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The present invention relates to renovabl e conponents that are 5 incl uded

i n-nmechani cal, electrical, and el ectronechani cal systens, and that are
cooled by airflow or by flow of a |iquid substance, and, in particular. to
a removabl e conponent filler that can beisubstituted for 4d.EqDM43BHE
conponent when the renovabl e conponent is renoved fromthe systemto ensure
that the flow characteristics of cooling and/or liquid within the system
are not deleteriously 10 inpacted by renoval of the renovable Cﬁm"mmw
BACKGROUND OF TI -fE | NVENTRENJ VA BEEICEHOJ/NAT ¥rGoggpon for mec “"m”"“m
el ectromechani cal, and el ectrical systems to be constructed from moqplar
mechani cal , el ectromechanical and 15 el ectrical conponents. Mbdul ar
conponents a Ly JAterchanged for maintenance, for repair, and for
enhancenent ﬁgggﬁggé%i%fféﬁby new t echnol ogi es and manuf act uri ng net hods
enbodihed in, or appli erhet ﬁbes@xﬂg'n@’ntiormélateﬁftotlhﬁloﬁﬂﬂhﬂcasgpmﬁﬂaolm&ng& t hat

t oget her compose <1 system Modern conputer systens and storage devices

i ncl ude | ar g&c ﬁ%é}@z@fmw%’rﬁwwgalﬂfbﬁ?ﬂ“&fﬂee‘tﬁlﬁﬁéﬁéﬁf@%’ agq At sckdps, 20
printed circyltaitmRar &by Hofkodhi HRR sRWREe, SHRPI SFicl@idioV ANk AsapRer | pher al
devi ces and peripheral device controllers. Figure 1 shows a sinple

abstract il genpicnofiller that @islbe supsijuted detageacrevabice comppaeii whenatheay
storage devi eyl AELNAER B DOHRER%dR2u8Nd @nDRNALOE B LAY odll SK
drives. Disk arrays ave many a I'tlonal co onents, incl uofl ng 5

comuni cat i onsaradaispawef codlingr amdronelidusd wWith{H CheCkyseut tafke, noredadtsricang firmvare
and/ or software cgntrol | ers. flat inplenent conmunications protocols and I/0
request hthdfPeAgLed P ELRevARYiths sHaYa WABHs are located within the

housi ng 102) but are not explicidy clown in Figure 1 because they are

out side the scope of the IrE:resent invention 30 I'n many systens, particularly

el ectrical aRh(EROVIRLhIHEIHVERN®NNS, nodul ar conponents nmay conprise
various heat-generati Ng i %?e%mglge&%ﬁncﬁ\n%r”@i&hanical, electromechanical, and

electrical systems to be constructed from modular mechanical, electromechanical and

15  electrical components. Modular components are easily interchanged for maintenance,
for repair, and for enhancement made possible by new technologies and
manufacturing methods embodied in, or applied to, one or more of the modular
components that together compose a system. Modern computer systems and storage
devices include large numbers of removable modular components, such as chips,

20 printed circuit boards, disk drives, power supplies, and various peripheral devices and
peripheral device controllers.

Figure 1 shows a simple, abstract illustration of a disk array storage
device. The disk array storage device 100 includes a housing 102 and a bank 104 of
hard disk drives. Disk arrays have many additional components, including

- 25 communications and power interconnects, logic circuits, memory, and firmware
and/or software controllers that implement communications protocols and 1/O request
handling. These additional components are located within the housing 102, but are
not explicitly shown in Figure 1 because they are outside the scope of the present
invention.

30 In many systems, particularly electrical and electromechanical systems,

modular components may comprise various heat-generating subcomponents and may
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4 Decenber 2002 therefore product significant amounts of heat during
operation. The heat nust often be actively dissipated fromw thin a system
ta the environnment surrounding the systemso that the internal tenperature
of the system does not rise above a | evel at which operation of system
conponents deteriorates or fails. In many systenms. airflpw.Q s sgogat ed by
internal fans that draw air- over the surface of conponents, exchangirig
heat fromthe conponents to the air stream and push the heated air out of
the systens through vents. In other systens, fluids are passed over
conponents o r 0 rovi de
simlar heathggzﬂgﬁ un%??%ﬁgﬁﬁ&mkqghgﬁfgggpgﬁﬁgﬁﬁugmgﬂgﬁhﬁmé@ﬁ%ds

