; e3e$(62TX . 12 February 2004 METHOD AND SYSTEM FOR CONTROLLI NG A COCLI NG
FAN WTHI N A COVWUTER SYSTEM Bacground of the invention S The present
invention relates to a nethod and system for operating a cooling fan within
a conputer system More particularly, it relates to contralling cooling fan
speed based upon power supply |load and tenperature forl% gooé‘cousti C
performance. Conputers or conputer systens are extrenely prevalent in
today's 10 society, and are configured for a wide variety of applications.
To this end, conputer systens have traditionally been categorized as either
| ow-end or highend, based upon hardware capabilities and user application.

For exanple, |o 0 t j f nal conputers
or desktop corﬁﬁg’ﬁg@ﬂﬁ@é@ﬁﬁ@%@@%&@?ﬁﬁﬁ%ﬁ@m| ons, such
as word processing, 15 sprRefHEORStOMBUTERSYSTEM | nt ernet navi gation, etc.
Lowend conputers are comonly used in an office environnent, in close
proximty to one or nore office occupants. Conversely, high-end conputer
system i ncl ude net work servemM;Wdal one conputers havi ng
processor capabilities able To operate co ex prograns such as finite

el ement ahal ysi s, TigAmessptinyeation reiates topmethed and systemp &9 PERIPEL s appl i cati ons,
t hese hi gh-end.. ye]s RNV 7] i trolgpar at e room
(e.g., a ser\(}%orh%gg%l 31&‘?%%&%3?%’5%’m%%?%{c?(lg}rlﬁgﬁgggs’tRJeg)grdIgggs of the end
appl i cati on, codiing énespeaddmased upen poveer eypplynioddiatidiempsrasers Sardmpedved power suppl y
unit(s), etc., associated with a conputer system 25 generates heat. Heat is

typically reﬁ%‘\}’étbcl?ef%m“ﬁ% conput er system by one or nore cooling fans
mount ed in cl ose QoMpitens by cdngputeh eysheaatarpextremelly prevalent/imtodagat sensitive

conmponents. Though perform ng.a highly.i rtant. fu ] t he cooling
fans) gerér aﬁ%etgéagg?iceng%regé?f e 5*&69%%1%“@%“5 t gﬂrgﬁh}lgéhﬁlf ring a

rel atively | apmsutérQ9btblighdva fraditibiially Besnategatizedacaitie lowiecheor logid. 30 The
above-descri bed fan-rel ated acoustic noi se pt.ob] er‘r%has h rﬁt of ore been

rel atively | icad, based gpen hagdwasecapahilitios 30¢ PSSHARPHERLON N F R AP EHEY bar ti cul ar
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conput er sysgg%@ﬁﬁ%sﬁ{;“ﬁ%@g}‘@‘g g‘??ﬁo?ﬁa in cl ose&gr oximty to one or
nore users, typputerds) utilingd for rekatively sthudaid.applicatins) such 8HWPIdPrecsssiigue to t he

relatively smal | nunber..and size of int. I r Rers A% @ result, the
acousticaP ndPEad g‘éﬁgf’%‘t“’éﬁmﬁym eﬁlgp?agk\ﬁ-g{éﬁ%gg' (I:‘g?fprgt;}?g(?%syesr? emcooling fan is
vi rtual | y negbingiohll @sedlin axt office ers/ironnanit,| i clasegitoximity tcommgs @F 80Ty st ens ent ai |

| arge coolin ans, and thus el evate i - NQi | s, these

conput er syst%gIl‘Fﬁo “r“@a'ﬂfjr{:r%ﬂvfzvgﬁfgjé%?ngr?g’%g#%%%t%mg%%gg roons or areas

that are sepae@bs ahd RiVamded baRlalAE tirptitess hakingpuachssot dapatslities abledo noi se

associ ated with hi gh-end conputer %}/‘st ns di d not useq usel di sconfort 10

as the user s)oPgiBteEOMBlEX Brograms S a5 Anitg %‘%enb?‘l?}?'?‘ﬁﬂ@ta %®onput er. The

cont i nuedyadv.anGeIRaL: takindsd Spptestms, SheshRERRI Ripeehasteagyrdas bl urred the

di stinction between high-end and | owend conputer systens. In particul ar,

t he har dwar e tymeailp tasated insssparhtgrenmn (fig:.18 SEBELVOPMY J575RH AUt er syst ens has

i nproved to therksgq{'ogtaretahat server technology can be inplenented in 1 S |ess
er

expensi ve and"stai platforns. As a result, the end-users are

i ncreasi ngl'y nor e Regastilessed theendapplicationha elegiropis tpdwaten eNEBE b Ut er s,

otherw se ad | Gat |sQdtated Wit &paRd spp@dhsonal conput ers
in the ordi n}?};’/&%g@r’ gﬁ%ﬁgﬂrﬁ%ﬁ?@)’l n i is ht %f t he above-)(‘jfrscri bed acoustic
noi se | evd s gaaseshicet! Heat isghalin rapovediron theramputessysierybY QRS AT conput er

e 1 S A A s L) o

t he user ose pr 'y to t conputer system Further
exacer bat i ng sefbitse@OmMp&iefitsi Thougk pérfmrmirtgtucitighly pessn furstomtksenent s ent ai |

nore cl osely packed conductors, necessitating use of ; rger cooling
fans and constopiingfag(s) gﬁﬁﬁatﬁﬁ‘ﬁ@“ﬁ\‘iélﬂmﬁn#‘g i scys%%llrgaeﬁ%a?t convent i onal
cool i ng fans REaRly RiREodnk Harg cHiitise casyebmeguiterlend25 run at a const ant
vol tage. The fans _and thejr . at i vol t hat

’I?xﬁ 8P?Vﬁ'éfe?célggﬁ‘rg?'éﬂ{}gde%fo?gu%g'gge ogleﬁlqla?ﬁér%fo?t?

adequat e Br f1low or a conputer system s worst case
cool i ng needspeaheblAREl Ghiited GUENE fRtwotieenvironthdntsin shicKitlee raoesulang f an
automatically runs at a maxi num speed, so that regardl ess of the actual
heat generation, sufficient cooling is always provided. Oten tines,
sufficient cooling 30 can be achieved hith much less air flow Under these
conditions, this neans providing nore air flow) and thus nore acoustic

noi se, than is needed. Sone 2




12 February 2004 cooling fans do provide a neans of ranping up fan speed as
a function of changes in anbient tenperature conditions. However, the
cooling fans are still configured so as to al ways assune a worst case of
operating conditions (or nmaxi mum heat generation). Thu? q¥en %@ﬁfe t he
heat could adequately be 5 renoved at a | ower speed, a ool Ty Y%En' s
thermal ranp will begin at a relatively high speed, such that the airfl ow
and acoustic noise produced by the fan are still significantly greater than
ot herwi se required. Pointedly, where a high-end conputer system otherw se
designed for high performance activities such as network applications, is
being used f orup AR ANS oBBRY 't is Wiy Aowelad eortied sghes althdugh cool i ng

requi renents are signi |gant y | ower ghan the worse case scenario. In
general t er nhormhiepositivheis closd mroximity bmomeonmertesisers, typically izt or) are

