reference to Figs. 6-7) that are permanently nmounted on a
2. ¥ hen,the|aperatarygleases thebangie49, thswtum spdes 34 produces aforde thagai nst
adj acent drawers) 250 and/or the interior of the test chanber 202) thereby
cr eat i ng pivassitistejattionitver 3ak@hditRS hings 42 W5 BamerciRRdise 'ﬁf\f&@”@f P 254
utlet orifrices

has two inlet orifices 224 in one side wall 256) two 5 0 226

inthe o J Si . nd.its,.om tenperature humdity/air flow
sensor z%g_ﬁaﬁggbgﬂgf%%’“?gf% 19 yr bigses ey Wregﬁgﬁ’f?%mﬁ’&dﬁ‘"&ﬁives in
each drawer, 250) through the front of the drawer 250. Air enters the

resul ti n§OSHPR tAMsdomopositionn t he inlet orifices 224, circul ates around the
four drives, and exits through the outlet orifices 226. 10 These

enbodi ment s afhedixige 90iedf@rd I8 SRR SURTIBEREEerddd sge;gats%sz dd4SeRgrate

m ni environnental test chanber) which decreases the t atch 'si ze.

15 ubst ant £ 0P waEne s e speafihd ko e R pLugd Her okt of hframe oee ecspso

20

in the test chanber 202 and substantially independent of the environnental
condi t i ofOPi9 1§ Rasitiprrd safhatis eagageothefhinge 90 s theaperatingfrod BO ketiirmis @o tHeser t
one home position from the ejecting position. This pfevents the ejection lever 37 and the return
spring 34 from exerting force on the operating rod 30 between the home position and the
clamping position. That is, the stop 94 isolates the operating rod 30 from the return spring 34
between the home position and the clamping position. After the flange 90 hits the stop %4,
the operating rod 30 may continue to be pushed through the slot 82 from the home position

to the clamping position.



up to thevdesnset testing conditions, and to conduct the dg - all

~without having to conpletely fill the entire chamber 202 vvlth |ve or
filler pallets. Thus, the manuf acturerl/.;:an performa test on sone drives
whi l e sinultaneously |oading other driVés into another drawer 250. This

15 drawer 250 into the test chanber 202, bring that drawer's subcé rﬁg@rm’q54

feature is desj abI e‘g e it can, decrease the average anount of tine
necessary to ¢ iFfP“ 6"’3?.‘3“1':85&‘1?"3% rB%“S’&B‘éE’ §mbadiment cthie operatipg sod 3dmapust
be heated or cooled to preformeach test, as only the specific occupied
draver s als bmcontamned dlong its hengtlesi foert thekiteat bain3An IR tHis embddifheftthe’fckibn/\O
01/ 09627 PCTNS00~1083 -261n sone enbodi nents, the inlet orifices 224 admt

bl ended he. o |f| S,22

ol ow ai v ERtedet WGicker 4 Bk SHEERD AAB AR U OB LA BRERE, oo
wi th each drawer 250 provide a control conputer 212 (Fig. 13) vvrth

cont i nuoUBteankast Xith e hardidisk drve. Jhe nortioms|afithe epemtingfrod hainga smabiet t he
subchanmber 254. 5 The control conputer 212) in turn) adjusts the air

Handl i ng digmeemmiay alioeche tiamptpat 36 to Mdver Gutward N vhsdhoichids thd Rarll el
tenperatures. In these enbodi ments, the orifices) pI enums) control system

and dra ] &k i Iurre al.r. fl ow,
and conti nuo%gﬁ 4913%&“1?%@&['%?%%0%% ?@Hgﬁ@#é Eh@t]?'%ﬁ Sf theur e
uniformty and stabhility despite the changr n operatr ng conditions in
chanmber 2pgrating rpg Qtsneh thatthe glammpas) 36 is dorsed trengagelthe drime bbew thechandle
individually control the environnmental conditions in each subchanber 2S4 or

in small @i@wmwfpusnmhaabwangﬁg" padiese EROGHAINR Biathefl ¥edifond &fd ﬁ&lﬁlicﬁwd
because hot and cold tests can be run sinultaneously in any nunber of

dr awners I: S wil urth

uni f or ni 5339“ l%@gﬁp?@ g?rabﬁghdaébjgg‘{mﬁ@%? %E?WP@@‘E 3&53’}3“?%%&% Efi@kand
Air Flow Rate Contr ol .13 is an isometric view of a dual plenumair
1&ystem em&rmmE%ﬂ@agf’aﬂPéW&O%M‘Pmtlﬁ@'msiﬁom@nrrent al test chamber
202. This air plenum system 200 conprises a cold air supply duct ("cold air
pl enunt’) 204 &Tise rendmatsping 34 naplalsodeaised inhe sédond BnBBdifieht 0Bt 20 of
whi ch are pneurrati cally connected to a fan or blower 208 by a flow divider.
The hot gj Gig ' & nt._2 air, at any
reasonably gefrne tQag’rrpEgﬁ? &%g@&r}gathgm egf’rlgﬂnta@ést&éﬁﬁﬁfr&%“%éé{ dhat