rel eased in é«w@mwaldmadmatMD@ deMncesymm1RvQMranmoshomsaWMQKMMskmarray of
Figure 1 with & ernal coo 'ng[ %W ? g iani 202|a g 204 dr aw
air through ?ﬁe“hf QSr?’ﬂﬁécéP f'HE ¢'r gﬁﬁ“&P] 8 "H1 4K BPYad 'pEst the bank
of -hard di sk“drch\o@s.a:l&élofapaﬂcnewﬁ,wsﬁan& b&eheat et faist 1t RaAughepttapabwports 208
and 210 at the rear- array. In order to design disk arrays in
whi ch hard diSskeasd ® @?ﬂ&r‘ g’"‘%ﬁh“f F'@»’e%twr H‘Géf'éféFed%ﬁrCP‘ﬁao'Eb'é’r%‘H‘%‘ﬁ“‘éf the
dish array, gias lsmlmh@ecc.ﬁ,sm@ﬁﬂogn@ﬁ@ s@e%rnetum ;lnbéh %nﬁh@@ﬁ.r@{k%m@é Sutate the
arrangenent of hard disk drives wthin the k array. the inteérspacings
bet ween t he Haeughaiegk. dnijoyiees sysidves, luids aod P@Sh@ byer akepponts @20onducitd si zes of
the output pgr nd ener cap gs of the
el ectrical fglhcssﬁgaogtﬁ)aﬁd lﬁ?ndlu’l% dcoHﬂgne% og dg 1%1'! hca‘?‘ 9\ hgllgma

added to i ncfimas@alQ, mysmmnmaamﬂnnhtﬂmesm&nédﬁmyuheMnaﬂngmcwhsn the

capabllltles and capagi tle rovided by th du onp onents arc not
needed i % he systen1 ﬁzﬁr mF@ﬁBVﬁH)FgﬁﬂD' LPB& AN NFRHEPSINE and
upgr adi ng. Fragyrﬂw%o@hmn;maqu ska @bk AW thibhgtstiphedhdrinobiagte @nidorand 2
with one hard disk drive renoved fromthe bank of disk drives Rempval of
the hard di stediskpeacpsathe bankrf bpdnlisk|doive392 and prehapp dlie hehted aif Birgught hi s 25
case, nuch lgﬁl:]tgﬁ >o|1€ (‘{“8’ 191%%9&‘?&&& Qqale R cﬁﬂié’é’lakh Jé’rﬁ&‘?&‘&es% #ﬁemfa opt of the

encl osure th € Ccross-sectional areas e1n erspa0|ngs
bet ween t he hamdh&wskﬂdhnmeaemﬂﬂaemuhbykﬂmhMnghambnofmdu&kadmldes such as

t he bank qQf dish drives 10=1 in. Figu 2. The Iar |. ot

i ntroducdd by PedroRags S‘Tre‘?‘Hé C‘i‘?‘dg gi“;‘k"”cdl‘ 1318, e @pangepgnte Bf‘gﬂklgrl‘vsl arge
channel throyghinwhé 88k @irsy. HeaWRrshithi2s G eeN a3 HT &sl B2 BYind9iebemtr i cal
fans (202 and ?0-) in Fidure 2) can pass, so that nuch of the air floe
gener at ed by"WﬁePéﬁé@Qﬂh%%ﬂﬁeﬁwngnmIMHbQO&ﬂWéEHb@miWF@uﬂw\ﬁﬁ€N§WOt 30

rat her shall r hrough the nuch tighter

i nt er spaci ng%?!pgaﬁes Of%]edaégg&glr%% 2(9%(3%264 As a result of the diversion of the
airflow, the careful dmn&m@enatmmnmoand qumuhaimuwshfomkano|000&Bng of the

