;e3én>n$6T>W3$ METHOD AND SYSTEM FOR CONTROLLI NG A COOLI NG FAN W THI N A
COMPUTER SYSTEM Background of the Invention 5 The present jmmmmmmmnat es
to a method and system for operating a cooling fan within

system More particularly, it relates to controlling cooling famsspeed
based upon power supply | oad and tenperature for inproved acoustic
performance. Conputers or conputer systens are extrenely prevalent in
today's 10 society, and are configured for a wide vari etyﬂﬂﬁ“ﬂ.”ﬂ@lﬂ“ﬂﬂ”’lons
To this end, conputer systens have traditionally been cat i ther
| ow-end or highend, based upon hardware capabilities and user @mpdi cati on.
For exanple, |owend conputer systens typically refer to personal conputers
or desktop conputers., utilized for relati velﬁ standard applications, such

as word pr ocessiW&T%Déﬁ%§Hsgﬁ%F0§p%pNg G ARD Grﬁ%lﬁgati on, etc.

Lowend conputers are conmDRWIHINGA AOMRUTER $E€TEMVI ronnent, in cl ose
proximty to one or nore office occupants. Conversely, high-end conputer

system i ncl ude network servers and advanced standal one conputers havi ng
processor capabilities able tcgaqggoahgopﬁgﬁh@ﬁﬁgﬁogr ans such as finite

el enment anal ysis, CAD appl i catT ; etc. For nost business applications,
t hese hi gh-%end congise eresey invention aeletes tppimeathiadyand systenefr pperatinga@par at e r oom
(e.qg., a server ¢ ! J: of the end
ppli cati on.  ciseliital pitiad SERREAGA M Bl RanEBBROMGEE 0T (10 1)
unit(s), etc. , coalimdan gieedlbased ipoa poversupely iand ahdtemperageanfor abmovddeat . Heat i s
typically rerma\ég%ﬁf rom t hrtlacecorrput er system by one or nore cooling fans
nounted i n cl ose p?B)fl y " to the heat producing and/or heat sensitive

conponent s. Though Qoetphitersnir kgmputén sgéters arapetrengeit prévwatant ingodaytshe cool i ng

fans) genejates .acoustic npise, For.a conputier.systemrequiring a

rel ativel y{qaarsﬁge oBRRR R agrred 1r & Wi ivggg[gg 2 g&%w-;%ﬂﬁge $ud. 30 The
above- descri ba@dmbaer syslenk Biveaaitidhilly baei Gegbrifalas BittiRaRbwhakiek afghy € been
relatively limted due to the work_environments in which the particular

conput er syst &b 8599 UReRBArdaTg canasilifies and pser ppplication. JoRBFTRIS Wkt ens,

al t hough nor Medl ¥orRARdrisl 18alf reRetoeRBhdTIchipitss gﬂ&s%ﬂmr € users,
typically utilize a rel..atlveg%/ smal |l cooling fan due to the relatively

smal | nunber empulerseutdized for ealatixely stondsshanplieatiops suchras $49rd proggseingacoust i cal
noi se genefqat T o - tre. j is virtually
negl i gi bl gl.rsal ﬁgéeg%ﬁeg%tpwyvxﬁlg%g%l gQ- en ﬁé’é’%"aﬁg’? %3%’%){3 &e%%?eai | | arge

cool i ng fans, camgonlywsedsinen affisd crmtronmernitciakclospproriniitytebre ormpes e conput er
systenms are nolpml | I f Rty r: areas that are
separate fr om0 iogéupggg'u%gﬁ{gggy@gi%?ﬁp ﬁtg@g%ﬁslf“iqg&%w&%k associated wth
hi gh- end conputeers aydidvasced ste@ndadine campaeersiBavingtireeessof capabilifiesadletthe user s)
were not stationed in close proximty.tq the c u . The .continued
advancenent of PFHE @ ﬁP@gaﬁﬁFWé-%{t%@?fﬂﬁﬁr&%’gﬁaéﬁg@Pﬁ%ﬂmfshe di stinction
bet ween hiZph- el Fanehobtdisiesd appdicititns thedy bigh8Rd confpufeR Eystebnslang , t he har dware
conponents associ ated with server-type conputer stens has inproved to the
poi nt that ser%‘faﬂi’g’&ﬁtﬁ%f”c?g%‘?pféﬁI%Y{érgplaégg'ﬁ’i’é’&“’%s"1‘Sega’iag’ss expensi ve and
smal | er pl at f Gig¥kstatidh areal €SUl t, the end-users are increasingly nore
inclined to use these high performance conputers, otherw se adapted for

network appl i cati oR&8ardlessiof i catheppbeationritt clestiopigiardyvarss incdingr di nary wor k
envi ronment.  |podedsaitl), ﬁ(fwetr gL Es) A8S CAsk R Bt BRAHSEdnpulPkyient €vel s
generated by these hi'g erformancé, server-type conputer” systens, the
oppor t uni t3p f @enagasesrhedtp Hatis dpiceHy remeredslzere thegpmpuier yslembyneohe user s
now sitting i L : xacer bati ng
this concern iqréoq'lf ﬁo@ﬂ?xggag g(%%%tgdp%géo‘éé;@g%%&%ﬁ%e@%ﬁ#@%ﬁ gf“}/&qn%?t: cl osely
packed conductsensgive n@ummeits.alhough paérongeheghly impgeant fostiomghef ans and

constricted, anq. t r}u? even nore cou.stilp noi se. .
cooling fan(s) generates acoustic noise. For a computer system requiring a

relatively large cooling fan, this noise can become quite loud.
30 The above-described fan-related acoustic noise problem has heretofore

been relatively limited due to the work environments in which the particular



Most conventional cooling fans associated with conputer systens are 25 run
at a constant voltage. The fans and their operating voltages are sel ected
so that adequate air flow cooling is guaranteed for a conputer systems
wor st case cooling needs and anbi ent tenperature conditions. The cooling
fan 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 with nuch less air flow Under these
conditions, this nmeans providing nore air flow, and thus nore acoustic

noi se, than is needed. Sone 2 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 s&'hgstl. confi ureﬁ so as to al E:%S assune a

worst case of COPRYERSYFEMILRAGeS; Ig Q2 Pgter ka3 HIgngh Thus, even
wher e the heatpofifilly GoadRRE & @bk pRimity (B8TRY Siméte uferd, BfidalipRERM.a @ cooling
fan's thermal ranmp will begin at a relatively high speed, such that the