The cold air plenum 204 has a 1 9 FEB 2004 WO 01/ 09627 PGTNSOOI 21083

- 2?cool i fgtuah spring 34 beicenfigursdrsoshas it goasinot disengage the atammpdd/3Girdmthad drive.
tenperature bel ow the desired test chanber tenperature. The hot and col d

ai r - pl enuAsoRR4nudirAEiits, 1hil Phay 1R dEbathplisheh B RLigrinS heWBHAE s%&ﬁﬁmagdsxhhﬁ nds

the hot and cold air streans into a uniformair stream at the

19 enperat yg %oﬂ'@ﬂ:oﬁ\ﬁ% met l}/ahdl-gty ¢ clar;rl'lﬁ(llnggpgshu 25t 1s2 SO tlesxrablft(:j at h’lc chosen spring

constant be low enough, or that the spring 34 be counter-balanced by a second spring (not

shown), so as to prevent the return spring 34 from actuating the operating rod 30 into those

positions where the greater diameter sections engage the clamp pad 36. Other springs 34

and mechanisms that are capable of actuating the handle 40 from the “withdrawn” position to
20 the “home” position and that do not disengage the clamping mechanism 14 during use are also

within the scope of this invention.



5 conputer controlled danpers 219 and a vari abl e speed fan or bl om@FEB22004
and is pn™MAE%H) |y connected to the environnental test chpebgisoabdsPy the
inlet orifices 224 associated with each drawer 250 (Fig. 12). The outl et
orifices 226) in turn) allowair to pagg.fromthe testing subchanber 254
into a return plenum 225. The air plenum system 200 in sonme enbodi ments may

al so incl ude a(?gg[g,i | Jo bt I . trolled baffles 10 or
danpers 228) and a cgﬁn%g%gﬁé%n@ﬁ%eggpgn@%%éﬁfss %}(}hf b?ﬂ%‘%siaﬁm"zﬂ-z is
operably connected to a.tenperature) humdity) and air flow rate sensor 210
| ocat ed i R8¢ gisctipR merhanisms#R all operated byinagised usiag 2 simple pushipul encsiodl Thisd
228, to the variable speed fan 220, and to the humdifier 227, and to the

heating 2Q@fnplagustophll operdtish &f tﬁﬂBl@.h%ing' medhafisat | Piay MiRinki2R ﬂ?@ﬁs]@&f?ﬁﬁ%ﬁi\fc

fromthe return plenum 225 and/or the anbient air 15 outside the c er

254) and b lyeed ik plenum 204 and the hot air pl enum 206.
The air e%‘?‘%‘f"ﬁ%&hgﬁ@%’%“é’@?ﬁ%ﬂ‘éﬁ%‘ﬁtﬁma&s%@ SRRargd 1o the gotational swagm
214, where it can be cooled to a tenperature below the desired test chanber
Penper at uclampirgmechanismsfound in ¢aaventional industecdegignze t hat this can cause
water to condense out of the air stream which decreases the air streanis

humidity rati ori%hm sHowss thiRd BAr8 MRhhmSm e obRberilh maﬁ%@ag@% %@L@Lhﬁg' y

passes over the heating el enent 209 and is heated above tes

G0 s R Hision. bR Al p anlr 3 he M TRIRBTBMEADO). ( ho

two air streans are conbined and bl ended together in the m xing chanmber
218. The rHhgimaghingd poetions §02 afited 30vin thaserpmbedimentst acobs & totaryrcang rpthesthad @)
one for the cold air plenum 204 and one for the hot air plenum 206) that

are oper alfnyarGam) e i, iHe rhilhineAada0asViRlHave Zi&ée §iam§r%99h'ic9£ stifit e 212
nsor a

can use a signal fromthe tenperature/humdity s to actuate the
anpers 219. This, in turp, .adjus t he respective flow rates of the hot

1gnd cold éfarm% Ty %trTE‘mAEI’H%B’ErM'@HAb}y ait‘]’Q“%'Pﬁ‘?tV gFg‘FBS ipisethar thecdogkaiseor on a
kit chen si nk, onlz wi-th the fluid being air rather than water. In sone

enbodi meneeunterilockwirerditectignswilheapsotha llarge dianteteylasc tohsteapmelgtengigeaindt he
hum di fier 227 (not shown), which allows it to selectively increase the 10

hum dity @isehgie thecintididr sirfact of 8RMold 62 @lﬁéh,glr? ig}rﬂ,r @Mﬁg%fanfdrm%ﬁ gwrglﬁ'nﬁgg

chanber 218 and pushes it through the inlet I ces Into

envi r onment test, .chanber.25.4.. After the air has cifcul ated around the
devi ces u@@%?s ﬁ%omkglﬁe 1f the; a1t will prepgize %ehcmh?‘{jwnt&wms igfational
orifices 224. A danper 228 in the return plenum 225 can then either direct
the air stamaneachanikmiidamayireplacerthe fidt section 80 Svithta toand finge 802 €Thi®finger 80a,
combi nati on thereof) depending on which choice is the nore energy efficient
1501 the dageé fed1d: 88dtioh BOUiHou R Se sized to fit into the slot 82 and should have a hole 69

capable of receiving the pin 68.