hard di sk drives wt di s whol |y
app 1 oa eHFET, CHIROHTES A ol WATCHE A CHFCRIG P TS SBecikEbved. T n
many 5 casesprolRBPYRIhe tfod@ledbsBori@hts MR Ntk hdedELBUhd sykiaml Radaridadfove@ol i ng of
many of the renalnlng disk drives that may in turn, result in degradation
or whol esal efor adinienanest 1eppierantlitparading ofegust 3 phons i diek dirdyidlgstgiediin physi cal
damage to di sk thenahe | he disk
array. Thereﬁﬁgggg nuégnnﬁ ??hmﬁ ab‘§QQ§F%3¥§’%%”p%@qﬁfgﬁrgﬁgﬁfﬁéd above 10
wth referenRen@uﬂBigmﬂasidsBdntmuomesapmwmamhpOEodhengmdﬂmugnnemglneers
may attenpt to antH0ﬂ£§te t he effe L %l ne or o @

drives from €48k af 8y "aHE SS“BP%v‘T‘EPe“% f?s’*’%‘i‘é 1% %B\Rér’? T““ ans and

conpl ex baf f ihai ghenBGhAMING T8 sd-Qc MR UACast dTahe aﬁeqﬁam @ik dchame had @Bk nt ai ned
around all hard disk drives within the disk array despite renoval, of one or

more hard di kvedrn ¢efally SllechbabpHidity datcecueieds 4 tapk L@f dgk drivesehdidiisi ve and
may not pr Ovhggrcrlewdabl &h csﬁllx&t&% f(dt m?(ldluce(éiatﬁel%n oRar fllﬁtyll Fldy&.l\fcﬁ)rvc
unanti ci pat ed”patterns o ard dis rive reroval utions al so | ead
to expenS|vemdm&kqamﬂaymlmpatmmn@1MbmmiWMbmanduwmmukabtwwﬁﬂwnnd7bhat nay

require increased, |ev na during th Figure 4

| iust racls GRSE00 AR IaT Bise 0L & SRREVE A1 Y e Bk OB b GBS B bed i th
reference t ogdnefatedyase dieccal nmEkxguwdAen@ theesiamguloasobiageKmbih k&shard di sk
drive filler 402 is inserted into the open sl of 302 resulting fromrenoval
of a hard disk drive fromthe bank of hard disk drives 104, the hard disk
drive filler 402 shown partially inserted. The size and shape of the Bard
disk drive filler 402 approxi mates the size and shape of a hard disk drive
so that) once the hard disk drive filler is fully -2s inserted into the
bank of disk drives 104, the airflow characteristics of the disk array wll
closely approximate the airflow of a dill: array with a fully filled bank
of disk drives. The solutlon |IIustrated |n Flgure 4 |s conner0|ally

. e e T



4 4 Decenber 2002 injection-noldin g processes fromplastic materials, but
needs to be manufactured by a bl ow nol di ng process, constructed from
subconponents, or machined froma block of suitable material. 'These
alternative manufacturing nethods are expensive in conparison to injection
nol di ng. Moreover, continuous-surface, sjx-sided fillersyf.cuaPochend
themsel ves to conveni ent stacking for storage and shi pping ané) are rather
heavy, both characteristics adding significant cost to the Shl ppi hg costs

required for rov n di.sk drive tillers to custoners. rder to
Lo The ox preih 3h Bt Fidhut /B shidnis detuer bl HRED Bt skt 1 11 ors,

cust oner s anddidéSion AF (HaYirBRUMChANR EsnsRMEo R BURYR M aseHs ol Mt ik &nd ri gi d
foamfillers but such fillers general |y prove to be inadequate. ey are

not durabl e, @AdahylidediivdeVitaipi %ilfy”‘dtﬂ'ﬂ'i%dﬂaﬁlérﬁév@ﬂ\ drigesr @py deebalty and may
becone def or r . i teqidur F r mor such
makeshi ft fi IrTFlg @ﬂg"égtﬁg ‘1'!‘ ﬁr gﬁ%’?ﬁ 8@‘:‘1 or mgHod”Qg hg"éﬁ%egergﬁg%ﬁf ggtrﬁ?nl ng

t ol er ances 5of cdyes; derddwsk otﬂral vigls daimel vdll sksudir mainsdegsde tchalingt dfemany bf dw ar ound
di sk drives within a e |C|ent b
presence of a “H& knéréfhd‘gi gr]"velslﬂéa?y’?aé %‘aﬂg‘ereﬁwgg‘merggﬂf'téonh%aﬂm 63%182‘”{‘? 8/fvw t hin