ai rflow and ac@tfstelyemaliceding fascive &tthp jelatively sepll ayrebes pid sizedf gni f i cant | y
greater than oibiasMbsBoleRQUAs G9esuROheh&HLital WAL 2BnRatbd BPEHE RA-GRITPUL er
system otherw se designed for high performance activities such as network
appl i cati ods, cPmpPWer sygemseeling &n it yinnallynegligible! [noeonirashovhils high<ad i bed above,
e o0l 9. " SBHbIETSILS: 8A| AIILIRERIL! hd NG BPRLIB RIS ® CasC
scenario. In general “terns, t vari éus 1nternal conponents (e.g.,
processor) ar develsctheseicompysercnystems ang netmallly pesitioried m nemrte compytpeeds, dr awi ng
| ess power, a hu | ess a nts. of heat. fortuynately,
because curr er??or\ssaoﬁsaé%gp r%g%tc %%’taﬁ%ed% %aﬁg oécélpzy{tss' o‘llgsgﬁuﬁh’olggne an S|l€l§nt 15

t enper at ur e t molleissodidteewilnhighendipnipatee s¥seamssiid fidt apse ntee dscmhfortg f an speed,

d thus t ti i i1l al be hi th i th i
necessary. 1ttt My ate dbtest uitope AR B oL 83 B Bhol  ng Tan cont rol
systems within a SThgéatiagapdiatemdnss thetongatdt hhpdRardtchasidgamal i cati on
(i.e., high-end and | owend). From a cost stand@oi nt, this salution is not
practical . A rbgar&éébf%we eose pigh-gnd ard lpyiend BRRRWEAT syteo HBut er
manuf act ur er’ aRicalat, ticthatiwasd forlpoAdh@idsdcatdamttiRagtypB BorfiRi&@! opi ng mul tiple
conputer platforns utilizing the same basic conponent/chassis |ayout (e.g.,
a hi gh-end pl &YSt&psrhaa HBPravediathemging that sepverjechnplogy cambesimplementediy or ity of
har dvar e G@TPQRE BlrendieSind birkihf plalforfleDsiaGalu] ME o BRB Ak ARy OWever
ot her conponents, for exanple the notherboard, are 25 differe ty In the
past, it has eninplined tesuseyhasohigle pérépmanng cpmputprdcotherwise daptadifor ool i ng
schene for ea f 1 due, . vast. di I. i ner at ed heat
during use (e.%gt.wl,% L%ﬁ%ﬁ%ﬂ% gﬁ%’g‘%F’g‘{he%sP ir?'lnﬁr(r:?) h‘g‘%‘gé’gﬁg%édé%'%gﬂ@{ ate nore heat
t han t he | ow emdropmanttf dn hghtof the aboerddycrib&badovsizingise tehéls gammtagedlby addi t i onal
costs and design t.ine. .30 Conmputer systemtechnol.o continues to evolve.
The resul ti ng ToREH BRI AP AL vps Lamptlinioyiotiy S pbpartiliey Briery ey ease
in size ardd cdstodifes incechsdstdeamatioall as thefuskr iz adw sittingfin to@ipreditg rput er
systens in standard workpl a nviro nt and thus in close proximty to
Leer s, Of t ent MREOTPYRCoYSEHY Flghe Eyacetn s sone 3 e o oL Procest t han 1 ul |
capacity, suchdédnedmenti@niadnosPEl6dlydiadkddondu@ry, neeaitstiiglusaof &eni S
unnecessarily high. Therefore, a need exists for nethod, and system of

control |ing al®@&msoeoe frssnd Frystrigiedy g diys\eEen IBOTE BERUStIGHRINSI v | oad. Sunmary

of the Invention RrsaRGHtioRl cdolify RLESSNiatkdWRIN dnQfutdr 8)Mn@Sar © @ met hod of
controlling a cooling fan of el ectronic equi prment including a power supply

uni t. The 2det Fortagonsint yeltage.s Ehssfansang theinaperatipg woltsgestanesalrstedso suppl y uni t.
A reference tQpej AbvifcBSling hCGFAREE (7 ALRPERR sybSmd wsteans ed-
Finally, a fa%gteﬁﬁéﬁfs getglrnﬁiln%‘g{ab%g(ggﬁupgn&tﬁ%[esyseﬁse ?)ower | oad and
the sensed reteriagoesds empanbient tempeByurdeqiditigns. nEhef anlingefet i ng on bot h
reference air o GIRGLAL UL oA ARLHALe AT SHRARlN: hERG ot eyt N0
effectively mnimzes’ cooli'ng Tan oBera I'on, an us resulting

generation, sufficient cooling is always provided. Often times, sufficient cooling

30 can be achieved with much less air flow. Under these conditions, this means

providing more air flow, and thus more acoustic noise, than is needed. Some



15 4acoustic noi se, when the el ectronic equipnent is operating at |ess than
full capacity. In one preferred enbodinent, a |ook-up table is provided in
which a plurality of fan settings are included, each fan setting being
based upon a correlation of power supply |load and reference tenperature. In
anot her preferred enbodi nent, the electronic equipnent is a conputer
system 20 Anot her aspect of the invention relates to a nethod of
controlling a conputer system operating under normal conditions. The
conput er systemincludes a chassis maintaining a power supply unit, a
tenperature sensor, a central processing unit, and a cooling fan. In this
regard, the cooling fan is rated to have a maxi num operati onal speed that
provides sufficient. air flow cooling 25 when the power supply unit is

bper ating at ORI TR 0 RUIHEATE B EMBRPPE 4R e Pted 38 ATWCRA i . the et hod
i ncl udes sensidighgds PAWDient RAPerdiurd HAAIBBWE HoWePR! the bidblihg fahs aRfsENence air
tenperature of the conputer systemis sensed via the tenperature sensor.
Final ly, the cOBFgUR] sPahtqdwppasmmed warstcaseof opgraling rondHaseim oper at i onal
speed when t hgnS&haR ded? QWRFatbRR XS v&Swhdrd@E héht 3SuPLRERIQY B ned val ue and
the sensed reference air tenperature is |less than a predeterm ned val ue.
Wth this rfet Hereiedgla lowensnged, @ saolingrfpnis bermabrampawllibpgin at a relgtivalised i n an
once environngg L he . B OBl ' j.Se- I ation, as
t he cooling Pgﬁéhlsﬁéégf ?‘%%Itallave ?gg%%&n&g{j&%?@ﬁn&ﬁﬁﬁﬁﬁﬁygﬁf%r?'%lgé er than
necessary speseignificantlyrgregter ¢liaprothedvientequiredent , t he sensed power load is
categori zed rel ati ye. Xi avai l abl e wer | oa S. ei r a high | oad
or a 5 |owload. V\)S?]F#e igﬁ%ﬁgﬂl e e?rrgdlteerﬁgsg%r?gﬁ v,vg‘\af\ﬁees%gg&{ﬂog sensed power
| oad i s desi gridghgetrfasnancd apivitieaaich adretveak hppligations, is beiggneedfoedovat a | esser
speed as conpared to a speed at .the sanme anbient tenperature but high |oad.
Yot anot hell L ey ipn 8 fruten ot suihtole Farmett BE Bttt or syt em

