s ; €3ed6TZ] Xi u~~odsn~ | ~vAS9~111 CHASSI S I -i A~' |1 VG REDUCED ACOUSTI C NO SE
.AND ELECTRO11' | AGLETI C Ei VI | SSI ONS Ai VTD nl ETHOD OF COCLI NG 5 COnZYQx | TENTS
W THI N A CHASSI S BACKGROUND OF THE | NVENTI ON 10 FI ELD OF The
present invention relates to a chassis having reduced acmlmﬂmmm and

el ectromagnetic em ssions, and to a nethod of cooling conmpongnt 8w in a
chassis. 15 BACKGROUND ART Conventional electrical and el ectronc
conponent s generate consi derabl e heat energy during opergati

conponents are frequently housed in a chassis, which res@‘mm@ﬂmu@mﬁ[ nount
of anbient cooling air flow available to cool the conpon , ing in
hi gh tenperatures within the 20 chassis. This condition is u%f8irable
because high tenperatures negatively affect the performance of el ectrical
and el ectroni c conponents, and can damage or shorten the life of a

conmponent if the tenper4d3nSeH Al INGEREDPORDM CIOACSTES NCISENANID  The heat
generation problem hars&(grovm in significance because of the increased power

requi renents, adelERdBREPBFAGNEIEAERESREANSGENBrHETIRODPF CREddNG
el ectricak and electronic Cem‘ipﬁﬁ@NTEQ{’lfﬁ?ﬁ% %ng@glﬁr ocessi ng power of
cal'l'y in

conput ers” has i ncreased dramat| recent ‘years, ich has resulted in
hi gher heat generation from conponents nounted on conputer notherboards. 5
One conventional solution to the problem of heat generation is the use of

cooling fans within a chassis to cool conponents within the chassis. Wile

fans are effective for COO'éﬁ%ﬁéﬁ@‘{'%‘%ﬁwﬂﬂ*f%ﬂ“?gmﬁgw conponents, they

generate acoustic noi se during opera esirable. Acoustic
noise is distracting to an operator, and the acoustic noise emanating from
a 10 | arge nunber of chassis negatively affects worker efficiency. Further,
as conponents becone nore powerful, and generate nore heat) |arger and nore
power f ul 1§ anE1EkR Qedlik IMVENTION t he conmponents within a chassis,

The present invention relates to a chassis having reduced acoustic
noise and electromagnetic emissions, and to a method of cooling

components within a chassis.

15 BACKGROUND ART
Conventional electrical and electronic components generate
considerable heat energy during operation. Such components are frequently
housed in a chassis, which restricts the amount of ambient cooling air flow
available to cool the components, resulting in high temperatures within the
20 chassis. This condition is undesirable because high temperatures negatively
affect the performance of electrical and electronic components, and can
damage or shorten the life of a component if the temperature of the
component becomes too high.
The heat generation problem has grown in significance because of the

increased power requirements, and therefore increased heat generation, of

1%
(9]



whi ¢ch generates even nore acoustic noise. Therefore, there is a practical
Jdimt to the anmobunt that chassis cooling capacity can be increased by using
15 larger, nore powerful fans. In addition to the Large heat generation by
nodern el ectrical and el ectroni c conponents, conponents al so generate

el ectromagnetic radi ati on during operation. Electromagnetic radiation is
undesirabl e because it may interfere with radi o, television, telephone,

etc. transm ssions, and rmany 20 el ectronic devices are therefore subject to
regul ati on by the Federal Communications Commr ssion (FCC). FCC regul ations
restrict the anount of various types of radiation that a chassis can emt

Lo Lhe sur nRbah R GRKAY SITRNcyon CERHERHLARA! FLPERBLE S Easdestin ! | nd

t he anmount of e ectronmagneti c radi atl on mitted SSIS ren

difficul | i thin the chassi d ultinately result i
chassi s t hat POUREALCEETBRE BEbddveesal amepsin Pt SRS il lipsnal °

solution is to place grilles 5 over a chassis' air intake port and air
exhaust port resutedgnifipeer hephgenertigheliomoceapppprls Meentat apeCemputer

el ectromagnetic radiation out of the chassis. A conventional grille

i ncl udes sevarddherboatds.hol es for admtting cooling air into and out of the
chassis, the dianeter of the holes being chosen to prevent the escape of

el ectromagnetic ratieaddrd@ntibRan SdIeticistieSoro¥ftinh ©f AcaBbher2@iba id halLaget er