operating/ processin t lLower .tha J. Wi o | ess power, and
t hus generat{é’falt‘éé)éé'galg%h?ﬁm%"g‘fetﬁ@?’?%@%@??ﬂﬁgﬁgvyag&%&ause current fan
control net h@ﬁbﬂl@gﬁﬂ@n&m.y,«smeemy_tlmracaxsti'caenoiselﬁmcrewpbyéhq}ﬁ‘é-e% determ ne an
ol sor w1 SRR St soples b R SR dhcorl behg G ©
possibl e to psmpeiSystond eaniladrgé eootinpfang)gnd thns dovatedaboustical BeiEe wi thin a
onand) - P olfveldbrSs camER BV A raSerstiont et e oot & AT el at ed
concern 20 it hitad b5t EORpAYe i SMILBantSR sfsac teecstipr act i ce of
si mul t aneously desi gn;ﬁng_ tglgglpg%\é:gl optiﬁgsg' tirgul }iiig%&aﬁgegﬁ%ﬁgcoﬁllfﬁfor ne
utilizing theoissassockased wit MpeREGLY SRS s b gh- end
pl at f or m,and I I : 2istvio MedomButer, i ty of hardware
corrponentlg a?%‘h\??%ﬁgﬁf’gn?‘td%ﬁ{‘ﬂﬂ%:da‘ﬁ gerﬂgacgﬂyp? atfcc’)!?%]h however, ot her
conponents, for eXhngntnetadvancdmentefshacompnter basdware teshealeey ha%  he past, it
has been necessary tpo desidn and .or oy Aid dosioait sysalsi Mg scheme for
each platfor ﬁfunﬁﬂghet St‘f‘%le()n\%gst o %deﬁgé?ﬁégﬁgr at ?g heat during use (e.
g., the hi ghpemidulpi, diefhardwarndompoimntsradsociated gathSeraeretYPOIREIPREEAL t han t he
| ow-end pl atform not herboard).. Qbyjousl Liop et Plftle ifipRH@Atkd Anal costs and
design time. S IPRIPVEL)Q h@rﬁo’tng@ﬂhscgf%ﬁg?ccgngfnuese@g Sarve. The
resultings NG ndive Rl SRRRS pRoERP Abialrésuit Ahe shidtisers atedhareasiiglfecr ease i n
si ze and cost ha {;ezul teghi nwlszebr ua&%/lwéé)fm uetg;vis%%%t- CSgYOf hi gh- end
conput er sysmmsinckned tawrgdhede REFIORRRNCE § Srettes? Pt in close
proximty to ' i SRIRYhAterS Ybthe Bidirarpo@brikg oper at ed at
oG aprbAORS, blTitn el R EATRY AL o

| ess than ful , ch™that the fan speed and resul%a t acoustic
noi se i s unnecesmament \in lightlof th¥abovsfdsscaibedacqustig naize levels gFPAEPKod and system

of controlli a, C ter cogli.n JtMSs. iR SRIni fgket | oad.
Summary of tEges?mgﬁg?%yﬁ%é&ggggg%gﬁﬁlﬁ%ggmeéent_oal nverf?i.o.n relates to a
met hod ofpgc ordigeehfortificréasesaivhmatigatiyeas tief used ie oow sitting ieeosePrexmity oc| udi ng a
power supply unit. The nethod. 10 ingl udes.sensin f the power
supply unit. the soBipufes systen. ?ﬁ‘ﬁ@?raetxﬁ?eé 34P8 PREORIEE rt%nfig(g\eﬁe‘a(rﬁg%og%%r? is also
sensed. Fi nalJg¥ancamdmdentfiihdrdglotely shekel sohduetbrs) asceshitatiruse bEewsensed power

| oad and the sensed reference tenperature. B ' fan setting on
bot h r ef er end@&8gh Gooking-{prsand Gpustc %’ %’@'ﬁﬁ‘éﬁe"%‘o%%’?%gdﬁ‘gg‘rI;/J}{e'ead, t he net hod

ef fectively m ni miM&scaoetiond cbaing t4ne aabéiatad with dorhputes systerod artng 15 acousti ¢

noi se, when the el ectroni¢c equi nt j s .operating..a full

capaci ty.2% n mpat i}aﬁ’%‘?‘é’l‘%"@ﬁ*‘%ﬂﬁ%@?ﬁ%ﬁﬁ?‘{ tﬁ%{I Ep(% lpﬁb'&faz%%ﬁ %@?e@ee%%aggi ded in which
a plurality ofafa8uagtld Mescodlif is Bedrued foreanmpiensysents wersbmsang based upon
a correlation of power supply |load and refere ge tgﬂn@ rature. | n another
preferred entﬁ?ﬁlquaﬂlﬁém&e@éﬁpﬁﬁﬁ?tereé’&ﬂﬁ%h? § &0 %‘ﬁputer system 20
Anot her aspecyffaithlfy dilf 2R Bnin®iRbe So that Rgdi@itRofithehctoalrtieatol | ing a

conput er system operating under nornmal conditions. Th?@cor’rgu;.er system

i ncl udes a chgenerptionysufficient apolige is Ahwams pravifsd ORemtipes, SPIHATSEPUPE, ¢” sensor, a
cent ral DEQCSSHAcHI wiRHloRIGOR AN Dl (st chhiifors egigtand he co0l i ng  an
is rated to have a maxi mum operational speed that provi %;ss sufficient air
f1 ow cool i ng 6vidingmorhar fewweand shus sroye QfﬁP%‘lci“E‘s%gt@F‘é‘E Ps5Heds 5% raxi mum

avai l abl e power load. Wth this in mnd, the nethod includes sensing a
power |oad of the power supply unit. Asreference air tenperature of the
conputer systemis sensed via the tenperature sensor. Finally, the cooling
fan is operated at |ess than the maxi mum operational speed when the sensed
power load is less than a 30 predeterm ned val ue and the sensed reference
air tenperature is less than a predeterm ned value. Wth this nmethodol ogy,
a high-end conputer can readily 4 12 February 2004




be used in an office environment with mnimal acoustic noise-related user
aggravation, as the cooling fan is effectively prevented fromrunning at a
hi gher than necessary speed. In one preferred enbodi nent, the sensed power

| oad is categorized relative the maxi mum avail abl e po | .oad either a
high load or a 5 low |load. Wth this one preferred enﬁﬁ%?ﬁbéﬁat Q@Sﬁ‘ere t he
sensed power load is designated as a low |oad, the cooling fan is operated
at a |l esser speed as conpared to a speed at the sanme anbient tenperature
but high | oad. Yet another aspect of the present invention relates to a
conput er systemincluding a chassis, a central processing unit, a cooling
fan, a tenpefaf; PURT ir%llﬁl%ﬁ’s i 4.2 fAndtioWef | 0oad sensor, and
a control de{;/o?%l}fggﬁ?%gogrgﬁggéfm%‘rsgces& g uni tﬁé?is di sposed within the
chassis. Thectaagdsiimgmbien ténsperatire conditiods. vilaweverh thechelingifans axggtill enper at ur e
sensor is provided to sense a tenperature of anbient .ai t he chassi s.
The power sufRfigurghsq asita abwgys pssEme 3w ﬁ%caéﬁ%gso?f"? ‘P%?°“8§f\%’é‘°‘r%g the central

Ipr ogessi nﬁ u%imuy}@ap%@mﬁﬁdngzadh@,em?bvhérs rt11ib lﬁatrtbold:adgpiaﬁely‘tzeense a pgwgr

oad on the power supply unit. Finally, t contr eyice is provided to
control a5 spEayvedt atptewirgpeed; %c‘loHi‘%}aPéé'éﬁ’H‘? -rmwﬂlg%@fl a ZV‘P@@ operates the
cool ing fan gshrcktiRGlH @ thd aifflde B ASRGtiAINePRddudédbyttBepanaistiie and t he
sensed power l'oad. Wth this construction, the control device effectively
limts audi bignifieantlygreatsr than etherwise fggHred0 Brief Description of the Drawi ngs
Figure 1 is di ag" AU | Gl _&d QRnabr §sEATBMLMseQuspREbCOr porating a
cooling fan contro c%%/ﬁ%ﬂgl%&r?ﬁggcorcggﬁcer%?th the present_ invention; Figure
2 is a flow Highgerformahdewstivitiesisuh ag netwotkapphidationsnisibeing usrd for I8¥o| i ng 25 fan
in accordance wt he or ' 108 ine Fiadibfents dré signifibaay di agr am
illust raglange%drl:gng?atélP%a id\(%%gg%dn%b%ﬁ?%tgﬂg‘g;éﬂngﬁ% _gtjréel%fi swjé an exenpl ary
| ook- up t abl towes i khewidrie chsesscerstibobh genetaldgrstscthe wdrioup itgspadsent i nvent i on;

