;\]e3eVSL"n&6\ T7< REMOVABLE COVPONENT FI LLER TECHNI CAL FI ELD The present
~invention relates to renovabl e conponents that are 5 included in
mechani cal , el ect i cal el ectronmechani cal systens, and that are cool ed
by airflow or 3“\“\&“\“@\““%\“&& i quid substance, and, in particular-, to a
" renovabl e conp er that can be substituted for al6 Apdhdi§de
component when t he #%#¥®vabl e conponent is renmoved fromthe systemto ensure
that the flow characteristics of cooling and/liquid within the systemare
not deleteriously 10 inpacted by renpval of the renovabl e conponent.
BACKGROUND OF THE INVENTION It _is_inc It N T §@NPPR nechani cal ,
el ectronechani cal, and el eBEMQ\éf‘BL’ES(E(Z@dt@%E cons?r ucted from nodul ar
mechani cal , el ectromechani cal and 15 el ectrical conponents. Mdul ar
conponents are easily interchanged for maintenance) for repair, and for
enhancenent nggeREydl PIEEDby new t echnol ogi es and manuf acturing net hods
enbodi ed in, or appli eq, to, onein%mmr,eda@gs toh eenmeveblle acontpongstn &t <2r¢ hat
t oget her conpose a systB?npr?\?B ern conputerter systens ann(a tﬁatt(‘?(e%@le&lew ces
i ncl ude | agge, BUARIGH Sreehanfcalreleatita, and gleruem ey S Cch as Cht;d ps, 20
printed cifcuit boards, disk i y.es. S lik Grticanad tear rasnvwaier i pher al
devi ces and pley apfier A" lﬁéﬂ?‘t’e‘ﬂ{:‘b W'SIFIQ'Q%{CC’F%@Q% shows a sinpl e,
abstract illustrat ierﬁ”ﬂq?cfr @adbsk balstigyinsddo fage refaqMable compengit Sieg, ¥ Sy
storage devi c®MY“I'ncl udes a housi ng 102 and hapk i ahachaedfioisk
drives. Disk pmfcayisie haweponamyisatsdioredfam c‘g?‘rpsgﬁccents, I ncl uorllé‘;llg} Zoglﬁb(
comuni cati ons and power i ntercgo 4 hAGIC tiRl Eystent are net en
firmware and/ oraraggristigsr &f Egﬂinlgoﬂra@?gﬁ(ﬁlhdat\ﬂi mpl emayr?t conmmuni cat i ons
protocol s dirkéagtcﬁ% V& Sdval\GMeM remgvablens®oadidi t i onal conponents are | ocat ed
wi thin the housing 102, but are not explicitly shown in Figure J because
they arc outside the scope of the present invention. 30 In nany systens,

particularly el e i WVENMONani cal systens) nodul ar conponents
may conprise &ﬁ@%ﬁgaﬁggﬁggﬁgﬁﬁi ng subcaonponent aﬁf}qjgcﬂf@a&echani?al,lﬁnd%f”
2004 therefore product Biigninéreasingly SeTBNAR Jg}c))f“eﬁ aé‘fc during opqaar atai{"gr?d The
heat nust often be actively dissi M1 hdthanical SYestremechanie

envi ronnent  selectisAbRGME 0% é‘?"e‘%égg%{]{lgtg the internal tenperaturg, of the
system doez noetlec?l}léFC(ﬁt%\’{Q‘lt@ Niedtsdr camparshisregdahafieEHa e sy st'em conponent s
deteriorat é of farls. 'In many systens, icrg&@?(‘ﬂé U'),s neweadchgbldgiesi aner nal
fans that drawoai repguernd her senhpRreR e n(l,aorrp nent s, “exchangi ng? headl lfromthe
conponents to the air.stream. amghdResif, bhepiedttedors or B off ¢ HBOUVSt em

t hrough vent s. MPRPIEEYIE BV S ems, fluids ar eé\gaciesed Over (CaInoneRictager
conduct ed t hr oughy,dnei Bgt Byethoutipesg CYREEN PE™M B\ ovide simlar heat
exchange functionality, tge heat, faken 4P nfob@a tammmenta| eels @8 Chigs:
external radi ad¢\w§35dé§}i‘4?e fgclrﬁ'"]é’l gure 2 shows the djsk arra 1<%t/ic5§191'dre 1