for the grilles controls the escape of el ectromagnetic radiation fromthe

chassis, it i : : | S, | naght [ urs
because the Srerdiidrlis Wilthf Ena3sista2R) SampBREhROERRTSL Shaslil Suife!! 2
and out of the chassi.s, ,and, therefore |arger aster, .more powerful fans
st “be el BSaaien BEGTSL B dromIng: Flechiatgind egrET SBTEHS! ithe? " The
| arger 15 fans generate nore acoustic noise, which is undesirable.
Therefore, aderR&iatedcoustic moise ¢nEpgi@parAtion, wRighds andestableg AHoenatsi s
that provide sufficient cooling for electrical or electronic conponents in

t he chassi s, neisthodistgatiagabiargopatss iand theoasdusticnuise echanatigpgofpemad i on.
A need al so exists for a chassis and a nethod of cooling a chassis that ?0

provi de guf f laph&MunGY b @hhSsis Nt bRALIOEtsCWBFRdrOBtfigicHRYPOFaRhSr, ¥4t hout
al | owi ng excessive el ectromagnetic radi'ation to escape fromthe chassis.
components become more powerful, and generate more heat, larger and
more powerful fans are required to cool the components within a chassis,
which generates even more acoustic noise. Therefore, there is a practical
limit to the amount that chassis cooling capacity can be increased by using
15 larger, more powerful fans.

In addition to the [arge heat generation by modern electrical and
electronic components, components also generate electromagnetic radiation
during operation. Electromagnetic radiation is undesirable because it may
interfere with radio, television, telephone, etc. transmissions, and many

20 electronic devices are therefore subject to regulation by the Federal
Communications Commission (FCC). FCC regulations restrict the amount

of various types of radiation that a chassis can emit into the surrounding

environment.
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SUMVARY COF THE | NVENTI ON The present invention satisfies the above needs
.and achi eves ot her advantages not present in conventional devices.
According to a first aspect of the present invention, a chassis for housing
conponents conprises a shell 5 having an intake port, and intake duct in
fluid conmunication with the intake port, an exhaust port, an exhaust duct
in fluid communi cation with the intake duct and in fluid comunication with
t he exhaust port, and at | east one air noving device. At |east one of the

i ntake duct and the exhaust duct include a noise attenuating feature, the
noi se attenuating feature attenuating 10 acoustic noi se generated within

the chassis. AcCopdhgnksndiBefiitks A5AREkiQhoNE dNEAIiDscREAUER G, Ol e

generated within the chassis Is re noi se attenuating feature

before the acqustic nqjse,escapes _the chassis. The.c si s thus operates
mor 6 qui et 1 JEORTRS RPRIET BY o5 dBESRl bR SO dTHle B orh (AN,

pl enum may 15 be provided within the chassis to distribute cooling air
within the oHdujtae d?%sstﬂ’@ﬂﬁnui'tm?%éée%l-ﬂbm lﬂé@aﬁlﬁeth%@eﬁééﬁte%rré@@ ect ed
conponents or zones within the chassis, so that cooling air is directed
onto the pre@selsiit edisnfareexample, zowesonverdimndi rsglutmnt isetcs ptmedgeigsect  of
the invention, cooling air is 20 efficiently distributed in the chassis,

whi ch resluceset hehzewRY alrentakeesiNhAd a0 extitiskipbriend Hallstenéieg dudrd
reduces the nunber of air noving devices required to cool the chassis. The

use of Tfewek,apdf s thsSés&%va%gl&;e&ngge{éﬁw ré’&‘c‘ji@ﬁ.smg}egf“‘&?é cﬂ‘égéﬁ?;g‘ﬁ\ noi se

generated within the chassrs. According to a third aspect o
present inventio a.chassis, conprises a shel n iptake port in, the
el an't RoakE it SHRARGH GRS Havera ol foles, B Adh i BSaknd §ridBei ve a
flow of cooling air fromthe intake port, an exhaust port in the shell in
fluid comuAngAauteh the chassis. el diemeaieriatine holespeingeheran tupreyeskiei n
fluid conmuni cation with the intake port and the exhaust port, and at | east
one air noviesgape\ofodectnomiygndtic sadiationafromnths thasdie i Whilkea anthlekboleust
ports. At |east one of the intake duct and the exhaust duct has a cross
sectiongy agpaneted fer IrRNglilessedbmedisdhe escape of electromagnetic radiation from

the chassis, it negatively affects the chassis' cooling capacity. This occurs

because the small holes in the grilles impair the flow of cooling air into and

out of the chassis, and therefore larger, faster, more powerful fans must be

employed in order to draw air through the chassis for cooling. The larger

15  fans generate more acoustic noise, which is undesirable.
Therefore, a need exists for a chassis and a method of cooling a

chassis that provide sufficient cooling for electrical or electronic components

in the chassis, without generating excessive acoustic noise during operation.