and Figure 5 is anaother exenpl.ary | ook- e he nmet hod and
30 syst em of “YPREIFY E’&’tpr?cr?%ﬁtaf%?ﬁm%ﬁlg%ﬁéesg’?ggtrlyé Otg‘lhn t\&{slgl}nltnpti on of the
Pref erred Engneisyanisng lessipbeerf aid thwd gegerate teaser enlowtesafitiegtt i on of t he _
preferred enbodi nents, reference_is mage %d he a corlaan%{l n?iegr awi ngs whi ch
forma part H@f%@_pgtclgrhfcgfs;pprwq?@ﬁcwgro ) Oﬁﬂp% A ?'Io_ LAt i on specific
embodi mengs te 0D td BferhRY SR ASREprIFRYFal Settitiga it k6dilg far speed, i@l be under st ood
that other enbodinents nmay be utilized and structural or Iolgl cal changes
PH?/I be madg wius Huwatugpamq Wil aflwmbph;shgébq.ﬂé_ S@‘i“”?"l*ﬁég neaﬁ‘ieé%‘wgh&th i nvent i f)n. . ;I'_he
ol | owi ng de b1 v QeREwitRi@n in a limting
sense, and t?{%&Iggg%seﬁ%ﬁgPﬁ)&ldgr%%éeeﬁﬁﬁé:g{;%efﬁ?ogn |s§ def i ned by the appended
cl ai ms. Fi gusiagle computert ongtferseacintypé ofdnd applieationdberphigheendapdileth 10 t hat

i npl enents one,embodi nent, of 1 he . o . 1,00 Qipt of

r ef er ence, tﬁléd)cgb%? &t §t§%({p81&1bﬁu§°?§%§ﬁlso%¥%§& d\f\‘/gyA(r)@ﬁgg%dr?rlp e and not of
limtati Qp. WHse iflihe tetexdof doppater mhnufsomret epractics dfsimultaneauslyer _

m cr opr ocessor - based devices can_ benefit 1? from.t.he gres nt. i nventi on.
Even further Zde&lsi@gmnééé‘ﬁ%opmﬂ tﬂl"(ﬁ?"lpgteﬁ@ft ?rf“ish“f‘iﬁi“gcq} ?f%eo_ '_ﬁt er system

but i nstead i §madRhdhaklsGaybolt @Y alghlhl PRIGmESHA NBR0d pREHN)I Ng i nt er nal
cooling via a controlled cooling fan. In a preferred err,baggl nment, however,
the conput er Thg hassis ansl majority of hardveseicqanppentsare Vipylly ifsade %’bﬁag’a
server-type ¢oRRHh&owebe Pihdr Qoipondits Tosqxemple ficafi®Babogd, a2® Wth the above
in mnd, the conputer system 10 typi cal Ié i ncl uges éscrb%im or housing 12,
a power Sdppldifferent.t Inthe Pagt, idis begp necessaryd desien anf Provised ¥ i cr opr ocessor
16, a cool i Ngodifg sdifbmeFor REDSARIrH] Bue6 ReGastAferéiaelingefierated ttat devi ce 22. The
vari ous conponents are described in greater detail below In general terns,
however, t he dotingrenséng.sthe highend platform metherheard gan generatemeore hegb 828 25 12, The
power supply gnit ' i hidfls ARMiohAIRoGoRd Ng fan 18.
The cooling fdgerr}lo‘gf8e,}léf’%&t8ﬁ+ir?§&ei ?ag@tr's Hé?oﬁlg ’Itc%)v ovler thlg CP?J 16 (and/or ot her
conponent s) desigmtimeise. Finally, the control device 22 controls operation
of the cogling fa Psé&‘g YORRo1bEY RhiiRes RIEvEIVOMTiid esud@ahcrddppl y uni t 14
and the ?j(grrperatur&g&]g‘éns I %10 30 % isl know‘wl.in t he %rt, thre_ power supply
unit 14 receiivprcessing gapabiliti¢s| Witharglated decagasy in|size pphgastigps eeiultehip) vol t age and
supplies differing DC (direct 6

3



12 February 2004 current) voltages to a variety of conponents, including
the CPU 16 and the cooling fan 18. Alternatively, the power supply unit 14
can be configured to receive a DC voltage. Regardl ess, the various
conponents electrically connected to the power supply it 14 ce a | oad
on the power supply unit 14 5 during use. To this end, T?h%b%%géﬁsuppl y
unit 14 nust be capable of powering all requisite conponents of the
conmput er system 10, including not only the CPU 16 and the cooling fan 18,
but al so nunerous additional conmponents not otherwise illustrated (e.g.,
hard drive, CD-ROM drive, auxiliary controllers, nenory nodul es, etc.).
During manuf aGL LK G of b -regci &fn?putetr Qﬁtdﬂ%%haﬁdd%&kjb‘lﬁ&denﬂ:ﬁorﬁ&nﬁss sel ected to
have a maxi mum power ["oad capability sufficient to sinultaneously satisfy
the maxi mum gaivius in elgss preximity tonsexss Offentimnds, the QRRMET SHHID KGNS

Al ternativel ddi tiopal .po . | i ic The present

i nventi on naéﬁé’éa%ﬁigaéaﬁ &'ngn r‘@zf\ég%h@’;ﬁﬁéﬂ %%‘m%fagﬂgpi ?/&ﬁrﬁ?itiﬁ%téfg?gt sel ect an
appropri ate ge6lis hebeasaridyehiph. Mherefiore, aurehd existytor metbodend syste@of i ve of the 1 S

power supply unif 14 | oad can.be nopi.tored or by a | oad sensor
(illustra edc‘ﬁ‘éfﬁ]élP&PFﬂ}m%Ht“quf%efﬁ rﬁp?%e p)owerl'—%lﬁglgiog%bl e, the AC input power
to the power supply unit 14 can be sensed and is indicative of a | oad of

tire power supply unit 14. In one particul ar enbodi nent, a neasurenent of
the AC input voltage to the piiamagyefthelnyention ) g proyjided to the control

device 22, and t hgZfiniddBtthe fiésenPRberition kdlestoWaretifidpPbontrolling ald is sensed
(for exanple, by t?’ue Foad sensor 24). The product_ of t%gggl&%g ues

appr oxi mat escadiiog fanefelegstomisrequipment dnalusingra ROWSHIUPPYHn{t. thus the

power supply. | pad. Ve ggv f ;;splg;au OIS fefdtbieP hire 14 can be
based upgﬁ tH‘«gRl %stsﬁl%?r{kpaoé(\%r%}o d?{%@ O\Aéagrsu pply un?i t 14. For_exanple, the
out put cur r epf thé electrdniveqmipment isalppiepsedn Finally a faysetsiag isletermisedy (via, for
exanpl e, the | oad sensor 24) a ' he Mred®yi ce 22. Because
the output vBFFaYRY ef“ﬁ%e% 8%&93%3“%{1@ %ﬁ‘ﬁj%{& |§qEﬁown, % h\g out put power,
and thus t hebadwahe fanaeltingdén idtierefevenee ais teppbrytugednd atwakpowepeupalt er mi ned. To

this end, it i no t .ayail abl e wer. s . ! te an
i nt er nal curll"éaftt %’i“\é‘vﬁﬁ‘i{g}%ﬁ%‘f"i]ﬁ@%ﬁ&&%&rﬁﬁ&%h%héﬂ#{ggag%ﬂﬁ% e power
supply unist ; abdbissic el Whedthidlectrofib aduisindit Ropaating aiées than file control devi ce
22 for estimating power 12 February 2004 sugplri%ploé%. Obg r known
techni ques f 6apagisy-elnang preferisd emBRAimerit;31gok-pp3bly isprayides 1m ﬁ?ab| e.

plurality of fan settings are included, each fan setting being based upon 2

correlation of power supply load and reference temperature. In another preferred

embodiment, the electronic equipment is a computer system.