i ncl udi ng a ches&itlan the WESE €a3¢ scRANDE IS poigrall feirhs, thk Vafiodd ilgrmb AN, a
tenperature 10 sensor, a power supply unit, a. power |gad sepsor, and a
control devi c&OMPHENEREy W$§?%L@§§P%glrwmr9°e§%£%n%&ﬁan\maequthe chassi s.
The cool i ng f apedds dRAREIeR pRvelVahdthul BerefafSIsdser amdiBts ERBEr at Ure sensor is
provi ded to sense a terrgerature of anbient air at the chassis. The power

suppl y unit i Inértiprisly, besapsssuien Sy contrelmethodalpgipgrelyrelelycamambienhr ocessi ng
unit. The powgL,loath.$883Q¥mil 855N #ife SENS61R: £ al.g@d on the
power supp]] y unit Flenaﬁif/}., ters)dg]ag%n l?%fﬁgg& c% I'S plru%vigé%kt’g control a
speed of the fthus.thg agopstic soise galk alwaysiee highat then is@theiwise ugpessaryel t he cool i ng
fan as a functj [ i .t he sensed
power |oad. W rbfﬁ??‘@%ﬁ ?ﬁ%ﬁ}”gﬁaﬁ%co?gﬁrﬁftragp&g%&g%{eeﬁgwgﬁé?vel y limts
audi bl e fan neingle competeryions fiorieach Bpe Bf enslfapplication (i, bighehd amklo®r awi ngs Fi gur e
1 is diagranmati.cdllustration. of..a gomputer, system,i nporating a cooling
fan control GeUPcE i Zek SrdReink (i sdidhes fieedeteal; AVERRHERE qure 2 is a
fl ow di agr2@m iarikessi thalcomext af cortiputd nahufactiet’® piactivg ofisiembarneagsy?5 fan in
accordance with .the present . invention; Figure 3 is a flow djagram
illustrating &F %&’ﬂiﬂ’e@’@m&ﬂﬁtﬂp& C‘?’i’ﬁ’%ggtf% ‘\‘—‘?‘6‘8‘5 gmeﬁarpgfnag an exenpl ary
| ook-up tabl e cumpdneht/ahhdsls 1yoat @R, Aokhadnd phiyfeie add loWb@d plagfam)t | nventi on;
and Figure 5 i s another exenplary | ook-up table useful wth the nmethod and
30 system of tIthe clﬁsgg it mayprix 9f hasdwaregcomponents are virtually identical for each

platform; however, other components, for example the motherboard, are

25  different. In the past, it has been necessary to design and provide a different
cooling scheme for each platform, due to the vast difference in generated heat
during use (e.g., the high-end platform motherboard can generate more heat than
the low-end platform motherboard). Obviously, this entails additional costs and
design time.

30 Computer system technology continues to evolve. The resulting increase

in processing capabilities with a related decrease in size and cost has resulted in



Description of the Preferred Enbodi nents In the follow ng detail ed
description of the preferred enbodi nents, reference is nade to the
acconpanyi ng drawi ngs which forma part hereof, and 5 in which is shown by
way of illustration specific enbodinents in which the invention may be
practiced. It is to be understood that other enbodi nents nmay be utilized
and structural or |ogical changes nay be nade w thout departing fromthe
scope of the present invention. The follow ng detail ed description,
therefore, is not to be taken in a limting sense, and the scope of the
present 10 invention is defined by the appended clains. Figure 1
illustrates in block forma conputer system 10 that inplenents one

enbodi ment of the present ipvention. As a pojnt of reference, the conputer
system 10 i s slﬁwl%ey?lme CoPHiFh St dp ﬁg‘tdaB#W?rI‘Hl?‘EeaPE‘V’é?Wn%ny di fferent
types of compuin@ingYPEiss¥hréXimPy RRisers] ORMMRE ARSI mpaas Sehteisive@g can benefit
15 fromthe present invention.” Even further, the present invention is not
limted to a comstrdal lessthansfiyl cppacity, suchehat thefamenepd sndispsailtans agewstie| ect roni c
equi pment  r eqUtd Ak R cTolc ! i { i an. In a
preferred enbggl) Fshe%ﬁggﬁ%r\%eﬂgehrl@ ?I ﬁlg@g)éér{rsglfg r&g‘& s%gir%&%gd i&?%gétﬁ‘?é’%- end

conput er, rfor ecopireliieg agmputer seqling fantrylptivedo pputranpply tgedbl e of hi gh- speed
processing. 20 Wth the above in mnd, the conputer system 10 typically

i ncludes a chassis or housing 12, a power supply unit 14, a central

processing unit (CPU) or nicroSuomspsoef thednventivool i ng fan 18, a tenperature
sensor 20, and a copntrol device 22.. The various co nent re described in
greater detail belo Faf%ag%\rﬁéerpéfse{%é? &%%(R&Sg??“’?ﬁg%ﬁ%gﬂlz‘ﬂ% 14-22 are
mai nt ai ned w tdablingt faeodkaasnis e@iprieat indlnding a\pewersupyly yinitinThe héthalippl i es
power to the CPU 16 and the cqol] fan 18. The.cqoling fan 18, in turn,