t he di sk arr aypeddtiof @fpasendroOlisk lAEvel srkin Physdal dnfiget BRISR drkds ONsthertuser s
and manufacturers of disk arrays have sought a cost-effective but durable
and econonmi ca’l‘cahé‘?“a'“éi?%‘K"Rﬂ"Fr\'fé“’f‘i’!“Itkéf‘rd'flba’faéfke the place of hard disk drives

renoved from banks of Vas,, \ EMMARY  OF
o) NVENTON ons. enpor e #it Shufibes %?‘?a 18 18 aosth (EpRbAY R0 S

i nj ect i ontlAol aall reféramad t@lFs;kredrimén ond a;mroat}hlabolptgd@s@emgmeprfsInw(/anbaptr ucti on

characteristics ui v se of hard The 5-si ded,
et o ool et Bk BeraRRGu e fabor bRl AR R RS
fire-resistanindrelpyovicSuftRidnlg bbl\d@ﬂw/@d’n@hﬁ@cdlﬁhé\l §afﬂﬂﬂd nRERARMIIREsGre
identification. The 5-sided, Injection-nolded disk drive filler is

desi gned to b@afs%da&tk%%ﬂow HdP%JEI‘é%‘C‘éarﬁB'P%I%’Hhﬁér‘i’éﬁké’”t"'és v Rldp the dgheaTaYser t i on
and extracti Ofgp, @@Q:ﬂo@ﬁ'#@ﬁ@ ohﬁ)loleol‘fx’rd w&&igﬁvéh%aﬁsmrst %eﬁe% &é:@%nr\muge

t ur bul ent ai rflow across the hard disk drive fill Decenber 2002
BRI EF DESCRI PHpONiOF afdHE dpRAMY NGSIdE rghlzrbée jsolsh@vssmaal:l;marpzlseparabﬂmba(fdzr
shows .t he di sk

illustration of a .di SCJ; array-_.starage device. ﬁ Figure
array of Fi guf@"4CIgi'e p?%“%yﬂf i?rﬁaﬁ?gb&fl\? SR é\%rgfﬁ‘“go’és ROt Re di sk
array illustragpeskiverdisi Stiyehadardddfiuotian@f€tultedind thht flay Gequire icRiamded from
t he bank of disk drives.
levels of maintenance during their lifetimes.
Figure 4 illustrates a second approach to alleviating the problem
20 described with reference to Figures |-3. In Figure 4, a rectangular-block-hke hard
disk drive filler 402 is inserted into the open slot 302 resulting from removal of a hard
disk drive from the bank of hard disk drives 104, the hard disk drive filier 402 shown
partially inserted. The size and shape of the hard disk drive filler 402 approximates

the size and shape of a hard disk drive so that, once the hard disk drive filler is fully

)
tn

inserted into the bank of disk diives 104, the airflow characteristics of the disk array
will closely approximate the airflow of a disk array with a fully filled bank of disk
drives.

The solution illustrated in Figure 4 ts commercially viable. but has
certain disadvantages. The rectangular-block-like filler has six sides that together
30 form a continuous surface in order to approximate the continuous surface of a hard

disk drive. The hard disk drive filler cannot therefore be manufactured by cheap



Figure 4 shows a rectangul ar-bl ock-1ike hard disk drive filler inserted 10
into an open slot resulting fromrenoval of a lard disk drive fromthe bank
of. hard disk drives of a disk array. Figure 5 shows an isonetric
representation of five-sided hard disk drive filler viewed fromfront to
back and fromtop to bottom Figure 6 ig a plan view of 4hgcfiyegppded hard
disk drive filler viewed 15 fromthe bottom Figure 7 is a side view of
fthe five-sided hard disk drive filler. Fi gure 8is a front el evat i onal

vi ew of thefl T PTI ON OF
THE' | NVENTI RO A Fare s Fomuhgf atisre ! bf Brick Shod SAFBER W 4 o

cost-effecti m\\amdlde@qn@ms;abnshatrdd dbmksudednRnéiidd, lopimakRihed ne@Ird bidgk | nt o
open slots within a bank of disk drives within a disk array. Wen open
slots in a bahRuigblegmalerigh j JaeseAErmbre sanplegtpritg mgdiode ser FE Ybve wit h

reference tocfdOiE6S olinBetidhl lﬁBlHrnQarN?@reé\Ql claﬁtlrfuloﬁ)é”su‘?f'xc@'sr\ s‘fi‘(’ft,(aufﬂgrs fe