20 Another aspect of the invention relates to a method of controlling a
computer system operating under normal conditions. The computer system
includes a chassis maintaining a power supply unit, a temperature sensor, a
central processing unit, and a cooling fan. In this regard, the cooling fan is rated
to have a maximum operational speed that provides sufficient air flow/cooling

25  when the power supply unit is operating at a maximum available power load.
With this in mind, the method includes sensing a power load of the power supply
unit. A reference air temperature of the computer system is sensed via the
temperature sensor. Finally, the cooling fan is operated at less than the
maximum operational speed when the sensed power load is less than a

30  predetermined value and the sensed reference air temperature is less than a

predetermined value. With this methodology, a high-end computer can readily

4



The CPU 16 is also of a type comonly known in the art. In a preferred
enbodi nent, the CPU 16 is a high-end m croprocessor capable of performng
network server operations. Notably, the conputer system 10 can be desi gned
as a nultiprocessor (MP), such that two or nore of the1 L{,Sm162@d4e

provi ded. Regardl ess, the CPU 16 generates heat during 't e Phe anount  of
generated heat increasing as the CPU 16 is required to perform nore and/ or
faster operations, thereby placing a | arger |oad on the power supply unit
14. Notably, while the 10 CPU 16 is illustrated as being connected directly
to the power supply unit 14, internmedi ate power conversion conponents)
(e.g., voltage,deaulaie APFAREGHih MiftinadebuiticadRE rdlateeuger ovi ded, as is
known in the art. The cooling fan 18 is of a type known in.the art and
general | y i naggmiatomn asnthe opoliag fanrisieffectivaly prevegied m%“%tag?g oper at es
with a DC vol,tage fromthe i S\eer3d@gsl (or rotation
of the bl adelh?i cc8§sa{yhsgg%bé%?rr1]e39¥\§{]re€ epggggﬂeus%rgsﬁd he vol tage | evel

provi ded to theorpddaelafie thefinamumhaitable poperddad ascitheradughipadPran i ncrease in

supplied voltage. In. referred odi nent , t I fan:l8 is rated to
have a naXi n{ﬂ’ﬂglg ewltgflﬁ%l°‘§?dﬁr’ffg@?éjeq%g’f"°8tf w&?e&glsgrgs?&g mrrll(l?a% oper at i onal
rate at a supRlighaté@hd AW 164d, the\cobling farGk operatedata lessérespedd@sconf i gurati ons are
equal |y acceptable. Al so, additional coo mgﬁfﬁnzﬁ%ﬁ c(ﬁn be provided and
strat egi cal | gorprased tp @rsaepdiabthe syne yptient tprRBre Rt %4he conputer system

10. The tenperat Uy 236M&Uspetof the fresedt inyddCiorKRités to B computarsystamd i s
configured to sense a reference tenperature of the gr%gg#ér%r system 10. In

one pref er r eichging Fshassiseiientral FEOCESSIAE Rl fogling dars 4.t confi gured and
posi tiongg t n L) Gl a30REABid sthsor, hBIP Esntiovasvicel Taer at the

chassi s ?g (g‘?%&,j&not ri%plﬂ’%ir'ﬁlgﬁta ring the chassis 12). Alternatively, the
t enperat ure semabpro@8singwmitie dispased Withie the shaseitvh Ehecophingfah1st he chassis 12

such as adj acent. tgg}gt{lﬂie%ggﬁ%gt Et%@ﬁtu@s%ns%?g Svidd tQkdasE a | Nt er nal
: hper a

conponent . RAYFSFAE Fé sensor provi des 30 information

i ndi cative Ofenipefihirt of@hbiére ajpat tht diassip Flmipower supply uhit isconpled ©r syst em 10.
12 February 2004 Finally, .the control device i r a

pr ogr anmabl etlt?dﬁlifstsﬁlr}?' %ésmﬁlaﬁ?“éfa{?‘&eé%?ﬁ‘%’%r %glﬁﬁvé ilggndes(% %ﬁe cooling fan
18, and 13 PRrdvidel tddendeiepowiet dad 3Hthe pasadupiipunit. rfinallyathe oontyl ovi ded from
t he power supply unit 14 and the te ratur ensor, 20. | 1eral terns,
the control devifeis pooyided i Gogtel %qpp@:ﬂ%lﬁpe&g% l?’f@? re@%‘zgné’!eéo%t{})tl g%?%‘l stor)
formatted to ggé(r@ie%’ﬁfe%& fPAG fhctioh 8f O VRSedaHBRNYait Rmperdtireand t he _
reference tenperature provided by the tenperature sensqr 20, and determ ne

a preferred olpesenseil podr leask (Withythisrconsirugtions the entrad 8evissgtiectiyelys.  Based upon
this evaluation, t ontrol devi 22 initiates or regul ates the voltage
applied to tﬁ‘émté%‘?ﬁﬁgmfngﬁeh?%%ﬁ'he power supply unit 14 to a
corresporpgi ng 10 level. To this end, the control device 22 can store or

ot herwi se be programed, vi ro rt' at o l];él'i for exanple, to include a
| ook-up table having preferM for different sensed

tenperatures and pEoRS1 i daplayhniadaillstration ofyecontpetenbygtem inearporating det er i ni ng
a preferred fan setting based upon sen . .and power supply
| oad, etc. Pragio8 ﬂnf"gﬁrl??%‘b"cféfg?cg%r I}ng'%gtth%@%%?tﬁfé%ﬁ?%’gr eater detail

bel ow. Figure 2 is a flow diagram illustrating a method of controlling a cooling

25  fan in accordance with the present invention;

Figure 3 is a flow diagram illustrating an alternative control method; and
Figure 4 is a an exemplary look-up table useful with the method and

system of the present invention; and

Figure 5 is another exemplary look-up table useful with the method and

30 system of the present invention.



One nmethod of controlling operation of the cooling fan 18 in accordance
with the present invention is illustrated by the flow diagramof Figure 2.
Begi nning at step 40, the conputer system 10 operates under nornal
conditions. That is to say, the conputer system 10 is al | i ng used
by a user, and is 20 not in a reduced power consunpti oﬁfh%ﬁ%ar{%&g., a

st and- by node, a sleep node, a suspend node, ete.). During operation of the
conput er system 10, a critical tenperature is sensed at step 42. In
particular, with reference to the one enbodi nent of Figure 1, the control
device 22 receives information fromthe tenperature sensor 20. Once again,
the sensed tenperature can be anbient air 25 tenperature entering or within
the chassis 12, a tenperature at specific conponent such as the CPU 16,
etc. Regardl ess, the | oXeseyiptionef theRreferned ¥mbodiments 4 | s sensed at step 44.
For exanple, the J| curr . i ; I HoinRHisput current of

t he power supply l:ﬁﬁetu&&?lw’fl%%s&eﬂneggés v&on?%é&lpégg&%ﬁ%or 24{525 previ ously
descri bed. 3gfaférch istrhale seths actompayégatrawingsavhdchofome p part ppresf, #1ad val ues in
hand, the contrql device 22 determ nes a.s L{ q oling fan 18 at
step 46. Unl faogugis Swg’éwaﬁg?i}ﬁ%lﬁné%eﬁlvﬁ nﬁ%d% nftsg%lr‘l{hrtbglltﬁés)cherres that rely

sol el'y upon tREmRhaaybe practiédC 0as io't@ uhddistset thitruthes enbadireents mayaccor dance
with the present invention is a function of botdh tﬁqﬁ rature and power
suppl y | oad. bamtilizedandstrucinze) pslogica] changesanay, by fopde yspe gq? N8setting accounts

for the compyiRlins¥ahe ilprbRfSinitntion PEedbliovgngdetdiled destdigtionf ul | capaci ty,
and thus requiring less air flow to achieve suffici ?rz]ltée cooling. For

exanpl e, whethsrefore, is aetsabeteakeniaadimiting seaseandithpsoenf PT MERIGEN.  yhe conput er
bei ng usgg t ol iag QaRgshia@, the various internal conponents
are operg ingwglgm ess 1??1%%%" capaci ti/ and thus generating |l ess than a
maxi mum anmount of Figemtl. illidéptes o biesk fproma computee sstem &rﬁbﬂéﬁ?l"’i“éﬁberat ure, the

met hod 10 and S%i’%ﬁ?’&%ﬁ%p%?’g{f‘e‘a’?‘{']%‘d%mVgﬁé‘gﬂt e fifdeClichfpdtiat the

cooling fan P& ower Speed as conpared to maxi num
cool i ng needsystes 1@isisBewtl By, wiyesf sxampieaidinot ofdimtations Manyediffered. As previously

described, this determ nation c be. made wi t | ook- up

tabl ) al gor itASHEL cogputer ﬁSF‘FHFI°§/$t?‘5&m’§{°8f)°°ﬁs§?r'l{;ﬁ£ef%g%ﬁ%ﬁbéﬂe%\t}?ce 22 pronpts
oper at i onsof ﬁtomhsPﬂkénﬂmv&ﬁoﬁ.anvea&mﬂ&r,aweﬁmmmis nptignitkdttea mi ned f an
setting. For exanple, the fan setting can be a voltage |evel .applied to the
not or 30. Notcainpyter systeray bug gstepdis aP@%g‘?JF goany glegtegnic Wﬁtﬁgqugé"r%p be