Qi rects aild f IBGPGS SHoig Powes 193 o e @PBE! BRRE N0 ATEIERELEMRER,) use.
Finally, the cqmiieleMctroily bquprdoat BARD c&Hs&d. NRIIF 4 RA séfind 9 detedhddng fan 18
based upon information fromthe ply, unit 14 and the_tenperature

ower . sup
sensor 20. 30 ‘a&_éew%w%m%?%ﬁ@?dﬁ*ﬁéerﬁ%?r%wweﬁam- BY, receives an
external |y appakigsl t@Gad Rtting bR 8bth Péferehbeafttempeyathrcad@adia tp§ aRupgy differing
DC (direct current) voltages to a variety of conmponents, including the
CPU 16 and t hdeadetheimsthod gfectisely minimizergoolieg fn opaigtionodndithusypyitinguni t 14 can

be confi 9“1’590' JcBus'Eiéﬁ&%é{%@n el‘é&%o%ﬁ%?ui ReaN ﬂJeﬁi%ai tﬂﬁrfhﬁus conponent s
electrically connected’'to the power qu y unit place a [oad on the
power supply uwapacity4 borgpréfergediesbodifentt & look-ap bl ik proyisledin whighdd y unit 14

nmust be capabl e of p ring all requi Sit nent.s of the conmputer system
10, including p(r?l‘g?h%r?%\ﬁts tj";'\lggéﬁff %gu%ﬁneafmgang%ﬁ%%%n baalsle%lut??ngut al so nuner ous
addi ti onal conponletisofipotverciupply Magd@and teffaratce strpedrafere.gln anhthexdprefeired, CD- ROM
drive, auxiliar .onttr | | BrLs .mem)%}/ tm)dul es et cl.ﬁ_ll. Duri ng manuf acture,
therefore, thee"ﬁ’(‘} “sgﬁﬁeﬁ“ﬁi‘h‘i?‘*‘? SRS f SOMMESYREYN o have a nmaxi num powver

| oad capaldd ity sufAnbthecdspect of the Mvbritidn eclated tp axndthalf of colisllirgd num power

requi rement needs of all powered cor{)%(ﬁ@ent(g.. Al trgr nativel y addi ti onal

pover supply (FRMPUCLSYSIROPEALRSE tader HPALASt TPRCUTRYE YR es use of a

| oad on the pqxgides s Biddsdis MBintainkfh 4 PweLhPply val, ARPpEMuterefsog Q0! | ng fan
setting. As such, a paraneter indicative of the 15 power supplééunit 14

| oad can be noARtEdPEGeSING Sihapd2 Bl fAgadn DisTerprd: (thq qogling fap édalglneral | y at
24 in Figure %, ).ave%%amaﬂ%e%aﬁo&,sﬁpé&tmPf&m@@&ﬁﬁa@&& IBwRBYERlg Supply unit
14 can be sensed and iIs indicative of a [oad of the power supply unit 14.
In one pard5i cuvhgr therpowen swpply unihisippersiinscte maxinum pyailpe poyitoagdol t age to t he
power supply i 4 j : : i he 20 i nput
current to thg>v %}E)f/}\%srmgg?)ds:&&\%%?)? “&"g‘ d%%&g%ﬁ%%é&%?gcfa\ﬁgﬁg}w Ig??%gplyhe | oad
sensor 24). ThaitpAodigoncedir temeeraturcadfilscompptensyistent ie sensdlevia thput power to the
power supply ynit 14  and thus, the power supply J|oad. . Copversely, a |oad of
t he power supt)iflg}peﬂ%ﬁe sil}for(ial‘tr%nﬁlé” %%%(g)gn% o fﬂ%@%’e&ﬂ? %ﬁstthﬁ%%gr of the power
supply unit 14naxbroum epangungl, spéddevheh the yénsedipoventoall isdmsttlvm gpower supply uni t
14 can be 25 sensed (vja, for exanple,. the |Iopad sensor, 2 and signaled to
the” cont r o0 dduEEN Rbiead e RBEUIHE v RRRGRCRE SHE MBBRer Supply. uni
14 i's known, tph@leRtthipetd vaR@aWith ARGndikbdslofyI@ HdVe compéler b rédagy power supply
unit 14 can be determned. To this end, It is known that avail abl e power
supply units generate an internal current signal that is proportional to
the | oad on the power supply unit; this*30 internal signal can be provided
to the control device 22 for estimting power




7 ‘supply load. O her known techniques for determ ning or estimating |oad
are al so acceptable. The CPU 16 is also of a type comonly known in the
art. In a preferred enbodinment, the CPU 16 is a high-end m croprocessor
capabl e of perform ng 5 network server operations. Notably, the conputer
system 10 can be designed as a multiprocessor (MP), such that two or nore
of the CPUs 16 are provi ded. Regardless, the CPU 16 generates heat during
use; the amount 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, internediate power
conver si on cornpone ) volta r.egu) at or. nodul at o can additionally
be provided, % gﬂ éﬁﬁ‘chm’t“ﬁ ﬁ@%e Pﬁ‘sﬁlﬁnf"é‘ﬁr ‘{‘Lserof a type known
in the art anchgg@bgiod! dsihd selidbRs iskriaivek emBdifrém iy a6 @igBer- The not or
30 operates w tﬁﬁa DC vol t age A%jﬁomt he gps&wer supply unit 14. The speed
(or rotation dl"antl}?écsﬁf}radﬁeeéz}n@fﬂpf%“é@mb cptgthe sens Hioadifon t he

vol tage | evel qfpuiAlettiRe HaSnRhh aviflabid potfer 144885 by H%ﬁ%au%s:seases wi th
an increase in supplied voltage n a preferred the cooling fan
18 is rated tdowdead. AVithethisrenerprsfrered embodiment) wheggethe eqne¢d powelpadisl ts, a

m ni mal oper at r f course, other
20 confi gurat |d(§§r)11 aerdea%tgqﬂ‘gF a?/ tgéé‘gogﬁ‘%{%%ﬁ é% atgé%&%g% cooling fans 18
can be provi d@dn@mddmgqteagatamuyw;ambxemtempdammmwbllghmauer conponent s of
the conputer syste e ratur sor s of at known in the
art and is confi gu:veeéa'fott)h e[ngg?é’f%?rgubvgn oélr’fﬁlg?e%ltouarcom teg %’és(?conputer
system 10. In mmmgaﬂﬂssisedcaﬁambmlmnﬁt a tduding anpetepiperamresensor 20 i s

Cont Ut REE L QR e L G B LS 7 ©

Al ternativel y,ceﬁti’bﬂﬁf&éﬁﬁﬁg@hﬂfs%s%@d&&%thﬁ@h&@ﬁsshe TR Shdling fds €| sevvher e within
t he chassis 12 such as adjacent to or in contact with the CPU 16 or other