A need alsq exists for a chassis and a method of cooling a chassis that

20 provide sufficient cooling for electrical or electronic components, without

allowing excessive electromagnetic radiation to escape from the chassis.

(']



So as to attenuate sel ected frequencies of el ectromagnetic radiation 10
.generated within the chassis. According to the third aspect of the

i nvention, electromagnetic radiation is attenuated in either the intake
duct or the exhaust duct, and grilles with very small apertures need not be
pl aced over the intake and exhaust ports to attenuate el ectromagnetic

radi ati on. Therefore, cooling air 15 flowis not restricted by the snal
apertures, and |less powerful, quieter fans can be used to cool the chassis.
BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES 20 Figure 1 is a partially

expl oded side view of a chassis according to an enbodi nent of the present

Fge 315 a Sectional v Z&C(%Lﬂ\ﬁﬂ‘%ﬁ‘?%iﬂﬁmﬁ&*'@ﬁo's'si Section Sccor di ng

to an enbodi nent of the present invention. 4 is a sectional view taken
on line I'I-111 inlfg gresent@pyention; %atﬁf@isdée\ﬁ dieadseand Epkievescether
illustrated in Fig. 3. Fig. 6 is a plot illustrating radiation attenuation

as a functi oadwuintdges nbepgedent i gonventoral slevicesnahcodréwgob afirsl asoecht i ve
duct according to an enbodi nent of the present invention. Fig. 8 is a
cutaway per sgekl presymtementicH) AEHRIsiafor Weudingt cafipenehts Gohtbrisesad shell
enbodi nent of the present invention. Fig. 9 is a cutaway perspectl ve View

of an al ternﬁévmga%U.ﬁ&a@cg%dm.ﬁtQk@%g BROA IR m Al IRoRABR e IENt i on.

Fig. 10 is a cut erspective Vi ew anaternalve according to
an enbodi ne t he sent inven TAI LED DES OF . THE
PREFERRED ENERA NERTERFS 0T Aroestapisl ciust 1 TR desuaunepgs nwbﬁ\'fber ek assi s
10 according to an enbodlnent of the present invention. Fig. 1 is viewed

from the di réestias i fladreamnmunicatipg wilh the exhausli prit.1anef atlegshepalaiy
par al | el epi pedal shell 12 of the 20 chassis 10 renoved. Fig. 2 is a
sectional vimovingkdavics At headtlonlel ofi theRhgkelduct and the exhaust duct include

a noise attenuating feature, the noise attenuating feature attenuating
10 acoustic noise generated within the chassis.

According to the first aspect of the invention, acoustic noise generated
within the chassis is reduced by the noise attenuating feature before the
acoustic noise escapes the chassis. The chassis thus operates more quietly.

According to a second aspect of the present invention, a plenum may

15 be provided within the chassis to distribute cooling air within the chassis.
The plenum includes apertures oriented near preselected components or
zones within the chassis, so that cooling air is directed onto the preselected
components or zones.

According to the second aspect of the invention, cooling air is

20 efficiently distributed in the chassis, which reduces the power requirements
for the air moving device and/or reduces the number of air moving devices
required to cool the chassis. The use of fewer and/or less powerful air

moving devices reduces acoustic noise generated within the chassis.



Referring to Fig. 1, the chassis 10 conprises the shell 12, an intake port

" 16'in the shell 12, an intake duct 20, an active intake noi se cancell ation

device 22 located in the intake duct 20, a first air noving device 25, a
plenum G 30 having apertures 34, a second air noving device 35, an
exhaust duct 40, an active exhaust noise cancellation device 42 |ocated in
t he exhaust duct 4G a third air noving device 45, and an exhaust port 17
in the shell 12. Referring to Fig. 2, the plenum 30 divides the chassis 10
into a first chanber 5 18 and a second chanber 19, with conponents 150
nounted to a circuit board 155 housed in the second chanber 19. The fil ow
of cooling air through.the chassis 10 is indjicated by the arrows in Figs. 1
and 2. The chassiéci dﬂ?%&&c@ﬁ@@l%ﬂ?e&? gggh?nareﬁeﬂo\?g?n P @orﬂ')‘aﬁ%’ﬁts
150 as follows: the first through third air aninﬁ devices 25, 10 35,