| ncor porat ed g b Iyst Gt RBdash, oh alphderRidemOlimepyent i on. For
exanpl e, one or nore Itironal tenpéerature sensors can b% gr ovided within
the chassis hawees dghedompyter sistermb) is 8 high<$nd comepwsay |erg PEEIIRPYY Af or mat i on to
the control device 22. |In on refesr tjgent, a tenperature sensor is
provi ded at, SS’WCR"HP%‘@"P&H“E& cflgar r?eogh%ltsﬁ%g?’%g%h%gu'la The control device 22
recei ves Jphi s i nf Withthé sbove mmind, shepoogutensystemt16 typieslly includesaiet er mi ned CPU
maxi mum tenperature lim If it is,determn CPU 16

t enper at ur e ék?:sé’é(fféh?“ﬁingtlM?Wﬁ‘?qp?m‘Y%tq?haece\g/tg?lﬁ’g%éss&%?ﬁ?ﬁ% an 25 control
steps are ovehikioffR&soraBda tdvEing Ral 1B Ntefperathfe seasop2®rapd edontwl operate at its
hi ghest setting/rate until the CPU 16 {enperat ur I t he maxi num
limt. Wile deRge %o%—véﬁgﬁwwweﬂﬁ?ﬁo%ﬁﬁqg’&@migﬁf&?%g%tggﬁgp‘gt ?‘¥1Vct t enper ature

and power supphefalltaRdl, RARSEN the CRRpGHES 14-22 bitandiaainetbyichis the amssinst ead be 30

conti nual | noni tored. For exanple, with refer t he f.l ow di agram
shown 2 12. The power supply unit Wsupplies power to the C%J?.F FG and t}'le cooimg an 9

18. The cooling fan 18, in turn, directs air flow over the CPU 16 (and/or other

components) during use. Finally, the control device 22 controls operation of the
cooling fan 18 based upon information from the power supply unit 14 and the

temperature sensor 20.
30 As is known in the art, the power supply unit 14 receives an externally

applied AC (alternating current) voltage and supplies differing DC (direct

6



in Figure 3, an alternative nethod in accordance with the present invention
10 12 February 2004 begins at step 60 whereby the conputer system 10
operat es under normal conditions, as previously described. A tenperature of
the conputer system 10 is continually nonitored by the trol vi ce at
step 62. In a preferred enbodi nent, the nonitor terrperéfg%éuﬁr%zgﬁ anbi ent
air tenperature at the chassis 12, as signaled by the tenperature sensor
20. Sinmultaneously, at step 64, the |oad of the power supply unit 14 is
continually nonitored. The power supply load is categorized relative to a
maxi mum avai | abl e power | oad of the power supply unit 14 at step 66. In
effect, this ' r '5}{1';5& t POW8andthepl y unit 14, and
t hus t he conf)d%eg‘gvggz}s@ée{r%sal\%?%ﬁgﬂ;s opgﬁﬁcgnagttmﬁ? near full capacity (and
thus at a hi ggolihgfe)8oAltamativelye the @owersupply umbl4 eandbaspriigured tdne preferred

enbodi ment, the acfual power s ly Lo Lzed as a "high"
load if the EFGV%‘?&t’gp"ﬁpgge\rﬂg(@fﬁa#@&g%gﬁrgog’s fQ’ %&%%‘%@%X maxi mum avai | abl e
pover |oad; @génnddedto theptivet @pplyiuhittlh plaveakad onlthepawer sipplylugit Idad i s equal

to or less than 50% of the X1 mum avai | ahl e wer |.qa . course, any
number of5p09\)é‘ﬂng§{§ﬁ%1‘}/ﬂlsc?&ﬁ’t %?%’&6?‘?"@3 %‘?‘qﬁé‘?‘%g'ﬁet? %ﬁ? g‘i‘%otqiefle to maxi mum

| oad can be iRl gERIdoRPoketsdf the dingliter dyoasl 10} inblGdidg B8bonfy the€PHum avai | abl e
power |oad, "mediunt |oad at 33-66% of maxjijpum avail abl e power |oad, and

"I ow' | oad atl6pedibe copling SmokSobut 3EQ DRACH HopA! SomRRBETES P d: etc.). In
parti cul ar, ghnestighiiftach (e C iiile, COROM &, diskilibg@sntditers) enper at ure and
¢ 0

20 power |oad categori zat| to deternmine an _appropriate Ian.setti ng. For
exanpl e, t he meowtyoddulte)dicl Duingamanpfactare, therefore, SRARANST SUPBFMtyt i | ze an

appropri E}Pe f Qristn%éieabd BliGve 3 &Qxi{jﬁ}é,?'ogiﬁng%&téﬁsag@p sSEkienttg. Regardl ess, the

selected Tan'sétting I's a tunctl tenperature and the power | oad
under which kingiltageopdly mtiss'memim&nipswwcq@nmwneqdepﬁ%uP@Yﬂqﬂi nally, at step

70, the control device, 22 25 pr ts the ¢ na f viggqoperate at the
sel ect ed fan SQBPYIEH. &tmwglyp?@q@@é’awgﬁg&g*‘rertcfigpggﬂ%exar'rpl e, the
det ermi ned fan sefhé pigsehindention inalgs uscofladoatltheysbweo supply wittl¥rto 30. I n this

case, the control device 22 dictates that chge sel et%te . vtovlet age I's applied.
Cat egor i zi ng Selpet ap apryepriafrspelingfan 3ape AU BHPPEST BUFRLCRaXT num

15  power supply unit 14 load can be monitored or sensed by a load sensor

(illustrated generally at 24 in Figure 1). For example, the AC input power to the

power supply unit 14 can be sensed and is indicative of a load of the power
supply unit 14. In one particular embodiment, a measurement of the AC input
voltage to the power supply unit 14 is provided to the control device 22, and the
20  input current to the power supply unit 14 is sensed (for example, by the load
sensor 24). The product of these values approximates the input power to the
power supply unit 14, and thus the power supply load. Conversely, a load of the
power supply unit 14 can be based upon the output power of the power supply
unit 14. For example, the output current from the power supply unit 14 can be
25  sensed (via, for example, the load sensor 24) and signaled to the control device
22. Because the output voltage of the power supply unit 14 is known, the output
power, and thus the power load, of the power supply unit 14 can be determined.
To this end, it is known that available power supply units generate an internal
current signal that is proportional to the load on the power supply unit; this

30 internal signal can be provided to the control device 22 for estimating power



30 avail able power |oad allows the control device 22 to effectively account
for a high-end conputer operating at a |lowend | evel when determ ning an
appropriate 11 12 February 2004 cooling fan setting. As a further

advant age, the system and nethod is effectively uni vers dﬂ: to a&y(mpartl cul ar
platformin that specific or absolute power supply |oa are not
utilized as set points or thresholds. That is to say, by control ling the
cooling fan 18 as a function of actual power load relative to a 5 maxi num
power | oad, the nethod and system of the present invention can be
universally applied to a variety of different conputer systens/platforns,
regar dl ess Qfy, 10§ 3HN Bkhef RABUH EMhRHETSdeBEminkigios estiapatiag Rad srealsdi st i nct
advant age oveP grl or art cooling fan control schemes that are platform
speci fic. Asacpspembleous|y descri bed, and in accordance with one preferred

met hod 10 the pr e ntig h 2 a | ook-up
table to ascertai g%d{)é oﬁ??fgdt@?%rqﬁ’g&%}{l hggglase u%‘oﬁﬁ?%ﬁpxirature and
power suppl yerﬂhbaldlenﬂ, ﬂxetdl’lUlensgaugh enﬁmommsmrwawegfm@r@wanpl e of an

accept abl table. Wt xan gl timately
sel ect ed Sﬁy ﬁ‘é“’ég ¥ SPAN e g %‘giyf tshgl nn@ ng&gﬁlg%\}loi Spl ied to the
mot or 30 f ora mukip@kesser (MVR), shéh ﬂnrmogmmecbdfmhel@ldﬂplsﬁratewdtdc@\ voltage in the

e’ measur edtreggirsyine G0 I ainel pot i vl oy oL R ‘fé&t%spre.e{“hifd >

"high" (i. e.jncredsinkQiQ the@SPUMRK s TFetfired @ pefbinempre\aed/ot fasteh) operatiohspw’ (i . e., |ess
than 51% of maxi mum avai l abl e power |oad). Finall he .r.ef erence
t enper at ur e theraleplagieg 4 laeger lopderihe powes SePRELHS My ﬂ’i‘bl“fhi‘lfp’é’s of the 20 fan