Fig. 3 is an isometric view of a carrier embodiment 300 adapted to receive and test
both 2.5" and 3.5" hard disk drives. This carrier embodiment 300 includes a second,
intermediate L-shaped bar 302 that is generally parallel with, but vertically offset (“recessed”)

20 from, the right side bar 18 and the left side bar 20. The intermediate side bar 302 in this
embodiment has a generally vertical side surface 304, a pressure strip 306 adhesively

attached to the generally vertical side surface 304, a top surface 308, a rear locator surface



The heating el enent 209 may be any devi ce capabl e of heating the 1ag' rFEEtI‘O@f"m
fl owi ng woewngs2nt he hot air plenum 206. Suitabl e devices ipetude21gks hout
being limted to, an electrical heating clenent or a heat exchanger
connected to supply of hot water or s_t1§am 20 The cooling el enent 214 may

simlarly be any device capable of cooling the air streamflow ng through

the col d. apr enum 7£04. .Sui t.abl vi ces J.ncl ude, .w thaut. being Limted
Lo) & hedDouSRRpErY Siorzeaprfettiling ifer Siitath fintals 310 dnegamtasofalsg
vapor - conpr essi on cycl e 1 9 FEB 200 WD 01/ 09627 PCT/ USOQ 21083 - 29

ref ri ger apmpmisesthree crorsbare 2% baving ar Angled notch 320 that |genersByextendsHebwaanythbe
any device, or conbination of devices) capable of sensing the tenperature)

hum di ty jn@Rfedhe bht 09 dddthdAghtifde 158 20C h?:g*iﬁn%l_ce 'Boﬁth@?Faéee I\S/ }ng gl'é%)ﬂgl%cﬁ S or

danpers 219 and 228 can be any device) or conbinhation o at
can control change, the . flow rate of air_through a duct. Conputer

cont ol | agabory B BE Fighi S b 0l Rerale s§ dafine B Sreime GreapTepiardas Pad ez
because they will allow a user to quickly and easily change the conditions

3 nsi de t [hetoagiercimbobenent 300 inHGgey may usaeithelr ithe lindan ddtetdsydem oethe 2d@rand 228
are also within the scope of the present invention. The air delivery system

in Fig. f}gtcj,§yg§iﬁidggcgi@cggquffggﬁg%{&yﬁng@ggggi ng a cluster of 10 drawers

250 (Fig. 12) ese vertica nts are desirable because the air

delivery system 200 .can be easi "éﬁ)ﬂ"t O%ES he test chanber 254 such
that the chartfBOPERHOMYRepLhs carren I if Yseq wi 'rﬁtgldg'&"c?'df eRfrateedimilar to the
However) the air delivery system 200 could be |ocated at any other angle

rel ati ve caoieriembddament 40 2E@ribediwitb néfdreneeth Fige. 132 and 4-323oee specificalip|thé y of
drawers 250. 1 S The control system 212 can be any device or conbination of

devi ces TR i 't%, b | {ASH) s r at
or near ?Ege)eﬁ‘?gsg% "gg‘r? |rt§tir(g)$13. ?%chsggngw%%lgggﬁfg?! ,ﬁ?i%‘ﬁé%ﬁtggrlgﬁﬁgﬂ?ﬁ I%B i's
n m croprogessor. i npl epent active feedpack control systemthat uses the
16§ gnal frB %ﬁiymngﬁ&%ab??wﬁ%epﬂlbﬂﬁhgm geause; the gop surtage 3R f the
vari abl e speed fan 220, and the humdifier 227. O her suitable controllers
i ncl ude, istmediatebat 30DisIcopliahardvitioor tetova tied legizontall sgificel 3 1t disleR sidebage
runni ng an appropriate control al ogorithm Many vari ati ons of .t he enbodi nent

in Fig. b L I at i t] r : t he
cool g aeaizipitipiifle tAEIGERRE bl astcoP RGN, WLUHE d¥emob o BE T B 00
wo ol mBsz~ -30 PCINSOO 21083 204 in this enbodinment will then supply either
anbi ent \ r oor-? edfpies rcingerigd intg the secondrectangulan tast bedyd 12, betwere the xi ng
chanber 218) depending on which is nore energy efficient for

intermediate side bar 302, the right side bar 20, and the rear locator surface 309. Because

15 the intermediate side bar 302 is recessed below the left side bar 18, the 2.5" drive will sit in
the second rectangular test bed 312 at an acute angle to the horizontal. That is, the 2.5" drive
will rest in and be aligned with the notch 310. Actuating the clamping mechanism causes the
clamp pad 36 to pivot around the rotatable joint (not shown) and to engage the side of the
drive, which clamps the drive in the inclined position.