e

_ - 45
draw air frofR/Bolgsed ofhathear nRk e POt tiRr BigyShERe amtiRiREeparEt 18 fWEo the

i ntake duct 20. The air flows through the intake duct 20 to an interior end
28 of the i ntekmuwhicatic?Owitanand disgepedntol seasiveoaghow hef ¢aaling air framvhag
device 25. The air then enters the first chanber 18 and flows through the

apertures 3dintdket Bertplaanerhalst nhért tinetheesiosId i€ TR &jordrdunicagoRpRith Uhgs 34
being 15 selectively located in the plenum 30 to direct cooling flows of

air onto spegifii-c | i p C ; The
second ait o0 SRR e Akt SsplpaTn, LG {oBr R ERRARG Make 27,
onto a heat sink 1 via a dyct 36. After, the air has passed over, the
comonent . T8 a1 dnpepeiasl bedr ol Bhdeas” ser Al DA CaiRs oW a t he
third air nmoving 20 device 45, and exits the chassis 10 through the exhaust
port 17. Thecam@upicaion) withihaintake endrexhavist Pertes Aulepgbpse @F dhe diigke
expected hot spots, critical conmponents, especially heat-sensitive

conponent s, duat.anghthehexlsaustuduct haaral cidds secticrabiavea andaa ¢avgthremledtedf
cooling air flow than cooler 7 or less vital areas of the circuit board

155. Becausesd hgs cepl attenddtewsalectéd freqiBh@esT bf cbrRRirbIhratitl badiadoRy the
pl enum 30) a smaller cooling air flowis required for the chassis 10.

Thereforg,  syEHdr&fedithMNEhad8i ces can be
According to the third aspect of the invention, electromagnetic
radiation is attenuated in either the intake duct or the exhaust duct, and
grilles with very smail apertures need not be placed over the intake and
exhaust ports to attenuate electromagnetic radiation. Therefore, cooling air
15 flow is not restricted by the small apertures, and less powerful, quieter fans

can be used to cool the chassis.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
20 Figure 1 is a partially exploded side view of a chassis according to an
embodiment of the present invention.

Figure 2 is a sectional view taken on line ll-Il in Fig. 1.



used, resulting in |less acoustic noise generated in the chassis 10. A
.smaller 5 required air flow al so neans that a smaller intake port 1 fi,

i nt ake duct 20, exhaust port 17, or exhaust duct 40 may be used) which aids
in the attenuation of electronmagnetic radiation in the intake duct 20 and
in the exhaust duct 40. The duct 36 illustrated in Fig. 2 directs a strong
cooling flow of air from 10 the second air noving,device 35 directly onto

t he heat sink 152. The chassis 10 may include one such duct 36, or, a
plurality of ducts 36 can be arranged on the plenum 30, with each duct 36
bei ng optionally coupled to a corresponding air noving device. In this
arrangenent, nultipl e point cl.reul - e I by a
particularly stroﬁg&?lghﬂg %o% ﬁ%@ggf%é&l8?#%f%%%gﬁ%ﬁ§?qgﬁe gﬁggﬁggmgéard
155 could include,a plurality of heat sinks 152, each heat sink 152 being
al i gned wi t hiFFCRENG ﬁBé}fnt?L‘%j'W”EQ?&W@EGBV”HGEWW-%pondi ng duct 36. In
Figs. 1 and 2, the nunber and arrangenent of apertures 34 in the plenum 30
i s exenplary, andFipettsua éSCM&ia’ieVbéal@na@’eﬁh@ﬂl-HhW? fFigcati on on 20 the

pl enum 30 to direct a cooling flow of air onto a specific conponent 150, or
onto a desired ar @iy & iszoBricofiewhs tioe tritgké dookilldstidted ih Figddi tion to the
reduction in acoustic noi se made possible by the use of the plenum 30, the