B vlatiye LPudR i AINGR 2blind SHRKIAHER Y indbbutiiapphanPls 12, WiN {he
n O

above in m up t e provides an appropriate fan settl ng (or
vol t age) formmc@lspwvm%eomwntcemp@wm(&)t(es vcdtagmghlats’r mog@atqgh | oad and

| ow | oad operati the | ook-up table accounts
for the fact® atnﬁgﬁﬂ%%aﬁ?%éﬂo%ﬁ@%\eé ﬂl X%ﬁm cool ing fan 18 can Buff ciently
cool 25 requisi tertmmnqﬂmgémkiiwaatypebrmwpuné\eag)aséewmﬂywwaas the CPU 16)

at hi gher anbient a supply | oad
with a simn|Bpof 3%3’5&{3958‘3?%% @or E)e\\?vquy et?c%l&?e g&% pur suant
to the | 9ok- piver aliph @it 1l qqk@p&d(&%mmdf@wwmdzpmhmuomg fahhe cool i ng

fan 18 can be nmaintained at the | owest |evel of n anbi ent
ai r tenper at U deperdsapen thayeliags develprovided t%é‘efg’t%381 \i‘ggs 3&??3&?1’5 at an 8 volt

level at te%ﬁeﬁymﬁah&c%%% pliedRfagdlmh B retfdiiﬁdlamgtsudnaa,cthoperatlon Veer e
t he actual power sup oad not taken into éz%% 2004 account

(as with tragnotmz)faallgcsmtemh@énmgumtm@aéaﬂﬂttﬁe foul d
automat i cal | v, gyg%ti&ﬁﬁra&oﬂhe Z}t@d"tagoft()ovoft@eo&o\i%uotk@Vm as soon as the

anbi ent air tenp re excee course, an increase in voltage (or
fan speed) cwnﬁgmpmnﬂarmquhwachpmblee@é@ additiopal geeling fansil8ganbes such, t he
met hod of the 5. rmt fcto operate at
a | ower speeﬂro("%iiﬁ teﬁ”?@(/\%‘ts&z% ?Oé%trlt%{%g)gﬁ)lgg%/ng% F]Agut " or emat ur el y
swi t chi ng tosﬁtelm gher speed when the corrputer system 10 is operating at

| ess than full aci t via analy he g supply unit
14). 1t shoul d be b ierm ?é%‘&f"“ﬁsﬂ%\% g 888&“ d‘ﬁ“f’ a%nan?hsle:‘i E4 is nerely
10 exenpl ary¢o s%ﬁiew&bfe%ﬁw&mpaawdfohmnmetemydteﬁxaw slpembtvfstrpdage settings
are deternm ned, o ndi vi dual sys b Si i vary from

pl at f orm2fo ﬁ‘l"ﬁ‘t‘ﬂ‘B ﬁ?F’P&fﬁ%‘ﬁ%ﬁ"#’f%@é“a Lﬁ)“gn an 3%%1‘?&{5;{9?30 % he” conput er
system 10 C0Gﬁﬁkﬁﬁﬁh&mthﬂ@cnv;ﬁfdnﬁasmxea‘fpmﬁhssrsazwgewhhlhdrexmrures can be
altered. Further, the |Iook-up table can be m)rg0 Iex and i nclude fan

settings for theighassis dp). 1@t@Fﬂ?P§elbdb€etFmB"tﬁmeﬁe‘P58 68?‘?’ of operation.

Al ternativel ¥tf Wi %ﬁﬁ%ﬂt@@his?ipllfs&ﬁ'as thac%htrmlof inl BfkactivAth thxepyl e, as shown
in Figure 5. he sensed tenperature an ower | oad are essentl ally

cat egori zed ilfivootberdntefna¥ epmporgnh dRegardiess, \ﬁb"ttﬁm@e&%tﬁrecfﬁ%ﬁﬂ}: A Providsy esent i ng a
di ff er entyof an,§ahlibd@dicddvebfth §rlﬁ<ﬁg@ﬁlgcram%a%{e% of atomputef whet her the

act ual arrbl ent 20 terrperature i's " "“high", as well as whether the
actual power systemil@.s " ow' or "hi gh , |s system speC| fic. Regardless, the
fan setting dictated by the | ook-up table of Figure 5 is a function of both
tenperature and power supply load. Thys, the Look-up table represents a

correlation of tenperature and power supply load relative to appropriate
cooling fan speeds. 25 The nmethod and system of the present invention

provi des a marked i nprovenent over previous designs. In particular, control
over a conmputer systemcooling fan is based upon both tenperature and power
supply load. As a result, the selected cooling fan speed is mnimzed,
thereby minimzing resulting acoustic noise. This is particularly useful



30 systenms being utilized for Iowend applications in "standard" office
environnents. A single cooling systemis able to support both high-end 13
12 February 2004 applications and | owend applications w thout requiring
two separate sets of hardware/fans otherw se needed to;R&y, re
stringent acoustic signature targets for the | owend application. Al though
the present invention has been described with reference to preferred

enbodi ments, workers skilled in the art will recognize that changes can be
made in form and detall wi t hout departing fromthe spirit and scope of the
present invention. VWHAT IS CLAIMED | S: 12 February 2004 1. A nethod of

controlling a CO?P%IEQ tﬁeac'an@él dBYGCLY i PreferddBid l&agahmﬁblerceﬂtrdﬂgr under nor nal

conditions, the electrical equipnent including power pp un|t t he
met hod conpreosfiguged te eorgioh gpeaatmwé thelceeling &mn 18, @%M‘%‘Gﬂg‘f’ sensing a

var abl o spadubrah eB it Py il KGf AL B R w14 AELE, S'eﬂgeé‘ povier
:c 8?? ] gl d . E) h Qc.:rlﬁﬁst:?égﬁﬂ SERbEL(E M @erefT BN ther ®ntr<ﬂ deﬂihezzmlhdes cgbuitty ai m 1,
HBX|nun1évgPﬁ%B?%%ﬂﬁﬁgF"%%%é%éP%Fﬁgmﬁﬁaﬁaeg‘EO yfﬂﬁ%%gmg%hﬁkgvﬁeiﬁog of
f'hal m 2, \é\hﬂfnﬁl 18 a6@ R GekeAdengnidiauR pratdd pp tierterhmaatutieseisox2®s anksi gnat i ng
© sense pd%}/t\aen{nn!: (a)%gefg?ed%pprlagonal soe%glg %g rate J)fqg\é éo%ﬁx(ljg' fan 18. Based
upon this evaluation, the control device 22 initiates or regulates the voltage
applied to the cooling fan 18 from the power supply unit 14 to a corresponding
10 level. To this end, the control device 22 can store or otherwise be programmed,
via appropriate firmware for example, to include a look-up table having
preferred fan setting values for different sensed temperatures and power supply
loads, to operate algorithms for determining a preferred fan setting based upon
sensed temperature and power supply load, etc. Preferred look-up tables are
15  described in greater detail below.
One method of controlling operation of the cooling fan 18 in accordance
with the present invention is illustrated by the flow diagram of Figure 2.
Beginning at step 40, the computer system 10 operates under normal conditions.
That is to say, the computer system 10 is actually being used by a user, and is
20  not in a reduced power consumption mode (e.g., a stand-by mode, a sleep mode,
a suspend mode, etc.). During operation of the computer system 10, a critical
temperature is sensed at step 42. In particular, with reference to the one
embodiment of Figure 1, the control device 22 receives information from the
temperature sensor 20. Once again, the sensed temperature can be ambient air
25  temperature entering or within the chassis 12, a temperature at specific
component such as the CPU 16, etc. Regardless, the load of the power supply
unit 14 is sensed at step 44. For example, the input current (either AC or DC) or
DC output current of the power supply unit 14 is sensed via the load sensor 24 as
previously described.
30 With the sensed temperature and power supply load values in hand, the