20 The carrier embodiments in Figs. 1-5 offer many advantages over the art. These
advantages include excellent vibration reduction, minimal airflow restriction, and single cam

operation (i.e., clamp, probe and latch). Some carrier embodiments also: (i) allow for both



the desired test conditions. In addition, the present invention q*%y Eg(zziqmde
a flow stweiogls@ner between the m xing chanber and the inl e!t,c_,%'éoi/ﬁ o .
This flow strai ghtener can be any 5 device capabl e of reduclng

elimnating the turbul ence caused by tgs_ fan 220. Suitabl e devices include,
but are not limted to) a bank of tubef~or honeyconmb structure that forns a

plurality_qf |1 .di aneter flow paths, The flow strai ghtener may be
desi r abl ea‘ﬁ8¥”%@s"“8&¥}‘ﬁ4 &ad{n(g, g@(ﬁ?ﬁ SEWitch Fanidlybstwengn slifierbyt drive sizes;intl (fif)ow.
Figs. 15, 16 and 17 schematically depict alternate air delivery system
enbodi menean switchuiapidiy betfveen different (O stagdarad.t i pl e, i ndependently
control | abl e subchanbers 254 described with reference to Figs. 12 and 13.
Specifically, Fig. 15 depicts a dual duct variable-air-volunme ("VAV')
systemin which each subchanber 254 has its own m xi ng chanber 218. Fig. 16
depicts t] aong ﬁ‘igggl e plenum systemw th termnal reheat. In this
enbodi ne u g air is cooled to a tenperature | ow enough to assure
dehum di fication. The sensor 210 in each 15 subchanber 254 is used to
ontrol its asAaoihet espetiedfans prédt kbR id HaWs€of 19yildhe BblSRb&lR, each
subchanber 254 is at the pr opgr tenperature ané ﬁum’ cﬁlty. @P%".E#%’F%?é%?%ts a
singl e pl 4Ky ] Lerm.nal reheat, Term nal reheat systens |ike
t hose shoﬁln it |%§¥ﬁ%§m§1§r’l\%§s%atﬁg9" 'B‘bthﬁe 2PUh | Betjadsefconsisying gpyironspentale a
single dugt. This feature can decrease the systenis initial cost and

conpl exi t'i?’.“ﬂ?&éﬁ angh fe praNjde amgnvirgnanental test bloamnberghatigboth Gletible dmveyeto are
nore energy efficient. This will decrease the systenlis operating costs. One
parti cul sassenbledi ment of the present invention incorporates all three
aspects descri bed above designed and operates in a synergistic manner to
produce excel | gnt 5 FEB 20Q WO 01/09677 -31 PC TI USO0lI 11083 uniformty
of terrperaturel/‘i}i U?ns%‘h' ag}@ufﬁ'rcafrpswaé tt%b?‘gg’f’“‘sﬁo@e Thser pallstsnk0 aneat
éransfer bet ween the test and tester sides due to the excellent thermal
19 nsul at | Aapied §e fisinto g frane framedid 2 andeirear Fraaveelidbhhatidefine @ phicdlitg bEfhedritst ai r
pl enum system and the warmdry air purge pushed into the plenum In this
enbodi memegeivihg shoad 108a ahAQ xteriok adteiviRd Qs 1 ! | th
framework 111 a and 111 b is fabri catﬁéed fr%mégﬁgﬂ$%ﬁlbe’§ggﬁgg%ac&m§&
coated; t J d. s 112, the base plate 114 and header | 16 are
fabricat e ?6 fclr0 g%“é%&aﬁg&gﬁng &% 8}%%%% ’SMI camnEciedbtoshbase plage H0% biconerarde
name GARO ;. TTE by McMaster Carr of Chicago, Illinois; the insulating
bricks 10morgbelts 487.i The brick 10in this drabyddimentdefings LHPENEIGACO A Y & WHlISPRce
produced by Di versi Foam Products of Rockford, M nnesota; the rubber "seals
10 are f qBy,iandtaqestér PardROVTHRILGSph lis ?sﬁ‘% brick 404 Lop and side
closure are fabri catéggbf romthe "l BO%RR%SI%I’I ca(rgtfacrﬁc/’ °d]é 0 {ix‘gﬁdglroop"

abric. A he present inyention has been described in detail with
13; ef er enc@ ng?%g{é tcf VifFe &R ?FptF%tss"tcﬁé‘lsé'b‘f holding fixpunsd O0r 390 canddd iablow icanmection
specific fornms without departing fromthe

to a test driving electronic package 103 via flat cable(s) 102 (Fig. 7). The tester space (C) is

likewise designed to allow easy mounting of, and connection to, the tester driving components
103. The wall space (B) is designed to minimize the quantity of metal and other conductive
materials, thus minimizing thermal transfer between A & C, commiserate with maintaining
20 appropriate rigidity and mechanical integrity of the entire pallet.
In operation, when multiple loaded pallets 100 are inserted into slots 106, the sides of