internal conpdRstl Réﬁ‘éh‘?ﬂhé%%s Tihg emansratite s4nS9Tds BONled to2gnss Aoy i des 30
information i ngfdtid@ RrhbidntGlrl ak e 3hashiS MPRE Fdvier Supph/ iR &upfli t§ he conput er
system 10. Finally, the control device 22 is preferably a programmable
control | er corthe ¢hassesdfor poveesing thelcenipad processing Bait. ¢ msﬂon%smma and in
particul aryd h r nR’ f t he power
supply unllt5 12»r5@&9t%g&?%? era%%pggéﬂé:%%%p%%bg%n gg%grrij}g%et%?ﬂr@ the control
devi ce 22 |nc|dgﬁe@1smr¢v¢dmttwgor@ol(afmeecbofah@fae knﬂxhecgmttthprcpmfr@irdmm ed to
eval uate the 'g@r%te%’fmec%&@%ﬂs é.stR& o%'Ha' 3% Aert 08 1dnile Q&?dte”perat“re
provi ded by t Hie tenperature sensor erm he' & pre erred
oper ati onal seahd sengdqmwerdbal OWith thés @nﬂfucngl,fﬂmrtomsol dBaseeffeatively t hi s
eval uati on, ge con f e 22.initiates or regul ates the voltage
applied to th “'Btﬁé‘}l 15 ?“eﬂ?‘si 3 PBMY e power supply unit 14 to a
correspondiong 10 level. To this end, the control device 22 can store or
ot herwi se be programmed, via a,glprogr,i ate fi rmnware for exanple, to include a
| ook-up table having preferr or different sensed
tenmperatures and peyware ﬁidlﬂﬁhbéninﬁﬁ@'ﬁbus&ﬁo@laﬁi @dnfhuldr SRkdnt MBFpbratinglet er m ni ng
a preferred fan setting based upon sensed tenperature and power supply
| oad, etc. Pr éf“@ﬂ“&falll%WPWVPSH}@SOré?I@CNhM?ﬁeWWW@reater det ai |
bel ow. One method ef F@P&%Qﬂob‘cﬁ'&rﬁﬂﬁﬁn?&dtﬁ@a‘ﬂfetﬁot}%f E&&}Uhﬁ?at:@cﬂmé8 in
accordance with the present invention is rllustrated by The flow di agram of
Figure 2. Begiftminageasdanse with the present inventiont er syst em 10 oper ates under
normal conditions. t ual ly being
Used by a user. an dEﬂPe 3 68 b8 dB@am G BRE Rl maRYS Lo ethot; 3fd

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.



20 not in a reduced power consunption node (e.g., a stand-by node, a sleep
node, a suspend node, etc.). During operation of the conputer system 10, a
critical tenperature is sensed at step 42. In particular, with reference to
t he one enbodi ment 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 wwthin the chassis 12, a tenperature
at specific conponent such as the CPU 16, etc. Regardless, the |oad of the
power supply unit 14 is sensed at step 44. For exanple, the input current
(either AC or DC) or DC output current of the power supply unit 14 is
sensed via the | oad sensor 24 as previously described. 30 Wth the sensed
tenperature and power supply |l oad values in hand, the control device 22
determ nes a setting for the cooling fan 18 at step 46. Unlike 9

conventional control schemﬁgﬂ@ﬁof@gy%%ﬂzma%gnwper ature, the cooling
fan setting selected in accordance With the present rnvention is a function
of both tenper at ur & tadolosine detailphisseninsian of the pecfosied embediglentss  t he _
det ermined coqbinged i@ thadellthdWhedtiSaYink Sraiios WARh GHIPABAE heddbdld 10 possibly
operating at less than 5 full capacfty, and thus requiri .ng l'ess air flowto
achi eve suf¥ i d@hichdéobpwmby wRpef idydratienespesifiesrebodineentsdmphickthesystem 10 is a
hi gh-end, Ser vteniofiia TR RE. telsH9 ol M- Ba it ShBPLGofifhsRgCessi ng, the
various internal conpohents are operating at less than Tull capacity and

t hus gener at i rig utibzed ané struciuratax lagical changes mapbe tmade witliospdapaitng upon t he
sensed anbi ent. t egperatu t he net hod d syste th resent

i nvention may fEPé’% AT RE ofﬁlﬁprﬁs?%"gggioflhjgrg? g’ﬂowgégﬁmabdgje%cﬁl r%glged at a | ower
speed as conpaheefofenistdkioriemaieadl 4 ligiting edhse, addtha s¢ops uf the pteeas acousti c

noi se is gegnerated. . revi gusl escribed, this determ nation can be nade
with refer@ncé"‘feﬂmﬁ"?g?fﬁ‘-egﬁyﬁ‘ﬁﬁf’%eflgﬁc ‘thns, etc. Finally, at step 48,
the control devi ce Figtrd!l MaRiatesAPBIoSK fofifl 2 @bmpilier s§Qeth i1 0 hal fnpllebiens8 in
accordance with the determ ned fan setting. For ex?egeol e, the fan setting

can be a vol t 3 °meedipent ghthe gesend ivRRioRp S POBM ONGEEBIS), BOtoRBFE ont r ol
features and/ Qystédd16td BBn 6RFaPEr dxBGPIE BT @t 8flirhittion | MAnp digfe@M and nmet hod of
t he present invention. For ‘exanple, one or nore additional tenperature
sensors can bdYRss §fFomptaRisysams or iether migsanracesspr-based deyigenean ispefinal  chassi s
tenperat urg 2G; 0 ?F@édt Hedtont REerCARhérOthe g%&lén? favérttion ks’ho?ﬂfﬁftf’d e ' ed

enbodi ment,” a tenperature sensor is provid at, or integrally forned
within, the CRomp@er sphtemclontinstead epplicable2o aryclkictrersc eduimnenhfequiriag i on, and i s
programed to.store a.predetern.ned maxi my [ relimt. If it is
det ermined t hat ¢t lecoglcl: arat E%fyﬂ%%ﬁ‘togﬁ?%ra%t E‘raeprggf%ge S O?ﬁeggrraxi mmlimt,

t he vari ous cdoivevey, thaconhtet oystanol 0 5 tadhyigh-aud eoromeer; mdatgmeferablg at he cool i ng

fan 18 is pronpted to operate its. highest setting/rate until the CPU 16
t enper at ur e d?sg'ﬁ' r'tB’Bff%‘WPquke G %ﬁ?ﬂfr%’%’%g?d.epr%ﬁ"@'the above- descri bed

met hodol og@p i ndi caish te siove i mihé, thedohiputeesydtech JPaysicallyumdidgs 4 oad sensi ng
operations, th arapeters.can i nstead be 30 continually nmonpiiored. For
exampl e, i t h PB L HOASITE 2 P SHHPLH g 4t SHETNP T EIRAACR L B
alternative WQﬁiBzQﬁrobéks&Q@Qi BneLfan 181a tehPerRfueSRAdor R0VRARICBRrI0  begi ns at
step 60 whereby the conmputer system 10 operates under normal conditions, as
previ ously dedericed. The veepyscompereatsgre depibsd inreatsr detpd belayadn j s

conti nual l'y mghdQn&ths Dhowel&, 4O BEhMneMS 1428 afimathi@Rednithid the@ndisiel €r red
enbodi ment, the nonitor tenperature is an anbient air tenperature at the 5

chassis 125 ad2silgnaeveat shpply weit Heswppliespaver t &3tV Mpandgheeolinp@sus| y, at
step 64, the 1,8ady0bodie sRACh cSHPBIsWhidowlhed die B! 6T bonflN L or €. The
power supply load I's categorized relative to a naxi num-aval |l abl e power | oad
of the power soppénentghduringsetFistllypthe 6ontdohdeyick @2 conttdis apesttiepofthe ai | s

ggt er m ni ng V\A?:g})hrxlﬁrfar} rgeba%gc%:'i)ron %r'if”gr%lnayioxy Prl)}n t}:ll‘e4pow‘:€:1rn gxp%)lgl’ﬁ%ittlggng &‘Jp“t er system