control device 22 determines a setting for the cooling fan 18 at step 46. Unlike



4. The nmethod of claim3, wherein the lowload is characterized as being

| ess than 51% of the nmaxi mum avail abl e power [ oad. 5. The nethod of claim
1, further conprising: establishing a | ook-up table including a plurality
of fan settings each based upon a correlation of power SH I &&ﬁd and
reference tenperature. 6. The nmethod of claims5, mhere}n %ﬁﬁ%#rn ning a fan
setting includes referring to the |ook-up table. 7. The method of claimS5,
wherein the | ook-up table includes a first set of fan settings for
different reference tenperatures when the sensed power load is at a first
Level, and a aﬁcond set of fan settings for different reference

enper at ures en the sSe ' 15 12
February 20(?_53n gorﬁg?%irgpsgpg%ﬁg%%& &%ﬁ};*@g?@moﬁ%g@ﬂéﬁg garn ating the
cool i ng fan seftingcéletedan eomiahdt withathelpresenninvendor sra femttion nfbotl. The net hod of

claim11, wherein sensing a power |oad includes sensin cyrrent at the
power suppl f"ﬂ?ﬁ"ﬂ“"f&i PIHE Sﬁ@%{%‘!" ﬁ°@|?é?ﬁﬁ‘fﬁywﬁ%$°3‘f'ﬂ‘%t°§§°°ﬁ‘é‘ﬁer ence air
tenperat ure g seifhgHdEuBidiforthé confuRe Eydter! ) pobsibly bperatimpi dodeds thincl ai m 1,

wherein sensing a power |oad includes nonitqring_the power | oad of the
power suppl yiull garacity, apd thus repeiring Jessag; fovda aeicrg sutficiep e FPbnperat ure

| ncl udes MO\ dhe LSS Wfsferh PR LR, scbr-tyBeeosiplibrod of clai m 1,

wherein the el trica equipnent is a conputer system 13. A method of
control | i ng keingowpitodp simple wond ppesessingnige varinus intsAhEPMBASHS ff%ns, t he

computer syShEMPRhudYad o Ghass i B Bl e tuQRiiagaD! Y uni L, o

t enperature NSO cen cessing unit, and a cooling fan, the
cool i ng fan amduatioftheath Depermlingapomthesensed ambient sdmpsyasere, the methpght hod

conprisi - a?n%@?s!tgrg of thE PrSent 1n98fio? ];na§' R&erBBY¥Shat THEUObNng Bk 18 can be

operated at a lower speed as compared to maximum cooling needs. Asa result,

less acoustic noise is generated. As previously described, this determination can
be made with reference to a look-up table, algorithms, etc.
Finally, at step 48, the control device 22 prompts operation of the cooling
15  fan 18 in accordance with the determined fan setting. For example, the fan
setting can be a voltage level applied to the motor 30. Notably, other control
features and/or functions can be incorporated into the system and method of the
present invention. For example, one or more additional temperature sensors can
be provided within the chassis 12, signaling internal chassis temperature
20  information to the control device 22. In one preferred embodiment, a
temperature sensor is provided at, or integrally formed within, the CPU 16. The
control device 22 receives this information, and is programmed to store a
predetermined CPU maximum temperature limit. If it is determined that the
actual CPU 16 temperature exceeds this maximum limit, the various cooling fan
25  control steps are overridden, and the cooling fan 18 is prompted to operate at its
highest setting/rate until the CPU 16 temperature drops below the maximum
limit.
While the above-described methodology indicates distinct temperature
and power supply load sensing operations, the parameters can instead be
30 continually monitored. For example, with reference to the flow diagram shown

in Figure 3, an alternative method in accordance with the present invention

10



sensing a reference tenperature of the conputer systemwth the tenperature
sensor; and operating the cooling fan at |ess than the naxi mum operati onal
speed when the sensed power load is | ess than a predeterm ned val ue and the

sensed reference tenperature is |ess than a predeterm val u
February 2004 14. The nmethod of claim 13, further corrppﬁgb @at egori zi ng

the sensed power load relative to a maxi num avail able power Ioad of the
power supply unit. 15. The nethod of claim 14, wherein categorizing the
sensed power |oad includes designating the sensed power |oad as a high | oad
or a lowload. 16. The nethod of claim 13, wherein operating the cooling

fan includes deter n d I
t he sensed fbgglg?%t g‘g'ygl&e b ﬁ{egrcgﬁhétgmit%nggé*%lﬁ%dgggﬁlﬁgl mpg\gerfu(r)?ﬂe?nd
conpri si ng: C@ﬁdlﬁ@islﬁfprﬂ@nﬁlykbﬁklbﬂp Ambiperahméﬁmﬁv mmtepbﬂtﬁl 18 of fan

settings each based upon rrel on of d reference
t emper at ure. Coi@uaﬁ}’ E‘Bﬁ‘l‘fﬂﬁ vt ?%qngﬁf‘kﬁﬁf)?t 88% §ﬁegsr§e?8 a central
processi ng UibodifiRht) i@ intAdotihpdratuieiCarcdmtsient 81;r tempemlre aghé an associ at ed

with the chassis; a tenperature f
of ' the. cHiasssssd Zpnatnaish b CFRaELHBrEAD: STREnRRUEr ST EE LOMRr ng t he

central pr OGfie ﬁ)h&]gf tH@b(’iwer supply unit 14 is continually monitored.

The power supply load is categorized relative to a maximum available
power load of the power supply unit 14 at step 66. In effect, this step entails
determining whether the power supply unit 14, and thus the computer system 10,

10 s operating at or near full capacity (and thus at a high load) or at a lesser level.
For example, in one preferred embodiment, the actual power supply load can be
categorized as a “high” load if the power supply load is greater than 50% of the
maximum available power load; or as a “low” load if the measured power supply
load is equal to or less than 50% of the maximum available power load. Of

15  course, any number of power supply load categories or percentage relative to
maximum load can be implemented (e.g., “high” load at 66-100% of maximum
available power load, “medium” load at 33-66% of maximum available power
load, and “low” load at less than 33% of maximum available power load; etc.).

In particular, at step 68, the control device 22 utilizes the temperature and

20  power load categorization to determine an appropriate fan setting. For example,
the control device 22 can refer to a look-up table, utilize an appropriate formula,
etc., to determine the fan setting. Regardless, the selected fan setting is a
function of both temperature and the power load under which the computer
system 10 is currently operating. Finally, at step 70, the control device 22

25  prompts the cooling fan 18 to operate at the selected fan setting. In one
preferred embodiment, for example, the determined fan setting is a voltage to be
applied to the motor 30. In this case, the control device 22 dictates that the
selected voltage is applied.

Categorizing the actual power supply load relative to the maximum

30  available power load allows the control device 22 to effectively account for a

high-end computer operating at a low-end level when determining an appropriate

11



a | oad sensor for sensing a power |oad of the power supply unit; and a
control device for controlling a speed of the cooling fan upon éctivation
t hereof by selecting a desired fan speed froma plurality of avail able
speeds as a function of sensed anbient air tenperature Qsed power
| oad during normal operation of the conputer system 15?ﬁ$ he conputer
system of claim 18, wherein the control device includes a nenory storing a
| ook-up table having a plurality of fan settings each based on a
correlation of power |oad and anmbient air tenperature. 17 12 February
2004 20. The conputer system of claim 18, wherein the control device is

capabl e of cafeq loa%ehi}% .AE% fﬁﬁﬁb?%&'vaﬁﬁ&@'ihe s96n bRl Méthocis effectivetpxi mum

avai l abl e pome e power unit, the control, device
est abl i shi ngmivetsae any panualﬂm@dltmem thdﬁép@éic@gébspé%“opwwpllyoad is less than

gr g(rj:?g ﬁ{ nmelgaeceéxral gr%fgtn Nth sen?)em S %EWF\ET %é%klur e i }SNlmeils t han a
{1 g;/rV&ltlg/ Ngrr{ WG 7t{<1e8 gogoh?g fan 18 as a function of actual power load relat1ve toa
Jcalca UTA M&@Peyf@aidggliééﬁ‘%]%&%% gil}ecpélsegt] ifithfiodaidb el "al cal cal ca
universally applied to a variety of different computer systems/platforms,
regardless of internal components/modules. This represents a distinct advantage
over prior art cooling fan control schemes that are platform specific.