the bricks 104 seal against each other and against the walls of the test chamber. Thus, as



essential spirit or attributes thereof. For exanple, although pregetg 2004

I nvent i orwbavmgzeneral |y 15 been described wth reference trcTAISDOMTULS EF
hard drive, and in particular for environnmental testing of 3.5 inch and 2.5
inch) disk drives) the principles coul_?hbe extended to controlled

environment testing of other devices. lese include, without being linited

to) conpagt disk..("{D. or " ' lve lgital video disk ()"DVD")
drives, t Mi@é‘s@%%ﬁ%‘%g%ﬁgﬁf%ﬁ%%ﬁ%ﬁ?@%ﬂc)t° ?fﬁbﬁf%‘?ﬁlﬁﬁmr y
chips) integrated circuit wafers, personal conputer 20 devices, consuner
el ect r oni insylating bartiep Etwall"d betmieen pheakeaives indaznest end thenesa g verivemposentsis an
I ncubator) or the like) in biological manufacturing processes and testing.

| n addi tipRat j§ RAcIFBFAEL 204 ANEH Riferiob §10P 306N A EaYadaitst HRBriRKX 104 G thelallet
designed to inprove airflow around the 1 9 FEB 2004 WO 011 09629

PCT/ USO0I 21083 - 32devi.ce under test. erefore) .if is desir t.hat .t he
erbodi nonf® HaeedRsEate it Bl £3h s Jef a0 0, Rnghy & s acielborng bueken ve,
not restrictive, and that reference be nmade to the appended clains for
flet er mi ni Bapht brickskddpe anfextdriorisiovr ¢06b will scal dgainstEERR Q@0dfth8énviyoamental edsai ned
Is: 1. An environnmental test chanber, conprising: 5 Aplurality of pallets;

and a pl ”‘%’ﬁke’w afl tHrEéHEigElE&'Brﬁﬁi 2092 @ﬁgwi]f&&qiamwﬁhgﬁ 451418k 'luhaél tgg .

pal l ets, I nsul ation Bricks having a sealing materi conpri se

strip of hook and | oop,material and the insulation bricks cooperating to
form an i HEGE 'HEJCB%’BH‘%L 10 2. An environmental test chanber,
conprising: a plurality of pallets; and a plurality of insulation bricks
associ ated wi t In sdme embodiments, tie wall iney be corhpletehy fdraed osing thegpadietsd@0ng a
sealing material conprised of a sponge rubber and the insulation bricks

cooper at i fihidd {PER. 8N SRsH MBoAnGRL, theWvall kﬁg}e p%ugrfxﬁﬂéamﬁmg tﬁ,c:jsect\}lﬁzlkts

chanber of "claim 2, wherein the pallets are adapted t0 receive a e

Wocar oa piadefirhaSisah Bl B et Mol TS hule o S e B The

environmental test chanmber of claim2, further conprising a rack adapted to
recei ve twithgitithaltevige ohdgradst ot the eledtrbhicAestiifl package 103 (see figs. 9-10 and 19).
_.A5% Al Yr. AYFL. AF3. A. AaYr. AFYL. AF. A

AN o 0 g s e vl
necessary to complete the wall. That is, the filler pallets 120 may substitute for “standard”
pallets, thereby allowing the user to test an arbitrary number of devices in one batch. These

15 filler pallets 120 may be particularly desirable for use in the exterior slots 106b to further
isolate the devices under test from environmental noise.

The insulating/air plenum brick 104 embodimcnf in Fig. 6 is about 3" thick, 3" high
and 6” long, fabricated from a suitable lightweight insulating material, such as expanded
polystyrene foam (see also Figs. 11A-C). Polystyrene foam is desirable for this application

20 because it is lightweight, relatively durable, and inexpensive. However, other insulating

materials are within the scope of the present invention. These include, without being limited

to, polyethylene foam, urethane foam, ethylene vinyl acetate (“EVA") foam, asbestos, cork
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manufacturing plants may find this feature particularly useful because they can use the same
test chamber with their entire production.
10
HI1. Environmental Test Chamber
Figs. 8-10 depict an environmental test chamber embodiment 150. This test
chamber embodiment 150 comprises a front frame 111a and a rear frame 111b that extend
between a base plate 114 and a header 116. The frames 111a and 111b define the plurality
15 of pallet supporting slots 106, which are arranged in a grid. This test chamber 150 also
comprises insulating studs 112 that further support the front frame 111a and the rear frame
111b. The environmental test chamber also includes a main access door 152 and two air
handlers 154 (such as that shown Fig. 14) capable of delivering air at a desired flow rate,
temperature, and humidity.
20 In operation, a user will insert the pallets 100 into the slots 106, which then cooperate
to form a testing chamber in the rear portion of the chamber 150. The user will then close the

main access door 152, thereby forming a tester chamber for the test driver components in the
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testing or operational position. In addition to the advantages described above, this test
chamber embodiment 202 is desirable because it provides: (i) a dual plenum system for