remai ni ng hard disk drives within the kK array may occur, leading to
i neffective 0@dbnd1§1¢0$elt¢$60Banttnt#ﬂSRtadMsv@s s@rege ded ehlpmnatand)nreomhtlal | ure of

operation of hé lbo@l( ghaq%c?u |std<.rs| m"%gwp(tcgntp@ tbctﬁ%sltclqurlrr? c% S rﬁquured t}ar d_disk

drives or' to oth array. 30 A
five-sided. pnmjveimtglrarttdtm aﬂmd t‘rhlarsdo dissdmeds.i ve filler (' vSHUDF ') that
represents one enbodi esent inyvention is _shown ipn two views

nt . of the p
included 4 Decenber qg(%‘?r i al“—‘?'&tfg‘%§“§“5°’8° ﬁ‘?'@‘ﬂt‘%‘sé“g%mé“éﬁpij Wt ric

representat i gk Qfivé Rfterd| ASomkAeH d Rkl SKandfabdird hdve %pt/dy@ewg‘&h foa@nt front
to hack and front top to bottom Figure 6 is a plan view of the five-sided

hard di ski0dr anderigigl fgaey filldreetsuch Gitters Menebdbtmne tFlbgtnaéecmaﬁes Tae)sardeotw ew of
the five-si dguralg@raqtd%% de lralci(\ﬁ/?d})l \l' ldt?rrmo remd %/Jarleané3 rep?acement ané ma\ \e/caotmleonal view

deformed and otherwise deteriorate during use. Furthermore, such makeshifi fillers
generally do not conform to the close manufacturing tolerances of hard disk drives
and disk arrays, so that the airflow around disk drives within a disk array may be
15 sufficiently disturbed by the presence of a makeshift filler to cause undesirable heat
retention within the disk array or components of the disk array.
For these reasons. users and manufacturers of disk arrays have sought
a cost-effective but durable and economical hard disk drive filler to take the place of
hard disk drives removed from banks of hard disk drives in disk drive arrays
20
SUMMARY OF THE INVENTION
One embodiment of the present invention is a S-sided, injection-
molded, hard disk drive filler that provides airflow obstruction characteristics
equivalent to those of hard disk drives. The 5-sided, injection-molded, hard disk
25  drive filler is manufactured from fire-resistant polymers to include warning labels and
alphanumeric identification. The S-sided, injection-molded, hard disk drive filler is
designed to be stackable, includes a molded handle to facilitate insertion and
extraction, and includes hollow, wedge-shaped baffles to produce turbulent airflow
across the hard disk drive filler.
30



S of the five-sided hard dish drive filler. Features of the 5SHDDF first
described with reference to Figure 5 are |abeled with nuneric | abels

bet ween 500 arid 599, features of the 5SHDDF first described with reference
to Figure 6 are |labele with nuneric | abels between 600 and 699, and
features first described with referencesto Figure 7 are 4phahse Miphh

nuneri c | abel s between 700 and 799, respectively 10 The 5SHDDF is 1 njection
nol ded as a single piece front durable, flame-resistant plastic pol yner.
The 5S1-1DDF includes a right-hand vertical side 502, a |left-hand vertical
side 504, a curved front face 506, a backside 508, and a bottom hori zontal
side 602. |In gadit DERCRIFBORSHODREIDRAWHeSSsa nol ded handl e 512 that extends
outward beyond the front face 50G to allow an operator to grasp the 15
5SHDDF, easily insert tH&TSSHES paterle absret BRusttior of e didsarrayridpragesi | y
remove the 5S = fromthe bank of disk drives. Rather than having a top
hori zontal side, the 5SHDDF is open at the top to forman open tray-Ilike
obj ect. Theé 5SHDDF i nclligles? tshoee thedliskogvraywegddgee $ hepedvos atdrnad abolbaf f | es
514-516 t hat Egars the tray-1like enclosure formed by the right-hand
vertical side , left-hand vertical side 504, backside 508, 20 front face
506, and horizontal botrigu SisR@vHhe diskheral hiigeawe i Figades Dahd kasitis@feve to
sufficiently disrupt airflow across the_ogpen top horizontal side to produce
airfl ow char ah%rgldisgtdf‘c‘f"sr%ol‘ﬁqu m ¢he bankaf 4SKATYRS dri ve. Note that the 5SHDDF
shown in Figure 5 is raghaled sRQvOLALRRSIALNNY- lﬁe%@ﬂatcﬂ&' drf%'tﬁle% Ms&eect i ng
the centers of the front face 506, the three baffles 5!4-516) arid the back
si de S08 tI§ ainiern ppeal slemésshingtficonremovalas 4 inekdisk drivd fn@m thd pankipdmkrdof di sk
drives within thgr.deim ﬁrﬁ%{a art orientation equivalent to that of the