W th two | et nBhed O iBalanussk dines, powdrisnpplieantad SPUARY PIEA TY AW ai ¢

t hrough an T BKE port 20b at the front of the disk array past the bank of
hard di sk dri vesrighcBddemint cortll§&t the heated air through autput porys 208
and 210 at the rear of tﬂgmgils;ggo@g h&Ymplt,rabsrate itluswatipesy gandnéﬁ T8 i n
whi ch hard disk drives aré& sufficiently co.olleg dau[;oiugigoq)@pg,@t;i sk @b4 bhe di sk
array, disk 15 g@iicayThesigmenystaageatenicf yOCBRYF G " and® cal cul ate th
arrangenent of hard di sk dri VSTE,V\AI_F&bg Mat-d1emstiys kddirisray . cotipendnis épgbdj@; ngs
bet ween the;har‘t&“ﬂidﬁ% HF‘f'??es, tLhe size of the .intake par Orzoaqd thevat zes of
the output .ports 208;aN6hs2afd Pewantterdoancsis iPBty YeHEr At oY 'capaci ti es of
the electrical fans 202 and 204. an. m?é‘%(eléX@ﬁxﬁﬂﬁeatiﬁﬁﬁﬁbﬁbolﬁ@TWME@S‘ may be
added to i ncrease/o2Gofoyase é@ﬂ”@ﬂﬁéﬂ]‘““ﬁ s and nmay be renoved W‘P@] ohiGre
capabilities and @ acj ﬁésgﬁdcr?{i&\\ﬁi dshoynts be lowedl witgo HisoEHPS "5 € not
needed in the s‘;‘,@ﬁ % s swell as renoved for nmi qtigp%(écgopggfpmhrp;esemd

upgr adi ng. Fi gupg &pRhigyshdwreindFigiee dregdyst eyt QY'ed"in Figures 1 and 2
with one hard disk drive renoved fromthe bank of disk drives. Renoval of
the hard di sk dmivewiodfr eat es an open sl ot 302. The open sl ot j \GefnBi s 25
case. nuch larger in croslg-,@aﬁtsy'swﬂal prauiceuaxrweteﬁ“ﬁcé‘s?ﬂgE‘FthodnctcRAen%f‘lrédTrcljt of the
enclosure thdn the total of the cross-sectiqgnal A Pbcdniy@nemy sWSPACI ngs
bet ween t he har ¢hodiiakcainjpoperss I‘ﬁyéo'f‘[’ﬂ'sl’“))‘”f"i%qblq]ggt %gﬁgﬁf)uf di shl}ﬁdri ves. such as
the hank of disk drives 104 in Figure | and 2. The | arge open sl ot
introduced by renoval of the hard disk drive creates a relatively |arge
channel throug ' fmmdrawn into the enclosure 102 by 30 el ectrical
fans (202 and ammm“mmmwm 2) can pass so that nuch of the air flow
generated by the e*G%(%lgi cal fans will be diverted through the slot 302