As previously described, and in accordance with one preferred method

10  the present invention, the control device 22 employs a look-up table to ascertain
an appropriate fan setting based upon temperature and power supply load. In
this regard, Figure 4 provides one example of an acceptable look-up table. With
this example, the fan setting ultimately selected by the control device 22 is in
terms of a voltage applied to the motor 30 for a cooling fan 18 configured to

15  operate at a voltage in the range of 6-12 volts. Further, the look-up table of
Figure 4 is premised on the measured load of the power supply unit being
categorized as either “high” (i.¢., 51-100% of maximum available power load) or
“low” (i.e., less than 51% of maximum available power load). Finally, the
reference temperature ranges reflect predetermined cooling capabilities of the

20  fan 18 relative to an ambient air temperature within the chassis 12.

With the above in mind, the look-up table provides an appropriate fan
setting (or voltage) for various reference temperatures for both of the high load
and low load operating conditions. In this regard, the look-up table accounts for
the fact that at lower power loads, the cooling fan 18 can sufficiently cool

25  requisite components of the computer system 10 (such as the CPU 16) at higher
ambient air temperatures as compared to a high power supply load with a similar
fan setting (and thus air flow rate). For example, pursuant to the look-up table of
Figure 4, during low load operation, the cooling fan 18 can be maintained at the
lowest level of 6 volts up to an ambient air temperature of 25°C, whereas the fan

30 18 will be operated at an 8 volt level at temperatures in excess of 22°C during

the high load operation. Were the actual power supply load not taken into

12
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z10%0 & ()- 9 t%%_ﬁ‘;r&ﬂ:i%%%;eg?q 22°C, Of course, an increase in voltage (or fan speed)
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thus a lower acoustic noise level) without prematurely switching to a higher
speed when the computer system 10 is operating at less than full capacity (via
analysis of the load on the power supply unit 14).

It should be understood that the look-up table of Figure 4 is merely

10  exemplary. Actual acoustic performance and fan speed voltage settings are
determined on an individual system design basis and will vary from platform to
platform. For example, based upon an analysis of the computer system 10
components, the various temperature threshold values can be aftered. Further,
the look-up table can be more complex, and include fan settings for three or

15  more power supply load categories of operation.

Alternatively, the look-up table can be simplified, for example, as shown
in Figure 5. The sensed temperature and power load are essentially categorized
into one of four quadrants, with each quadrant representing a different fan
setting. In this regard, the determination of whether the actual ambient

20  temperature is “low” or “high”, as well as whether the actual power load is
“low” or “high”, is system specific. Regardless, the fan setting dictated by the
look-up table of Figure 5 is a function of both temperature and power supply
load. Thus, the look-up table represents a correlation of temperature and power
supply load relative to appropriate cooling fan speeds.

25 The method and system of the present invention provides a marked
improvement over previous designs. In particular, control over a computer
system cooling fan is based upon both temperature and power supply load. Asa
result, the selected cooling fan speed is minimized, thereby minimizing resulting
acoustic noise. This is particularly useful for high-end, server-type computer

30  systems being utilized for low-end applications in “standard” office

environments. A single cooling system is able to support both high-end

13
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applications and low-end applications without requiring two separate sets of
hardware/fans otherwise needed to meet the more stringent acoustic signature

targets for the low-end application.
Although the present invention has been described with reference to

5  preferred embodiments, workers skilled in the art will recognize that changes

can be made in form and detail without departing from the spirit and scope of the

present invention.
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2, The method of claim 1, further comprising:
categorizing the sensed power load relative to a maximum available

power load of the power supply unit.

3. The method of claim 2, wherein categorizing the sensed power load

includes designating the sensed power load as a high load or a low load.

4, The method of claim 3, wherein the low load is characterized as being

less than 51% of the maximum available power load.

5. The method of claim 1, further comprising:
establishing a look-up table including a plurality of fan settings each

based upon a correlation of power supply load and reference temperature.

6. The method of claim 5, wherein determining a fan setting includes

referring to the look-up table.

7. The method of claim 5, wherein the look-up table includes a first set of
fan settings for different reference temperatures when the sensed power load is at
a first level, and a second set of fan settings for different reference temperatures

when the sensed power load is at a second level.
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9. The method of claim 1, wherein sensing a power load includes sensing a

current at the power supply unit.

10.  The method of claim 1, wherein the reference air temperature is an

ambient air temperature.

11.  The method of claim 1, wherein sensing a power load includes
monitoring the power load of the power supply unit, and further wherein sensing

a reference temperature includes monitoring the reference temperature.

12. The method of claim 1, wherein the electrical equipment is a computer

system.

13. A method of controlling a computer system operating under normal
conditions, the computer system including a chassis maintaining a power supply
unit, a temperature sensor, a central processing unit, and a cooling fan, the
cooling fan rated to have a maximum operational speed, the method comprising:

sensing a power load of the power supply unit;

sensing a reference temperature of the computer system with the
temperature sensor; and

operating the cooling fan at less than the maximum operational speed
when the sensed power load is less than a predetermined value and the sensed

reference temperature is less than a predetermined value.
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15. The method of claim 14, wherein categorizing the sensed power load

includes designating the sensed power load as a high load or a low load.

16. The method of claim 13, wherein operating the cooling fan includes
determining a fan setting based upon the sensed power load and the sensed

reference air temperature.

17. The method of claim 16, further comprising:
establishing a look-up table including a plurality of fan settings each

based upon a correlation of power load and reference temperature.

18. A computer system comprising:

a chassis;

a central processing unit maintained within the chassis;

a cooling fan associated with the chassis;

a temperature sensor for sensing a reference temperature of the chassis;

a power supply unit coupled to the chassis for powering the central
processing unit;

a load sensor for sensing a power load of the power supply unit; and

a control device for controlling a speed of the cooling fan upon activation
thereof by selecting a desired fan speed from a plurality of available speeds as a
function of sensed ambient air temperature and of sensed power load during normal

operation of the computer system.
19. The computer system of claim 18, wherein the control device includes a

memory storing a look-up table having a plurality of fan settings each based on a

correlation of power load and ambient air temperature.

17



109! () - 810%VE' () - S@LO%VE' ()-! 10%E! ()- : 10%&' ()-~HIE:/ 10M

10M 10%VE' () - S210%VE! () - 09109V’ () -,/ - 10%VE () --z10%VE' () - f*10%VE' () - S1xx
Y:/ 10MLO% U& ()- @10% u& ()- @0% u&' ()- @0% u& ()- @0% u& ()-y ' 10% u& ()-
10MR dE: / ) 2008

10MLO% u&' () -, 210% u&' () - 10% u&' () - 10% u& () -, 10% u& (2 HTHRaRA W | TEVdE: /
10M S10% u&' ()-' y10% u&' ()- t10% u& ()- t10% & ()- t10% & ()-

10% u& ()-: KdE: /

10M_310% &' ( )201S 10Phelobinpiter syQ8n oBIi)n 18; LBYein Bie(cprtrol 106eliRtaphble dfl 0% u&! () - K
5bC 10M@L0% i & () - @0% u

10- u: 10% ug& ()% 8‘6/%“&88{%? 5"“%)8@%‘_‘(6&%&%&&% ‘gt??m@ﬁﬂ}muaéa‘{a)bl%}mwfb‘é? bg ()- 10-u
10-u 10- u: 10% s5hd ponePpfty wéit,(the coblpsintevice éstdbittlingg 1vdr dn spbddatieng 23] c”

"Headi ng 33]c" "Heading 43]c" "Headin " "Heading 73]c"
"Headi ng 83] c"the F@%PFF% p%’]“cb?ﬂ 18 Bésf%l%ﬂ "ter‘lﬁeé’ﬁF‘g%YFq“e o 8 Ensed
Font i | #k+3' =ENthiaérs b Hripetstiieridlidsd thf a fredeterditbll 7 @BEGI " Q
UWY[ #7° cUdsj mt Zwx] z{} ~"" K* " abcdef ghi j kI mopqgr st uvwxyz{|} ~6Ti mes New
RomanAri al Courier New'h Root EntryWrdDocunent
" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

18