10 supplying hot and cold pressurized mixed air at a controlled temperature gradient or at a fixed
temperature; (ii) fhc ability to test in small batches, thus decreasing average test cycle time;
(iii) high uniformity/stability of the target conditions and fast temperature ramp rates due to its
use of a small test chamber volume, high air flow, and continuous feedback; (iv) the ability to
run hot and cold tests can be run simultaneously in any number of drawers 250 in

15 embodiments where each drawer, or nest of drawers, is fed by an independently controlled
mixing plenum system; (v) a substantial reduction of internal temperature gradients provided
by the small volume/tight control operating philosophy; and (vi) a highly compact, stackable

design that can be placed back-to-back with another test chamber 202.

20 A. Small Batch Testing
Fig. 12 is an isometric view of a drawer 250 that is suitable for use with the

environmental test chamber 202. This drawer embodiment 250 comprises four pallets 100,
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In operation, a disk drive manufacturer can load four drives in each drawer 250,
through the front of the drawer 250. Air enters the resulting subchamber 254 from the inlet
orifices 224, circulates around the four drives, and exits through the outlet orifices 226.

These embodiments are desirable because each subchamber 254 acts as a separate mini-
environmental test chamber, which decreases the test’s batch size. That is, the environmental
conditions in each subchamber 254 are substantially independent of the presence or absence
of other drawers 250 in the test chamber 202 and substantially independent of the
environmental conditions in the other drawers 250. This allows the manufacturer to insert one
drawer 250 into the test chamber 202, bring that drawer’s subchamber 254 up to the desired
testing conditions, and to conduct the desired test - all without having to completely fill the
entire chamber 202 with disk drive or filler pallets. Thus, the manufacturer can perform a test
on some drives while simultaneously loading other drives into another drawer 250. This
feature is desirable because it can decrease the average amount of time necessary to conduct
the tests and because it reduces the mass that must be heated or cooled to preform each test,

as only the specific occupied drawers are maintained at the desired test environment.
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5 The control computer 212, in turn, adjusts the air handling system to produce optimum
uniformity and stability in target temperatures. In these embodiments, the orifices, plenums,
control system, and drawers should be designed produce a small test volume, high air flow,
and continuous feedback. This combination will help maximize temperature uniformity and
stability despite the changing operating conditions in chamber 202.
10 In other embodiments, the sensors 210 can be used to individually control the
environmental conditions in each subchamber 254 or in small groups of subchambers 254.
These embodiments may be desirable because hot and cold tests can be run simultaneously in
any number of drawers 250 and because the individual controls will further improve
uniformity and stability of the target temperatures.
15
B. Temperature and Air Flow Rate Control
Fig. 13 is an isometric view of a dua! plenum air system embodiment 200 suitable for
use with the environmental test chamber 202. This air plenum system 200 comprises a cold
air supply duct (“cold air plenum”) 204 and a hot air supply duct (“hot air plenum") 206, both
20 of which are pneumatically connected to a fan or blower 208 by a flow divider. The hot air

plenum 206 has a heating element 209 and can supply air at any reasonably defined

temperature above the desired test chamber temperature. The cold air plenum 204 has a
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pneumatically connected to the environmental test chamber 254 by the inlet orifices 224
associated with each drawer 250 (Fig. 12). The outlet orifices 226, in turn, allow air to pass
from the testing subchamber 254 into a return plenum 225. The air plenum system 200 in
some embodiments may also include a humidifier 227, additional computer controlled baffies

10 or dampers 228, and a computer control system 212.l This control system 212 is operably
connected to a temperature, humidity, and air flow .rate sensor 210 located inside the
environmental test chamber 254, to the dampers 219 and 228, to the variable speed fan 220,
and to the humidifier 227, and to the heating 209 and cooling 214 elements.

In operation, the fan 208 draws air from the return plenum 225 and/or the ambient air

15 outside the chamber 254, and forces it into the cold air plenum 204 and the hot air plenum
206. The air entering the cold air plenum 204 passes over the cooling element 214, where it
can be cooled to a temperature below the desired test chambel; temperature. Those skilled in
the art will recognize that this can cause water to condense out of the air stream, which
decreases the air stream’s humidity ratio. The air stream entering the hot air plenum 206

20 similarly passes over the heating element 209 and is heated above the desired test chamber

temperature.
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5 e control systemn 212 can use a signal from the temperature/humidity sensor 210 to actuate
the dampers 219. This, in turn, adjusts the respective flow rates of the hot and cold air
streams. The end effect is similar to the mixing faucet on a kitchen sink, only with the fluid
being air rather than water. In some embodiments, the control system 212 also ;:ontrols .the
operation of the humidifier 227 (not shown), which allows it to selectively increase the
10 humidity of the blended air stream. |
The fan 220 draws air from the mixing chamber 218 and pushes it through the inlet
orifices 224, into the environmental test chamber 254. After the air has circulated around the
devices under test, it exits the test chamber 254 through the outlet orifices 224._ A damper
228 in the return plenum 225 can then either direct the air stream back into the fan 208, vent
15 it to atmosphere, or a combination thereof, depending on which choice is the more energy
efficient for the desired test conditions.