rat her than pass




16 April 2004 through the i i :
~drives. As a resultgof thengph tighter interspacings between hard disk
consi derations and diversion of the airflow the careful
within a full ?nl calculatlons_for air cooling of {he hard di sk dri
thin a tully fi) e bank of disk drives my o apolly inapp] ble to
renoval 01}/ a 3-”‘ K ich a disk drive has bgen rempved. In mprﬁiao‘éi ctoa
r emai ni ng disklg ~drive will result in inadequate cooling o? man 83?1 h
WOl esal o fa] rlvss that tray, in turn, result in degradation g the
damage to disk“gfieesogfrgzhgp ﬁf one or nore disk drives or in pLysicaI
array. Ther e tharefogs mgcimg,siggi[ﬂc% gigtrgsse 1Sc|aI 4ot gco FRAGENTIR iwhat R oftee di sk
with reference t . ¥ fepc proach”t he problem outl]ned above 10
may attenpt ﬁac %c%\'ﬁb'%gs tc&’@omhﬂllﬂﬂ@ Fpphoacthe mb@ﬁnmﬂ d@é‘?ﬂﬁingn‘g?
drives f 0" anticipate the effects _qof renovjn neers
rom asyete@ksoahatale mtminal dermealdr fg SOV N9, AMfe Ao Ve0f Rvélai d di sk
conpl ex baf f 11 ng mechani sms. t o wesvira el SGrFHENSOFT Yo povertul” fans and
around al | ha‘P"éiC'HP%%att?r“io\?/@'s‘c’mm ‘ioﬁil?)ﬁH{nﬁse&c(tjE?i E{(a@ed%ﬂﬂalkmnahmfylsgwms ainbiovit ai ned
: : arra i
o hard ¢ ity ansopm avv e vesrd ST R
oo 1able s i i . n
rnant|C|patedmpaﬁ@@ﬁh%“wﬁmgﬁgébgpiﬂ}gFﬁﬁékFgﬁgegrlﬁéaiﬂguw&ﬂ“wsﬁﬂﬂn
0 ex [ ' b . Suc '
requi Pgnusln\éree ‘@@‘ﬁ%{}@%’ Z"é‘#ﬂﬁg?ﬁ?@ﬂhws cud passal maﬂ@@@t@?glogf?bg ‘}Sﬁgﬁl ﬁgyl ead
: I nt enance i i i i :
1t rat s agmanomaiampromomas vt ) D16 b il b BTGB oo
U ' .
i ve fiiler BugignaniyygpeapEh AbGHe nuds F%F@ngumﬁwbmmg'dck@eshar3 sk
. . en sl ot i
Grive f111E %502 Shown part pnbas ettt o SRR s Mol ERTE o gk
, . own parti i ; ’ I's
di thd” Ve i fiver The g)ogg%%'is%{g@'gagﬁ{ea&vgaﬁ'rztgﬂ;gg% %Sﬁ%kélﬁ&;mﬁ&pﬂlecffont be hard
SO at : . h ape o i i
so Lhat, once é,gegcg%hg{aﬂ 39%‘1 ?ﬂr@flﬁ@t Mﬁhﬁfd dibledrivies !(Maddyxmglsq the g%%%frﬂwgggﬁ{‘hgr bk
. J W char act i i i .
o osely amor oupet e vt srcaol seohr ) ekt FOPI e
S. e sol i i . ; : ille
O Sk TS, e s st frjfes aro S FRA ey bolEd kg oferadiorcaiithedish atdvydigh bank of
sides that,to geés.” “The rectangul ar-bl ock-1ike fill er o
Co 1 sighter 1By eopeitiernud gslclaefthe arrangciye! hard disk dr
the conti nu%u%‘?%ﬁ‘?%gég sf)glfm% ; tiérmud e @I RFl &l ﬁgJa‘&prB’%‘?nZ'té
a ha [ i . .
can not ther ef owichibeherdisudrERet e éﬁe%é,q%‘@ﬁg([;%X@enl@ﬁg.*raﬁigkz%%ﬁgitﬁq tixeof ht | er
) , e i .
processes fr Ogi]p@@ﬁé"" STl e3P Bllpur @203 oncbblo.qa.m%-tl.@q\ga&ﬁ'gp%gnmDI di ng
: 253, m subco i
0 ko1 <01t K e TG 8 v Tt 3 ur et o e
si x-sided fill e?‘g di)SgnH'E)t“‘zl“ggsg'&%‘lﬁgRggwﬂi a?npdiv/aﬂemva@-r be @dﬂwitnu'k‘jﬁ@a%ui?ace
£ or S92 G s and avnebe oy b e T2 2o
; ) e shi ppi i Lo
drive fillers me@a@bbmwdwrfg s ey L e e oo vt ok
-surface,. six-sided ; ST nse of . ..
array manuf act GrapAIELEE s ﬂbgkg‘i&ﬂnsggﬁdfigf (c)tgﬁ]ueafshweﬂs,dlséuﬂsrﬂbHJé&S%a‘%%H‘ di sk
Figures I and 2 with one hard disk drive lemoved from the bank of disk drives.