si x-si ded fil & WS FR*EYure 4. The SSHDDF shown in Figure 5 includes a
part nunber 604, a pr odugltre |53Q@L\156@Gsoxﬁﬂdc AephBERtbitg OREeAGed6RHAd idipr i nt ed
during the injection-nold rocess i nto the bottom horizontal side (2.
The part nurrbéfr*"eafl"i%\)\g“%ﬁo@ EQPt focdhapl a1 fEom 1080 BtoB a particul ar type of
5SHDDL' during manuf acty Lﬁeel.wsrawaw Bkhe F4-ROLIGbra B aHE iy idNeREOTUCE

| abel provides nmanufacturer identification arid the warning serves

7 4 Decenfer ﬁ@@Zhethmttpmw de |nformat| on to users with regard to operation
of the disk array with.a , I—RPF ent e en slots. For
exanpl e, the warning IaB%LVe mfyasiln |‘%‘b ' RS W&adjddfé‘é{r“\lg ®Shoul d not be
operated for nore than Fagdré 8iit @drolﬂeéllsﬁmiuo@zfl vﬁd\\FTBfM\ktmelstdedi meErdiskodyivef
5SHDDFs into all open slots within the bank of hard disk 5 drives of a disk
array. ' tr adeftB¥'ks, tradenmark synbol s, and ot her such information nmay al so
be inmprinted on the 5SHDDF during the injection-nolding process. The 5SHDDF
is manufactured with internal angles (for exanple, internal angle 702)

bet ween t B8 horizontal bottom 510 and the front face 506, back SOS, and
vertical side } r an 90, and open channels 610,
612 within théE%ﬁ\/\gﬂdgégﬂ%%gg b 1% %lﬁgf%iﬁééi‘g to all ow 5SHDDFs to be

easily and conpact|y stGelkedotiaget dfeke presenniasdnady isfdirectsd oraags-aifactivehi pment .
Thi s stackabil i t decr eases t he vol r 5SHDDF within shjp packages,
Jard 4 £t

pe
which, in tur#d epeBise gk \ﬂ@vaﬁﬁeroﬁor UEHPR 1D QRRaRRS Vitr iy 5SHDDF
e”bOd' ment of gikhariPeesRih al d?M@HFd)OrM’HEIPMbéﬂeﬁo& hiea BhAif bONYICBATAGHERNStT CS Of
a hard disk drive when inserted into a bank of disk 15 drives within a disk
array whil2%, ﬁﬂect hféd€§9m@dtﬂbw W'ﬁ‘r lrdticntp Figerecbstdigtbenseiivdiedlay ofiairpl e
”?”“f act ur e’ LII?CP Le l%?lalni:;gq\rlf i I?Idﬁ NGBHin tlm‘)(ﬁ Lkngr? : ||n f8& tlEanrhg to
di scl osure, acfure toI erances an aract’'eri sti cs.
Al t hough the meﬁf&mmt coo1mgrco1fllmmal'tbd;slbdmr¢s debdatérioedion or f?elnrrmf@bexatnqamft i cul ar
embodi nent it i i nt ende i nven n,he limte
orbodi ment . s eficdied SREVGRT I MOty Erey 6 it P ARk S do ot b
apparent to t{asevekinidoRehid RithiRenhdidkarli9r exanple) a five-sided hard disk
drive filler may be manufactured from many different types of

fl ame-r esid§t ance and duf &bs- @d«gybnryfr@é«p@-lnq*dcﬁémxyd digkfdrise difer 6P BBDENdh&hapes
appropriate tg i cul i 0 t hree
baf fl es are en‘B{%@CH&S OIIL Cal bo@ﬂpenl gialth'. %F&%LIB llgfefl[ho% lg Sl?Oq §] go?@gﬂg{]‘l&lﬂfgt e f or
parti cul ar appllcatlons The handles shown in the dlsclosed enbodlnent may
be replaced with tabs or other features in alternative enbodi nents. Wile

t he di scl bsed enbodi nent replaces hard disk drives in a bank of disk drives
within a disk array, simlar fillers for other types of renovable
conponents may be constructed according to the present invention to have 30
appropriate airflow nodi fying characteristics while al so being stackable
and econom cally and easily manufactured. g 4 Decenber 2002