- The heating element 209 may be any device capable of heating the air stream flowing
through the hot air plenum 206. Suitable devices include, without being limited to, an
electrical heating element or a heat exchanger connected to supply of hot water or steam.

20 The cooling element 214 may similarly be any device capable of cooling the air stream

flowing through the cold air plenum 204. Suitable devices include, without being limited to, a

heat exchanger connected to a supply of chilled water or may be a vapor-compression cycle
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5 that can control and change the flow rate of air through a duct. Computer controlled baffles
or dampers 219 and 228 are particularly desirable because they will allow a user to quickly
and casily chahge the conditions inside the test chamber 254. However, manually actuated
devices 219 and 228 are also within the scope of the present invention.
The air delivery system in Fig. 13 is depicted as vertically surrounding a cluster of

10 drawers 250 (Fig. 12). These vertical embodiments are desirable because the air delivery
system 200 can be easily built around the test chamber 254 such that the chamber/air delivery
system form a single, integrated unit. However, the air delivery system 200 could be located
at any other angle relative to the drawers 250 and could feed one drawer 250 or a plurality of
drawers 250.

15 The co.ntrol system 212 can be any device or combination of devices capable of
maintaining the conditions inside the test chamber(s) at or near the target conditions. In some
embodiments, the control unit 212 is an microprocessor implemented active feedback control
system that uses the signal from the sensors 210 to operate the dampers 219 and 228, the
variable speed fan 220, and the humidifier 227. Other suitable controllers include, but are not

20 limited to, an analog or digital feedback device running an appropriate control algorithm.

Many variations of the embodiment in Fig. 13 are within the scope of the present

invention. For example, the cooling element 214 may be eliminated. The cold air plenum
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5 O- device capable of reducing or eliminating the turbulence caused by the fan 220. Suitable

devices include, but are not limited to, a bank of tubes or honeycomb structure that forms a
plurality of small diameter flow paths. The flow straightener may be desirable for its potential
to reduce vibrations caused by uneven air flow.
Figs. 15, 16 and 17 schematically depict alternate air delivery system embodiments
10 suitable for use with the multiple, independently coﬁtrollablc subchambers 254 described with
reference to Figs.. 12 and 13. Specifically, Fig. 15 depicts a dual duct variable-air-volume
(“VAV™) system in which each subchamber 254 has its own mixing chamber 218. Fig. 16
depicts a multizone single plenum system with terminal reheat. In this embodiment, all of the
air is cooled to a temperature low enough to assure dehumidification. The sensor 210 in each
15 subchamber 254 is used to control its associated reheat coil 209 to insure that the air entering
each subchamber 254 is at the proper temperature and humidity. Fig. 17 depicts a single
plenum VAV system with terminal reheat. Terminal reheat systems like those shown in Figs.
16 and 17 may be desirable because they only require a single duct. This feature can
decrease the system’s initial cost and complexity. Dual duct systems like that shown in Fig.
20 15, however, are more energy efficient. This will decrease the system’s operating costs.
One particular embodiment of the present invention incorporates all three aspects

described above designed and operates in a synergistic manner to produce excellent



| ' 109! P’ F&$10%=& () - MsYOdENb@ 10!, "109%& () - 19 FEB 2004
f(%gz/? Q“‘i‘?)‘%‘{7§)3#1ocy&' ()-4"109% ()-"10%& ()- O OBdEMh @ PCT/US0021083

10!, | 109& () - +@109%& ()-f)#109%& ()-Y '109%& ()-$ 10% ()-"10%: ()-B #bC

- 10! L@O% () - FOA0%: ()- 10 10 105109 (3r.Y2' 10% ()-LO 10%&: () - #(5<dEbC
10! G'10%&' ()- @10%&' ()- @109 ()- 10% ()- |" @O0% ()-110%& ()- CbdEbC

0 1 » 1 ' dEbC
o 0 b B B
' 0 0 VR 7% 0%& + v&
10 10Y7#1%&%1§1 tes%t) ég& }é&t@(ﬁ el ér%mlgémjaggng %Jfovﬂbﬁ%&tlje)
yCLIV?/ 10 ( 65 ' 1 IT] 0 1 n (y&l
10C@PdE7/ 10" #10%& ()-L' 10%&’ () - 3Z10%& ( ) 10%& ()-"109& ()-9"10%& () -

PkY@E7/ 1Wk#1Mfr(ar)1eW)Jﬂd.®H&c(n)sth8dﬂ%&u(;)lc&ilxﬂ fstél}l andd Q%m Gy air purge
@109%& ()- %-<dYNC 10 10 10 10F7G' 109%& ()- 4109&!