Removal of the hard disk drive creates an open slot 302. The open slot is. in this

ect to the front of the enclosure

arger in cross-sectional area with resp
ard disk

case, much |

| O I
wh

f the interspacings between the h

than the total of the cross-sectional areas o
as the bank of disk drives 104 in

es in a fully filled bank of disk drives. such

driv
rge open slot introduced by removal of the hagd disk dri

Figurc | and 2. The la ve

rge channel through which air drawn into the enclosure 102 by

creates a rclatively la
30 electrical fans (202 and 204 in Figure 2) can pass. SO that much of the air flow

generated by the electrical fans will be diverted through the slot 302 rather than pass



10 and rigid foamfillers, but such fillers
B , general | rov
gﬂgdfggﬁggénlh?y age not durable, and nmay degrade ra%igly Suﬁ?ngerennval
and Furtherng and tray become defornmed and otherw se deteriorate durin
use nanufactrez such nmakeshift fillers generally do not conformto theg
¢l ose manuf ac urlgg tol erances of hard dfsk drives and diGApdErd0f¢s, so that
the aitflow round disk drives within a disk array may be 15 suffi&ientl
y the presence of a makeshift filler to cause undesirable hea¥

retention within the disk arra i
y or conpone
reasons, user shradigh tmarrutbhxcightﬁlemerwpddgsg‘ke“&?ef“:wg‘; W%l@g”g%ﬁ%ta{ %@Mt of e these

cost-effective but d bl.e, and e ) { i
the ol LMERS BeairtloN &, LEORAToRakerRfne aft Edfcutitionefor i lcegling@f
pl ace of Iﬁ‘&iCEF‘Qi‘i‘glé oI MBI rem)veg? ﬁrom banlzs of Lhalrd di slz dr:ngﬁstﬁﬁe

di sk drive ar gy fiard2@isSUMVERY B BHEIYNVENTDON chdisknbsaas it PoroHd

present invention is a 5-sided, injection i i i
that provi des isipplitable @b diskAIPHA© g&ﬁgtaﬁ%ggﬁ%csp%a%fegﬁgﬁgai gﬁtn%dgglae(r)f

] ! . . on “Chall
ard disk drives. The 5 sidefk el @esulthdeatiequusr doddingkof2Bangy P ST i | | er

is manufacturéd Tromfire-resistant nme i 2R he
_ _ ol i
al phanumeri ¢ ire@sinirfgidiskt drons tlth@aB-iE?‘d@é’es‘{'iﬁ“tecggr:agﬁioﬁgfa@@re lgr élllugzi slksda'nd'
l - y rrve

filler is designed to.be st o ; .
i nsertion and WeEIREf 8R° O%%éﬁ?ﬁ%:'fgﬁéleésgqﬁgﬁl%g)\//vs?cawnggg%-dstﬂ:ggg@g?ﬂ (22¢r![ i)t ate

produce tur bul\gat.saakifitd @mpacassithingheriskhraysk drive filler. 30 5 16

April 2004 BRI EF DESCRI PTION OF TH i ) ﬂ.e E,Ja WS GutifdedTabéy
_ _ W NG F i
abstract illustration oﬁhafe(ﬁf%knéwg%[f s‘f’%?%gbpge\fﬁée. 59Fi gulrtle 2 ghgws t he

di sk array .of Figur, j - - . i
di sk array @I I Y},’&?{% rgép c}{\éﬁ Eltl;ge\téj\?ejs ﬂ%@g@n?pr&emcbﬁlgﬁgf@mgn crriisen SHMs t he