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



10 i's operating at or near full capacity (and thus at a high load) or at a
lesser level. For example, in one preferred enbodi nent, the actual power
supply |l oad can be categorized as a "high" load if the power supply load is
greater than 50% of the maxi mum avail able power load; or as a "low' load if
t he neasured power supply load is equal to or Less than 50% of the maxi num
avai |l abl e power load. O 15 course, any nunber of power supply | oad
categories or percentage relative to maxi mum | oad can be inplenmented (e.g.,
"hi gh" | oad at 66-100% of maxi mum avai |l abl e power | oad, "nediunt |oad at
33-66% of maxi num avai |l abl e power Load, and "low' |oad at |ess than 33% of
maxi mum avai | abl e power | oad; etc.). In particular, at step 68, the control
device 22 utilizes the tenperature and 20 rization to

det er ni ne an a‘ﬁ‘ﬁﬁeﬁ%?’&é?ﬂ%“f’éﬁ'agﬁf’ FRIIPORLS, ﬁﬁﬂ‘g a&%‘i%ﬁgfﬁh& devi ce 22
can refer to adbRpiailPs.t AltdrRatively] dheg@weit@umpﬁmmamet&{ﬂgu}eam etc., to
determ ne the fan settin Regardl ess, the selected fan settlng |s a
function of boesFiveande vakage.cRagaslesnhpmpions sompenentcRiscttigalléh t he conput er
system 10 is Cébﬁﬁé%ﬂzﬁ't?’th@ %&tshgﬂyuﬁl PRbhYe a ﬁﬁdé&@@pg@a sh@ﬁyﬁﬁlmtf ol device
22 25 pronpts the coo to operate at the selected fan setting. In
one preferried dwbgdserdhnthisfend, tlmmwpﬂ sipply higit dé musttiercappbieef Pgé'ﬁmgﬁg is a
voltage to be devi ce 22
di ctates t hat @hggldslsg calﬁ%‘%@ Eon%?n 2 Sgi‘é‘p?ié @f&g%rdg?fﬂg %lgjact ual
power supply | eohditied c&biuwamwtbmalsmwmmnsaﬂdxamal taogenponwer | oad al | ows
the control dev ce. 2 e L vie f.or a.high- conput er
operating at LB %%‘Stfaeedc{ g\l\/it]il ddﬂ%‘f mﬁm&“ “éfhalg%har ﬁornl%rgﬁers’ll cool i ng
fan setting. Aﬁembrfl utotiiley, etadv Datiagmanfivturs héreforeathd powersopply snief f ecti vel y

uni versal to ; i,cular platformin.that ! cif'c absol ute power
supply | oa v%ég&ﬁi‘t’gt% Ve QAT PRYEE réog.p iﬂf’ﬁﬂfy ?“EF %shol ds. That is to
say, by contr dlikiiR@edusly sE@BY megmiamﬂ%@sf@uﬁmt needds ¢ffallgotverdli power | oad
relative to a S maxi nrum power | oad e nmethod and system of the present

i nventi on can 99EWaRENse Algmalively, arditional power leéwsﬁﬁnt?ﬁﬂ‘?‘éﬁ’eé‘nt conput er
systenms/ pl atforns, Thg@akdh @ventRh nlakiSlB8fa BQNB&&%BB@&@?M&%& 140 s
represents a distinct advant()sgn over prior art coolin an control schenes
that are pl at fsglephaqgppiopyiate c @&@@P@%l&sa@@mamtermarlw efdbor dance with
one preferyed F;ga;e r t device 22

enpl oys a 56 -upptgg)gfsgmﬁtggé%gggr?g%ﬁblgtr??égpdégggﬁ%E)&;Ené’ngdettl ng based upon
terrperature ar(dIUpw&gesupl#){gﬂH@faﬁgurled)tmrgxamgartquCugthO\ﬂerpoﬁm des one
exanpl e of an I I e fan setting
ultimtely sel ect e @“F‘H lggon @sefas%gaﬁd lsw%t&s&?r% mepc())f“}eg vol t age
applied to theuppyanit 34 Inmnegamcxddmengpommentlsmmufmmrafdhdmckﬁout)perate at a
voltage in the eof 6-12 v Furt her | 0 of Figure 4
is prenised on’ Qltit Pré%?ﬁ??”@ﬁs“lp@& “?5#43%03(@%?% B‘i"a F‘TE% % Hecat egori zed
as el t her 2thi ghput ciirrét to tﬁ&pdv@@%@fly mnmﬁaneede(fdrabdr@lwwmc lbard) or "l ow'
(i.e., less than 5% %]ﬁ’ﬁ ngrRavalable Ioad%) Finally, the
reference tenp&tSf o) REpeuctob fhegetalyss Rrpae ﬁ‘ieﬁg’ﬂ MEYHPIHEY t‘E:ﬁ'i‘ﬁabl lities of
the 20 fan 18 godlepduppl vnf 13 and fHs @Rt podief supBINEHdAI0shFeriMy, Rildadiofehechassi s 12.
Wth the above in mnd, the | ook-up table provides an appropriate fan

setting (or vcﬂowagwplrydamt\}éﬁ%%ba@@#@P@H@@uwﬁﬁ@mpﬁ%@oweﬁwaﬂvh of the
high 1Toad and |aw4! e8fexaRBleddnt BEpGQUIFbt fRMASthe bswérfau@ow @9 4antpge | 00k-up
tabl e accounts for the fact that at |ower power the cooling fan 18
can suf fi cddentsegsed 66d, forsxpmple, the toad mdﬂbmd§lmled trethe eanirot davicgy st em 10
(such as the Ugl B;gﬁg S ed to a
hi gh power supgéf ?%gg{hgmq‘%ng‘%g?g%fgg%o?ﬁ; %LED? in tal%g% t“ﬁltughggl ﬂgl ow rate).
For exanpl e, rmmuand tlmx)tltipewd:rdodd- ofxhe pdodax su;iplj':urgur‘bcad becdeﬂemnged ow | oad

operation, th ol | mai nt ai ned t he | evel of 6
vorte up to anBienfit 5 Rioopind laBRe Bl Shly tnfechdfe el 50" 16 wi 1)
be operated atcualant&gmilthatIxsqategionadnattermelbaimthsmwmemﬁssmt;ihﬁZC during the
hi gh Ioad p V\Fre the a HJ ttLn E {Zﬁ oad tnot taken into 12
account ( g ?a&}?ﬁlproé' ote ¥ CTRPEIPOHEYi ce 22 woul d
automatically trigger the cooling fan 18 to the 8 volt level as soon as the
anbient air tenperature exceeded 22C. O course, an increase in voltage (or

fan speed) corresponds with an increase in acoustic noise. As such, the
met hod of the 7