The foregoing description, for purposes of explanation) used specific
nonmencl ature to provide a thorough understandi ng of the invention. However,
it will be apparent to one skilled in the art that the specific details are
not required in order to practice the invention The foregoing descriptions
of specific enbodinents 5 of the presents i nvention arc pfpsepLechdher
purpose of illustration and description. They are not intended to be
exhaustive or to limt the invention to the precise fornms discl osed.

Obvi ously many nodi fications and variations are possible in view of the
above teachi ng$isumsse- nblHaraentheware ISHIHC EREFSeEY P Balr five-odadehard o best
expl ai n the RELNEIPIAS: AlwddWorh RYRNE bR ABFrohf Sp RS BtlohL Aie@PBlid £AR4 ONS, tO
t hereby 10 enébl e“otlherrs “skil leg ﬁln t he artmt1o Bes?&%%]fﬁli@ t@#f 1F‘llt'/enti on
and vari ous erdvodf Hertvs-sidicd handatiskodisverfoltr ficoat ifonsthadotgre. Figureditod t he
particul ar use_cont | t,e_g.. i S: 4 nt.ended that the sc f the invention
be defi ned b)?ldteﬁ/ée‘ g@%\?ﬁ‘% 'd%(i %ﬁrﬁé‘sgﬁa“iﬁ@?‘ﬁéﬁ‘m glaef}?] "g:gl%i 'Onalzf'fb‘ecenber
2002 9 CLA Mof the {Arefsided éard(BO2driveddler. SEGur&OH, thdISHD B 4irst ddscBbedddM) t hat
repl aces a renpvabl e ¢co nent wWithin a system having_conpqonents cool ed by
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SSHDDF is open at the top to form an open tray-like object. The SSHDDF includes
three hollow, wedge-shaped vertical baffles 514-516 that span the tray-like enclosure
formed by the right-hand vertical side 502, left-hand vertical side 504, backside 508,

20 front face 506, and horizontal bottom side 510. The three vertical baffles serve to
sufficiently disrupt airflow across the open top horizontal side to produce airflow
characteristics similar to a hard disk drive. Note that the SSHDDF shown in Figure 5
is rotated 90° degrees along a central axis intersecting the centers of the front
face 506, the three baffles 514-516, and the back side 508 to a vertical orientation for

25 insertion into the bank of disk drives within the disk array, an orientation equivalent
to that of the six-sided filler shown in Figure 4.

The SSHDDF shown in Figure S includes a part number 604, a product
label 606, and a warning message 608 imprinted during the injection-molding process
into the bottom horizontal side 602. The part number allows for easy identification of

30 a particular type of SSHDDF during manufacture, inventorying, shipping, and use.

The product label provides manufacturer identification and the warning label serves



a manufacturer identifier; a trademark; and a part identifier. 4 Decenber
2002 10 3. The filler of claim1l wherein the baffles (S 14-S 16) are
hol Il ow, allowi ng baffles of a second filler to be inserted into the holl ow
baffles to allow for close stacking of the filler with the second filler,
and wherein the tray-like body (S02, S04; S06, S08) inclipesneinyyber of
approxi mately vertical sides, the approximately vertical sides angled
slightly greater than 90 away fromthe solid side to further facilitate
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those skil in the art. For example, a 1J|ve—31ded hard disk drive filler may be
manufactured from many different types of flame-resistance and durable polymers
in many different sizes and shapes appropriate to particular applications. In the

disclosed embodiment, three baffles are employed, but more or less baffles may be

]
L)

appropnate for particular applications  The handles shown in the disclosed
embodiment may be replaced with tabs or other features in alternative
embodiments. While the disclosed embodiment replaces hard disk drives in a bank
of disk drives within a disk array. similar fillers for other types of removable
components may be constructed according to the present invention to have
30 appropnate airflow modifying characterisncs while also being stackable and

economically and easily manufactured.