diskarray T a _ _ _ 2 with one.hard di Y noved
nk @fanGitiphte did efEests dfirgneunglORhPVBOTG hF@c‘l'Qﬁ%ﬂﬁe " E\ %?:'Ek Frlrzl(()’: hard

disk drive filler inserted. 10 i i
hard di sk dri v@ndr‘P@ﬁ?‘t‘ﬁ%@“ﬂ“&hﬁ&“'g?’gﬁ%@g f‘ﬁ?g‘ﬂdgéﬁ'ﬁf’/‘gggﬁ?lng"g@ hZfrr‘mmmenﬂw?lguOf 5
re

shows an i SOMefipi GaeRE BFRIW & insintadfed faoned sl dend didk &GP é‘h‘ﬁ}é‘rtﬁér&% F‘Tr%:yer

viewed fromfront to back and f ; :
of the five-si dexpithsamepvel %fkonﬁrq’\r'/‘g’r'% f‘?’ﬁéﬁs‘ﬁ\fﬁ @\%\%gﬁ}chgb@ﬁ%ﬁqﬂ? %g&ti)@t\?érans Lo
ottom Figure

7 is a si i i ) .

L L b IS ey v s
-side ar i i i

DETAI LED DESCRyRAHi¥atel phtternt NYENTd @igk drive remov;ll.SkSLcnjcrhI \s/oellutfidnlsla‘?srd Iegtp 1o

expensive disk arrays that are difficult to manufacture and that may require increased

levels of maintenance during their lifetimes.
Figure 4 illustrates a second approach to alleviating the problem

70 described with reference to Figures 1-3. In Figurc4, a rectangular-block-like 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 filler 402 shown

partially inserted. The size and shape of the hard disk drive filler 402 approximateé

the size and shape of a hard disk drive so that, once the hard disk drive filler is fully
inserted into the bank of disk drives 104, the airflow characteristics of the disk array
array with a fully filled bank of disk

';5
wh

will closely approximate the airflow of a disk

drives.
The solution illustrated in Figure 4 is 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



One enbodi nment of the present invention is directed to a cost-effective and
- econom cal hard disk drive filler for inserting into open slots within a
bank of disk drives within a disk array. When open slots in a bank of disk
drives are not 25 filled, as described above with reference to Figures 1-3.
" disturbance in the flow of air around thf remai ni ng har d1@ABI 280%%ves within
the disk array may occur, leading to ineffective cooling of the hard disk
drives and deterioration or failure of operation of the hard disk drives
and to physical danmage to the hard di sk drives or to qt ERtagns tive
conponent s Wijhjettiort-meldiiggkocassealyom s F‘F‘\?B‘-"éﬁ’dé‘bﬁeg? tﬁj%(gg'falrngﬁ- rml§§£ har d

di sk drive filler ("5SHDDE DN &S6RhH oG, enhactiineinfrorofa < present
i nvention i s WASWRCITRS RIS Ze?/‘\ép?ctr[%{ u@e]d Gﬁ)16_ April 2004 in FSi.l\chU{nes 5- 8.
Figure 5 shows afkabRORREAAIC Thpe etiembtatd orandictrig MPPRIS P PREIT di sk
drive filler viewed fromfront to hack and L QR o, BRLGA filkisglore 6 is
a plan vi ew ofomaeisdn Wef‘ﬁF‘d’@d“‘Pl‘S‘r“é" |%rﬁm_§'r’icygﬂﬁ})ﬁsﬁe'rr viewed from tlhga
bottom Figqure 7 Igcfth%“%lg&,glch\oeqfent Reckingy for siochgel ahdskipeing I@"‘Hf‘ieyré‘ Fhiller.
Figure 8 is a"f'r'oMt "el evati onal view 5 of the five-si qgﬁc&%rgqtmcﬁl%ld“ ve
filler. Featup@sydfoth hierSSHBOR Fddingtsighfsent et NPRTeFence to Figure 5

are |abeled with nuﬁa&%@@'}3r?v%|fﬁ{cgsq{}%§5'“§90 and 599, features of the 5SHDDF