5 present invention pernits the cooling fan 18 to operate at a | ower speed
(and thus a |l ower acoustic noise level) wthout prematurely switching to a
hi gher speed when the conputer system 10 is operating at |ess than ful
capacity (via analysis of the |load on the power supply unit 14). It should
be understood that the | ook-up table of Figure 4 is nerely 10 exenpl ary.
Actual acoustic performance and fan speed vol tage settings are determ ned
on an individual system design basis and will vary fromplatformto

pl atform For exanple, based upon an analysis of the conputer system 10
conponents, the various tenperature threshold values can be altered.
Further, the |ook-up table can be nore conpl ex, and include fan settings

for three or 15 re.p r.supply | oad. categories of er at.i on.

A Ler nat vl y. PR g DS ki eshoighitat Biiiine E st rpSREAREAR 0 a5 shown
in Figure 5. Theeptdhsed tenperature and power |oad are essentially
categorized into one of four quadrants, with each quadrant representing a

different fan settiingCPhl6inplso plagtapgicommpnyaonp ip e afto i pr her the

actual anbi entenﬁQdi&&H@ﬁfe@PU 5 iisﬁ_h'i'%t'n@fy& mfroproéedddr capableWe pérfctminghet her the
actual power load is "low' or "high", is systemspecific. Regardless, the
fan setting dinetvarkgerysy operationsoRlotaplys Hislcempyitermsygiernd 0 can be designgdasi on of bot h

tenperature. andRNEEe NI, 4R fa TP okt hAOkDLRs LBBIRIAPT csent s o

correlation of te ature power supp e to appropriate
cool i ng fan spRegdsilesg3heTCRU e génsrhtea hdatsipgngunepthe pmeun obgematatedpeaint i on

provides a marked, |/t IRIe 8;(%&'9&5%"% %n%x%ia @/gmht@r%%&ttfo glar, control

over a conputer system cooll ng ased upon enperature and power
supply | oad. Aberebyrpdainga latgaelosibdntbe paver eapplyngnits Idn Nqpabdy] while theni m zed,

t hereby m ) m zi resul t] coustic ise. . This is panticularly useful
For i gh- el €7 061 Thraledds A hart el Jiivto PsPrysaBRby b £or ) oar end
appl i cations iifterradditcisovett corivbisivg componet(W)¥dE. SvoltdgSiepglhtdr aMhlaDE) Systemi s
abl e to support b&{ih hgg -end 13 . lications and | ow end applications
Wi t hout requi rf®Rgdqitena rayideds as i wrh‘ﬁlﬁﬁ"\ﬁz}i‘re/fans ot herwi se needed to
meet the nore stri MueBdolAg MASIBIiEofd hAlkiwA it B GRtkd f@krally ficluaaend
application. Although the gléesent i nventi on has been described with

reference to prepettand adanbladedznilde meinéQoperaies Mitha DGveliage pmthg |
recogni ze {atyoRRARGES AN DENTRAE oPrdAIGRDA AL 3] ofthd Bl HEPAT L1 NG

fromthe spirit and sCope of the present i1nvention.
18 depends upon the voltage level provided to the motor 30. Thus, the fan speed

increases with an increase in supplied voltage. In a preferred embodiment, the
cooling fan 18 is rated to have a maximum speed at a voltage level of 12 volts, a
minimal operational rate at a supply voltage of 6 volts. Of course, other
20  configurations are equally acceptable. Also, additional cooling fans 18 can be
provided and strategically positioned to cool other components of the computer
system 10.
The temperature sensor 20 is of a type known in the art and is configured
to sense a reference temperature of the computer system 10. In one preferred
25 embodiment, the temperature sensor 20 is configured and positioned to sense a
critical ambient air temperature of air at the chassis 12 (e.g., within or entering
the chassis 12). Alternatively, the temperature sensor 20 can be positioned
elsewhere within the chassis 12 such as adjacent to or in contact with the CPU
16 or other internal component. Regardless, the temperature sensor 20 provides
30  information indicative of a critical temperature parameter of the computer

system 10.



VWHAT |S CLAIMED IS: 1. A nmethod of controlling a cooling fan of electronic
equi pment operating under normal conditions, the electrical equipnent
i ncluding a power supply unit, the nethod conprising: sensing a power | oad
of the power supply unit; sensing a reference tenperature of the electrical
equi pnrent; and determning a fan setting for the cooling fan based upon the
sensed power | oad and the sensed reference tenperature. The nethod of claim
1, further conprising: categorizing the sensed power load relative to a
maxi num avai | abl e power | oad of the power supply unit. The method of claim
2, wherein categorizing the sensed power |oad includes designating the
sensed power load as a high load or a low |load. 4. The nmethod of claim 3,
wherein the low lo is characterjzed, as being | ess th?n 51 % of the
maxi mum avai | abl e %da%élv’ thocaptroklevipn, &2 itreigsably R PEAEEAmMaP e GopirelfEr conpri si ng:
est abl i shi ng acdnfglred!d col OpbridneFitRLodtinY f 78, lahd indfarfichlhr SRirhdtHgS each
based upon a correlation of power supply load and reference tenperature. 6.
The nethod of 0, &psed sponipformation peqvidediftomythe povres suppbt unitld andéheudes referring
to the | ook-upehghhare sénsol D6 ﬂ%ﬁﬁ@ﬂ t&ims%@b&}:@l de%@ﬁ??ﬂ&lﬁ@@ciﬂcﬁ%‘ up table
includes a first set of fan settings for different reference tenperatures
when t he sehseldorgasmple p dzegmistor)sformatted tosevaluetg dlie loadaf the possosuppbet of fan
settings for difd @GRt ElfhENeRpb RISty HSBmpOERIIRGH O AME" | 02d 1S
determine a preferred operational setting or rate of the cooling 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