9. The hard disk drive filler of claim8 wherein the tray-Ilike body (502,
504, 506, 508) includes a nunber of approxinmately vertical sides, the
approximately vertical sides angled slightly greater than 90 away fromthe
solid side to further facilitate close stacking of the hard disk drive
filler with the second filler. .A9,%AS% Af.AS . A

f.Af. AS. Af! . A929. A%a. AN, <{$p; YD(V $ o 4 December 2002
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above teachings. The embodiments are shown and described in order to best

explain the principles of the invention and its practical applications, to thereby
10 enable others skilled in the art to best utilize the invention and various embodiments
with various modifications as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the following claims and their

equivalents:
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1. A filler (502, 504, 506, 508, 512, 514, 515, 516) that replaces a
removable component within a system having components cooled by heat exchange from
heat-producing components to a flowing fluid, the filler comprising:

an open, tray-like, injection-molded body (502, 504, 506, 508) with
external dimensions equivalent to the solid removable component having a solid side and
an open side;

a handle (512) extending from, and continuous with, the tray-like body;
and

baffles (514-516) extending from, and continuous with, an interior surface
of the tray-like body that produce fluid-flow modifying characteristics across the open
side o f the tray-like body similar to the fluid-flow m odifying c haracteristics across an

equivalent side of the removable component.

2. The filler of claim 1 wherein the interior surfaces of the tray-like
body (502, 504, 506, 508) are complementary in shape to the exterior surfaces of the tray-
like body so that the filler can be stacked together with a number of additional fillers
within a volume smaller than the sum of the volumes of an equal number of removable
components, the filler further including imprinted alphanumeric symbols on external
surfaces, and wherein the imprinted alphanumeric symbols may comprise one or more of:

operational information;

warning information;

a manufacturer identifier;

a trademark; and

a part identifier.
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angled shghtly greater than 90° away from the solid side to further facilitate close

stacking of the filler with the second filler.

4. The filler (502, 504, 506, 508, 512, 514, 515, 516) of claim 1
wherein the removable component is a hard disk drive, the system is a disk array cooled
by air drawn into the disk array by fans, past disk drives within the disk array, and then

expelled from the disk array by an electric fan.

5. A hard disk drive filler (502, 504, 506, 508, 512, 514, 515, 516)
that fills an open slot left in a bank of hard disk drives within a disk array, the disk array
cooled by heat exchange from heat-producing components to air forced through the disk
array by an electric fan, the filler comprising:

an open, tray-like, injection-molded body (502, 504, 506, 508) with
external dimensions equivalent to a hard disk drive and having a solid side and an open
side; and

baffles (514-516) extending from an interior surface of the sold side that
produce turbulent air-flow characteristics across the open side of the tray-like body that
permit a flow of air between the open side of the tray-like body and an adjacent hard disk

drive similar to the flow of air between two adjacent hard disk drives.

6. The hard disk drive filler (502, 504, 506, 508, 512, 514, 515, 516)
of claim 6, manufactured from a flame-resistant and durable polymer, further including a

handle extending from, and continuous with, the tray-like body.

7. The hard disk drive filler of claim 5 wherein the interior surfaces
of the tray-like body (502, 504, 506, 508) are complementary in shape to the exterior
surfaces of the tray-like body so that the hard disk drive filler can be stacked together
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imprinted alphanumeric symbols on external surfaces, wherem the imprinted
alphanumeric symbols are imprinted on the e xterior surface of the solid side and may
comprise one or more of’

operational information;
warning information;

a manufacturer identifier;
a trademark; and

a part identifier

8. The hard disk drive filler of claim 6 wherein the baffles (514-516)
are hollow, allowing baffles of a second hard disk drive filler to be inserted into the

hollow baffles to allow for close stacking of the hard disk drive filler with the second
hard disk drive filler.

9. The hard disk drive filler of claim 8 wherein the tray-like body
(502, 504, 506, 508) includes a number of approximately vertical sides, the
approximately vertical sides angled slightly greater than 90° away from the solid side to
further facilitate close stacking of the hard disk drive filler with the second filler.