first descri be@Via? ence igure 6 are | abel ed . nul rlia?d | abel s

. i th
bet ween 600 and 699, ang cfr&cﬁttuarasnsidfihlf:ﬁ\'p@és(é’ficié‘étfl‘“Wi‘stl‘n"ef,’\ll“e‘:lg éleiice to Figure
7 are |labeled with nunmeric | abels between 700 { Bve dfsibREtsbitddam 10 The
5SHDDF i s i nj diskidoive fibletiestsipnes @]dn‘gFl‘earﬁ)e’ggn%fﬁr%gl%rdur %mngﬂ f_il_]ame- r e§i st ant
pl astic polyner, .T. b SR ferPechb@hy ploant beanadeguate. shIife 2507 a
| ef t - hand Vir ?P%Egagﬂoggﬁ%’, lagl(l:urvedsa.’%ront fgced%gG %1}3%1%&%@8‘@&95, and a
bot t om hor i ZoRuables bitemaPaegrade rapidivtduoing remRy2bag agemepdSs % nol ded
handl e 512 that extends outward be 136k r ehkhdaeR, SQB niahesiifl olleran
operator to grdgfsmedhand aegjl ,‘e”é’ﬁ%‘g%; n?nlssert “the 5SHDDF int@ a bank of
di sk drives, %gerﬁﬂshé Yioff @R tohee BSMDDENfraringHelersarat Ahep YRS &Y Ves.
Rat her than having a top horizontal side, ,th EDRhinSa @RRAr@Y nfaheet op to
form an open tandydi$k Meayﬁ)tﬁoe‘!i%t.‘hqﬁﬁh%‘%ﬁm&didﬁ%l dgﬁes Three hol | (_)Whl |
. . - S b}

pedge- shaped VOHLL&R RAlbiLey fedrcsiieldTalmaneif filler Hreaysd yrkesighle"G¥ur e
formed by the ¥ éﬁ\ -hand verti cal side 502, t{gfé hand vertical side 504,
backsi de SO08, RRnfisPWithihaieslisosray anephoneisehtAf g6 T8m si de 510. Thgte three
vertical baffles serve to sufficient] L S hRifaciirbdk lopdisRarresshathieougpien t ap
horizontal side to prodJ@éa‘ﬁFCrrrer %gcuﬁée/{?gtt eri stics simlar to a Eaggf di sk
drive. Note that fhg. SSERRFIFRMNG oftrginalead disk drbedtEE1odBN B PEES al ong a
central axis intersecting the centers o{ t.cgg f o0t i f AG8qrRRGrERe three
baff| es 514- 5 Bardaistl drites paeyeddiombabgol BHEIRI TR "3 ent ati on for 25
insertion into the bank of disk drives within the disk array, an
ori entationtlequi valent to that of the six-sided filler shown in Figure 4.
The 5SHDDF showunMARYOF @HE INVENKEY a part number 604, a product | abel
606, and a warni ng nessage 608 i.nprJ MEdnf GnieRon 1§ @c3-sidet, nieetiong
process into the bottom ﬁB"r ieﬂ‘i’ﬂ?'gﬁpmtls?fj?%(gg. nTh_e part nunber |a|q|ct(2"?§ic%°r
easy identifi C"?\‘lﬁ]d.l&’é?l afar Bk Pave iftled alrat typedest aEWS'ﬂW'PP]gc AR ur e,
i nventorying, shipping, and use. The product Lahel Riewddesideanutadiskirer
identification eamidalttlhieﬂovxflé?%‘ii HgrhHE dé'é“?si'/e;rkc S%gﬁ,&plr j(el 2004 to pl{ﬁ})vi ge
| nfor Mt on, {0 HRLTHeMs Lnb GARHA tlom RELALAORolphe einiudicainty) Rt and
wi t hout 5SH Piserted into open slots. For exanpl e, the:wapik @l abel