The met hod of claim 1, further conprising: operating the cooling fan in
‘accordance with the determ ned fan setting. The nethod of claim1, wherein
sensing a power |oad includes sensing a current at the power supply unit.
10. The method of claim1l, wherein the reference air tenperature is an
anbient air tenperature. 11. The nmethod of claim1l, wherein sensing a power
| oad i ncludes nonitoring the power |oad of the power supply unit, and
further wherein sensing a reference tenperature includes nonitoring the
reference tenperature. 12. The nethod of claim1l1l, wherein the electrical
equi pnment is a conputer system 13. A nethod of controlling a conputer
system operating under normal conditions, the conputer systemincluding a
chassi s maintaining a power supply unit, a tenperature sensor, a central
processi ng uni‘t"“"eég@‘aéc@’é@l §chemesdl trqlml%emantgnmeaﬁwfea@eao@@gF’Pax/e a naxi mum

operational spggfl sél&?ed"{ﬁ%&%f’daﬁ&"%fﬂtﬁé senPfnV Bxgﬁaafﬂﬁéﬂ%ﬁoh?&ﬁ of the power

supply unit; sensr ng a reference tenpetrature o e conputer systemwith
t he tenper at urtempesatarsrand aever sprntnload gMotepadisularingh¢ deteratinedggelinghan t he

maxi mum oper at4 o mgsalggp%gﬁ%retﬂe &Q@m?e? ?egn ﬂpﬁgl%%?g‘fdﬁlgedt%%? rhffan a

predet erm ned val'ue™an e sense ess than a
pr edet er m rfed fullkcapacity, and thus requiring less air ﬂow to achieve sufficient cooling. For

example, where the computer system 10 is a high-end, server-type computer
being used to do simple word processing, the various internal components are
operating at less than full capacity and thus generating less than a maximum
amount of heat. Depending upon the sensed ambient temperature, the method

10  and system of the present invention may determine that the cooling fan 18 can be
operated at a lower speed as compared to maximum cooling needs. As a 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



16 ° 14. The nethod of claim 13, further conprising: categorizing the
sensed power |oad relative to a maxi mum avail abl e power |oad of the power
supply unit. 15. The nethod of claim 14, wherein categorizing the sensed
power | oad includes designating the sensed power |load as a high |oad or a
| ow | oad. 16. The nethod of claim 13, wherein operating the cooling fan

i ncl udes determning a fan setting based upon the sensed power | oad and the
sensed reference air tenperature. 17. The method of claim 16, further
conprising: establishing a | ook-up table including a plurality of fan
settings each based upon a correl ation of power |oad and reference
tenperature. 18. A conputer system conprising: a chassis; a centra
processing unit paintained within the chassis; a cooling fan associ at ed

with the chass?e8ins &t siepfevherdhy dhecomenier HY8femsidrprsalys é}nﬁleéf‘_%‘i"éaﬁce t enper at ur e
of the chassi sgondtiRVE préHRRlyYdestribtd. cmufﬁkp%mreof e cifiRReis§stéR 1o ROVer i ng the
or

central processing unit; a Ioag sensor sensing a power |oad of the
power supply uipntinualiygonitored by the control device at step 62. Ina preferred
embodiment, the monitor temperature is an ambient air temperature at the
5 chassis 12, as signaled by the temperature sensor 20. Simultaneously, at step 64,
the load of the power 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  is 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
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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.e., 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



109& ()- z109%& ()- "109%& ()-"10% ()-c)KO
ZX6! (F109%& () - (! (F10%& ()- (!, F10%&' ()-( 1F10%& ()-( ;F10% ()-( FL109%& ()-(

# 1Pl (F10% @10%d d& ()-. 10%& ()-.'1P 10%)& ()-.!N 10% (. (& ()-.

10FHI JKwXVB7!

(& ()-.

& ()-.

'@ 10%

10( 10( 10(y9<s10% & ()-!6 109%& ()-.! 10%& ()-.!@ 10% (

& ()-.KvL3 nwU3MB7! 13109& ()-. ! 6310%& ()-.! @10%

1 310% ()-.! @310% & ()-.!D310% ()-.n[]"_ {\=110% () -

10

15

20

25

30

account (as with traditional control schemes), the control device 22 would
automatically trigger the cooling fan {8 to the 8 volt level as soon as the ambient
air temperature exceeded 22°C. Of course, an increase in voltage (or fan speed)
corresponds with an increase in acoustic noise. As such, the method of the
present invention permits the cooling fan 18 to operate at a lower speed (and
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
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 altered. Further,
the look-up table can be more complex, and include fan settings for three or
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
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.

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 resuiting
acoustic noise. This is particularly useful for high-end, server-type computer
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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WHAT IS CLAIMED IS:

L. A method of controlling a cooling fan of electronic equipment operating
under normal conditions, the electrical equipment including a power supply unit,
the method comprising:

sensing a power load of the power supply unit;

sensing a reference temperature of the electrical equipment; and

determining a fan setting for the cooling fan based upon the sensed

power load and the sensed reference temperature.

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 temperature

when the sensed power load is at a second level.
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8. The method of claim 1, further comprising:

operating the cooling fan in accordance with the determined fan setting.

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.

I1. 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 I, 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 opcrational 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.

16



F10% % 10% & ()-z"10%& ()- & MLO% & ()-10%& ()- GLO% & ()- 10%& ()-;

{% dEYNC F10%

310%& ()-2: 10%& () - &OMLO% & ()-/210%& () - &s- 10%& () - &ml0%& ()- _bcdeDb
C F10940%& ()-10%& ()-9 10%& ()-'10%& ()- 10z 10z

10zL<10%& () - D9i dEbC

F109010% & ()-110%& ()-Y10% & ()-S10%& ()- F@0%& ()-F310%& ()- "dEbC
F10%10%& ()-9% 10%& ()- 9% 10%& ()- 9% 10%& ()- "

1092 & () - S10%& () - "ggdEbC

F109%66F10% & ()-410%& ()-110%& ()- 0310%& ()-9. 10%& () - 9L- 10%& () - knbC
F10966F109%2 & () &<10947& ()- 10947& () -

14.  The method of claim 13, further comprising:
categorizing the sensed power load relative to a maximum available

power load of the power supply unit.

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 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.
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20.  The control system of claim 18, wherein the control device is capable of
categorizing the sensed power load relative to a maximum available power load
of the power supply unit, the control device establishing a lower fan speed when
the categorized power load is less than a predetermined value and the sensed

ambient air temperature is less than a predetermined value.
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