29" 109" ( pusH¥aliRfdhé brentikl %K thik e%%%?ﬂ}‘&r& @{5%1? {GEfOE) is fabricated from cold rolled

5 steel, the framework 111a and 111b is fabricated from cold rolled steel, powder coated; the
insulated studs 112, the base plate 114 and header 116 are fabricated from a grade XX
paper/phenolic laminate sold under the trade name GAROLITE by McMaster Carr of
Chicago, I]l.inois; the insulating bricks 104 are fabricated from the RayLite® brand expandeﬂ
polystyrene produced by DiversiFoam Products of Rockford, Minnesota; the rubber seals

10 are fabricated from EPDM sponge rubber; and the brick 104 top and side closure are
fabricated from the “loop” material of nylon “hook and loop” fabric.

Although the present invention has been described in detail with reference to certain
examples thereof, it may be also embodied in other specific forms without departing from the
essential spirit or attributes thereof. For example, although present invention have generally

15 been described with reference to a computer hard drive, and in particular for environmental
testing of 3.5 inch and 2.5. inch, disk drives, the principles could be extended to controlled
environment testing of other devices. These include, without being limited to, compact disk
(“CD” or “CD-ROM”) drives, digital vidgo disk (“DVD”) dri\;cs, tape drives, “cards” for
computer peripherals, computer memory chips, integrated circuit wafers, personal computer

20 devices, consumer electronics, etc. Aspects of the present invention can also be used as an
incubator, or the like, in biological manufacturing processes and testing. In addition, the

carrier and/or the pallets may include auxiliary fan designed to improve airflow around the



1 109&' () - F" @O0% ()- Y10%& ()-10%& () - FU 0% () - &6dEYNC 10

109& () - OBy - 9" 109%& () - &L0%& ()- ! 10%& () - @10%& () - {zdEY %916'59 2004
CSH10%& () -"#10%& ()- "109%& ()-Z"109%&' ()-1sT)109%& ()- 3109& (- %’@é?ﬁc 10

Y2' 109&' ()-" 0, #10%& ()-. @ 109%& () - +#10%& ()-f) "109& ()-1'(10%& ()- \bC
10F10%& ()-  109& ()-9%.0%& ()- 10 10 10P% 10%&' ()- 4 10%& ()- :1dEbC
10" 109%&' ()1, "109%&' ()-"10%&' ()-M 10%& ()- ' m'10%& ()-", 10%& ()- OXdEbC
10109 () 9evisg yodertgsts Thomefers. it isidesiged thaghe epbodimentsl@8Hbad Rbreime
10+#109%&' ()- @ Y" 10%& () - & 10%& ()-$, #10%& () - F"#109%& ()- 10%& ()-y4dYNC 10
10 10 107'coRgidéred in A Fderd ds iMigratQ¥E e esROGNRHhdl that refet & o msdd QF
101 % 10% & () - 10 10 10%/&??)"?%&9'(%&&5&@3%, #hdthat refetdidE Hemide @ 'the

10% & () PRSI sy g dstedg ofshomdemion y 100 & () -G <deg -

10#s10% & ()-! 10% & ()-1110% & ()-@10% & ()-10% & ()-10% & ()-<?,dEg\ =
102z10% & ()-0s!10% & ()-S,10% & ()-9* 10% & ()-('10% & ()-&10% & () -

Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font2 3%+ 1j 6; ~CLKRY" h( pw~gqW " $&(yv(2wWOAL} W 4kl uy+2F\ s
AT w



T("GhPUR ) +-. _02(4568) 9: p<;
Si%éDFl(Jl-UGENN ?DQSU}_W_S/O[ \] JU_vzlgcdf i 4kl nps" t vxzY{ U} yb06* [ | #" d} q] X{ Fpg ECHS%O@P%
< 1UHSIR ()*+,-6Ti nes New RomanAri al Couri er New'h Root EntryWrdDocumnentc
" #$UR' ()*+,-./0123456789: ; N
<=>7? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcggf ghi j kI mmopgr st uvwxyz{| } ~
I"#B9R' ()*+,-./01

10

15

20

What is claimed is:

1. An environmental test chamber, comprising:

A plurality of pallets; and

a plurality of insulation bricks associated with the plurality of pallets, the insulation
bricks having a sealing material comprised of a strip of hook and loop material and the

insulation bricks cooperating to form an insulating barrier.

2. An environmental test chamber, comprising:

a plurality of pallets; and

a plurality of insulation bricks associated with the plurality of pallets, the insulation
bricks having a sealing material comprised of a sponge rubber and the insulation bricks

cooperating to form an insulating barrier.

3. The environmental test chamber of claim 2, wherein the pallets are adapted to receive
a device under test and a testing apparatus, and wherein the insulating barrier is located

between the device under test and the testing apparatus.

4. The environmental test chamber of claim 2, further comprising a rack adapted to

receive the plurality of pallets.