A . . - —sidedsin ,0-1’Hr?e hard disKdriv
may indicate thaghahiecrét sknidicndgn. sHesul-8dFbEVBROBHET Gt ed tor nore th%g a
linmted period of time wthout, insertbi RlbieSHRREe tonfaciliaitd imsprian sAngt s
within the bankdesignghiqy 0§ EF° bla’r qu\;ffe%dks'(;? a disk array. Trade rlis_)lr ow
trademark symbols.. @ndam HReludsHrdlldwn fuedgastiaped prefffesaogBoBEe MR FHtEd “on t he
5SI -1 DDF duri ng YThe hj ection-no] di ng process. The 5SHDDF i s manufact ured
with internal amgbssshe(taotdigkdmnsifdlerint ernal angl e 702) between the
horizontal bottom 510 and the front face 506) back 508, and vertical sides
502 and 504 38| i ghtly greater than 90, and open channels 610, 612 within the
10 wedge-shaped baffles 514-516 to all ow 5SHDDFs to be easily and conpactly
st acked together, or nested, for storage and shipnment. This stackability
decreases the volunme per 5SHDDF wit hin shi pped packages, which, in turn,
decreases the wei ght of shipped packages. Thus, the 5SHDDF enbodi ment of
the present inention provides the airflow characteristics of a hard disk
drive when inserted into a bank of disk 15 drives within a disk array
while, at the sanme tinme, providing for cost effective and sinple
manuf acture, durability, flane resistance, inprinted information
di scl osure, and reliable nmanufactured tol erances and characteristics.

Al 2 1 T . o e o .



30 appropriate airflow nodi fying characteristics while al so being stackabl e
" and econom cally and easily manufact ured. g 16 April 2004 The foregoing
description, for purposes of explanation, used specific nonenclature to
provi de a thorough understandi ng of the invention. However, it wll be

" -apparent to one skilled in the art that ghe specific detth Aprild0®4not
required in order to practice the invention. The foregoing descriptions of
specific enbodinments 5 of the present invention are presented for purpose
of illustration and description. They are not intended to be exhaustive or
tolimt the invention to the precise forns disclosed. Obviously many

nodi fications Vakdat iAvpugn view of the above teachings.
The enbodinent@RQ?gggﬁg&kqgﬁé%gggﬁgﬁﬁggiin order tqo best eﬁplahn th%
principles of the inventrigure hiskbwst & sinrpdes abLeFt 'é!ﬂﬁ!#'&'éf’?éﬁ%% TE Sy 10
enabl e others skilled in the art to best utilize the invention and various
enbodi ment s wi $4Y'S¢ari ous nodifications as are suited to the particul ar use
contenpl ated. It is intendee shats thealiscapes difighe! ivitentd e Ca@f"]gned by
the follow ng clainms and their equivalents: 15 16 April 2004 9 CLAI M 1.
Afiller (502, f&b84, 50G 508, 512, 514, 515, 516) that replaces a renovable
conponent within a systgm 9yisn§xv§m€nmeamta§ inRehed ibyighesal aek2hwitigend r om
heat - produci ng components®to a flowing fluid, the filler conprising: an
open, tray-|i Kgardidnk@eité mmoved fierd thedrpk 6O drivess, 506, 508) with external
di nensi ons equivalent to . the splid re | C isanvenilar issettedd si de
and an open side; a hancﬁ'%‘"ﬁgfg?w%%cecﬁgﬂgj@?%%mgﬁgdqﬁléﬂti nuous wth, the
tray-like bggyi,2a4 ogéﬁ §ib@8sultbdr Gmeat efdharg disk dnive &am b RRMNRIGEE wi t h,
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he T

conponent s, er further including inprin | ph i c synmbols on
external surfaces, and V\,ﬁ'@rl@ﬂnisﬁlﬁ\é‘eP’I?iﬁ’r‘%ﬁliegg“ésl'dtﬁﬁgﬁragés}?d@vgﬁ%bI s may
compri se one or more of pnera LoNghyd ALALHR VR oeE Fagdinhod wiskidie a
manuf acturer identifier; ra enarﬂ; and a part identifier. 16 Apri
2004 10 3. The gdjdl er of claim1l wherein the baffles (514-516) are holl ow,
all owing baffles of a second filler to be inserted into the hollow baffles
to allow for close stacking of the filler with the second filler, and
wherein thezbray-like body (S02, 504, 506, 508) includes a nunber of

approxi mately vertical sides, the appraoxi vertical sides angled
slightly greateDETAHﬁHEDEﬁﬁﬁyﬂﬂ9849fﬁ5%§Hp?hﬁi56e to further facilitate

close stacking of the filder wit (ESERE hidntian is diect@the afcobthaffec{ 802,
504, S06, 508, 512, Sl4, d_%‘%ﬁmwg{“g’&e}‘{ﬁ claiml vithin a bank of

and economical hard disk drive filler for inserting into open slots

disk drives within a disk array. When open slots in a bank of disk drives are not

filled. as described above with reference to Figures 1-3. disturbance in the flow of air
k]

25
around the remaining hard disk drives within the disk array may occur, leading to
ineffective cooling of the hard disk drives and deterioration or failure of opcration of
the hard disk drives and to physical damage to the hard disk drives or to other heat-
sensitive components within the disk array.
30 A five-sided, injection-molded hard disk drive filler (*5SHDDF”) that

iews included

represents one embodiment of the present invention is shown in two v
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horizontal :c{je 602. In adédlt?ljf (t)I:en?SIIII())Ir)]F lr?cltrlrcﬁzglif rﬁgltclgjr Egndllcdgelgttlhf Ler
extends outward beyond the front face 506 to allow an operator to grasp the
15 5SHDDF, easily insert the SSHDDF into a bank of disk drives, and easily remove the
SSHDDF from the bank of disk drives. Rather than having a top horizontal side, the
5SHDDF 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, lefi-hand vertical side 504, backside 508,
20 front face 506, and horizontal bottom side 310. 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 514-5 |6, and the back side 508 to a vertical oricntation for
55 insertion into the bank of disk drives within the disk array, an orientation equivalent
10 that of the six-sided filler shown in Figure 4.

The SSHDDF shown in Figure 5 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 5SHDDF during manufacture, inventorying. shipping, and use.

The product label provides manufacturer identification and the warning label serves
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per SSHDDF within shipped packages, which, in turn, decreases the weight of
shipped packages. Thus, the 5SHDDF embodiment of the present invention provides
the airflow characteristics of a hard disk drive when inserted into a bank of disk
15 drives within a disk array while, at the same time, providing for cost effective and
simple manufacture, durability, flame resistance, imprinted information disclosure,

and reliable manufactured tolerances and characteristics.
Although the present invention has been described in terms of a
particular embodiment, it is not intended that the invention be limited (o this
20 embodiment. Modifications within the spirit of the invention will be apparent to
those skilled in the art. For example, a five-sided 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
25 appropriate for particular applications.  The handles shown in the disclosed
cmbodiment may be replaced with tabs or other fcatures 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 appropriate airflow modifying characteristics while also being stackable and

economically and easily manufactured.
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The foregoing description, for purposes of explanation, used specific

nomenclature to provide a thorough understanding of the invention.
will be apparent to one skilled in the art that the specific details are

order to practice the invention. The foregoing descriptions of specifi

5 of the present invention are presented for purpose of illustratio

They are not intended to be exhaustive or to limit the invention to tl
disclosed. Obviously many modifications and variations are possible
above teachings. The embodiments are shown and described in
explain the principles of the invention and its practical applications,
10 enable others skilled in the art to best utilize the invention and variou

with various modifications as are suited (o the particular use contem

However, it
not required in
ic embodiments
n and description.
he precise forms
in view of the
order to best
to thereby
s embodiments

plated. Itis

intended that the scope of the invention be defined by the following claims and their

equivalents:
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183?4} d <(&) ( )E5;é?;/?l7f7 79&? AR o | % P 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 modifying 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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allowing baffles of a second filler to be inserted into the hollow baffles to allow for close
stacking of the filler with the second filler, and 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 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 5, 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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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.