i ntake dugt 20 an exh 'l%’f‘r%' iohO. hat i oi se
bef ore thg noi se glsdc';%elféf ?I‘S}?hﬁl% e g'ﬂggrsaiefsatlfg.a%i@l#?aﬁz%dLuﬁﬁgg%gnﬁu?he
exhaust duct 40.al so act to attenuate el ectronmagnetic radi ation before the
radi ati on es!:eépé@ fromthe chassis 10. The el ectronagnetic radiation
attenuating aspect__and the acoustic noise 5 attenuating aspect of the
present inventionielelfch apctanalodeyepb@n pHeMativet A8 GRERIANG 481 8Ri on
attenuating aspect of the intake duct 20 and the exhaust duct 40 will now
be di scussedembddimehtoktheeprese igsent®ré. According to an enbodi nent of the
present invention, the intake duct 20 and t he exhaust duct 40 are

di mensi oned so as Faj.t@latcutevag tgcpspemnne Wew bfr @daitHrtiveed@it alcedrahg hi n
the chassis 10. The intake duct 20 and the exhaust duct 40 are the

princi pajgavendss ey i tic radiation generated within
t he chass? S %po mﬂ%‘ﬁﬁn@&)gg ot %'?r‘sgmﬁégggﬁg&?
Fig. 9 is a cutaway perspective view of an alternative duct according
to an embodiment of the present invention.

Fig. 10 is a cutaway perspective view of an alternative duct according

to an embodiment of the present invention.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 is a partially exploded side view of a chassis 10 according to an
embodiment of the present invention. Fig. 1 is viewed from the direction of
arrow 5 in Fig. 2, with a side 14 of a generally parallelepipedal shell 12 of the
20  chassis 10 removed. Fig. 2 is a sectional view taken on line lI-ll in Fig. 1.

Referring to Fig. 1, the chassis 10 comprises the shell 12, an intake
port 16 in the shell 12, an intake duct 20, an active intake noise cancellation

device 22 located in the intake duct 20, a first air moving device 25, a plenum



substantially sealed to the escape of el ectromagnetic radiation. Therefore,

" _attenuating el ectronagnetic radiation within the intake duct 20 and the T 5

exhaust duct 40 significantly reduces the anount of radiation escaping from
the chassis 10. For the purposes of this specification, the description
bel ow of the el ectromagnetic attenuative properties of the present

i nvent i onoai#/ihd BbeRdrds034 4issedss is@melingheevits ake afubthaidt datt sgugh the
princi pl es di scussed bel ow al so apply to the exhaust duct 40. 20 Because

the intake fugh 20hd % IRiGOTIBLEA-0ReWEL i e papanth £ Ramber: 48, the

i nt ake duct acts as a wavegui de for eléctromagheti c radi ati on generated
by the ¢ ongnts 150 wi thin the second chanber 19. e intake duct 20
t%eref orga'g@r&é@sag ROURONTRYFE thy FAL Ak CERagst p%ﬁteﬁ]}fbﬁg% ”c%?-adi ation
fromthe chassis 10. However; when traveling through t he intake duct 20,

el ect r onB@RTING tpddgati b8 Penymc3Q divides Hieeehansionf Otinle a firsichagfdr 20, and

is attenuated by the contact because the interior surfaces of the intake
duct 20 H8vanctleesécamhghetiberat9,ewiihtcorapemater 13k mdauntedgto aosicugit i vity) .
In general) the smaller the cross section, and the |longer the I ength of the

wavegui dgohiy P RoubeE th Bleesddapiaeeahbér f@di ation travels, the greater the
anount of the electromagnetic radiation that is attenuated in the

wavegui de. Fu e t eqt a_nwavegui C S {fically 10
G monsi oned 1 SMBCIo%OtacRO RS aRcEhofdh dher ol eE oot B FRlleebanBr koo

radi ation travelin hr ough_t he waveguide. A high pass filter allows only
radi at i o TR%Vi'Ag & -f%@&ge%cg ﬂ?ﬁﬂ%ﬁotmﬁﬂu%e% gy O?FQG{'J@Q]@V Vet of f to
exit the wavegui de. Radiation havi n%_ a frequency f that is |less than the
cut of f f thegeempynertst BT as follawssibatiisst throughethirgvaigmaering Revisesidfy to Fig.
3, for a 15 waveguide 60 having a circular cross section A of dianmeter d,

t he Hut 085, 4&dedve 2@t from-otiteide afdheedasnidi TQtHrough ¢l ditbké penued iytof ~"t of f

is described by the formula: cutoff = 3.412d 20 The cutoff frequency
f~~toff {2 iHes@ dRaDobyThd GirffRWEAROUdIs tHeoftake uctc2 & Bn interior end
28 of the intake duct 20, and subsequently through the first air moving device
25. The air then enters the first chamber 18 and flows through the apertures
34 in the plenum 30 into the second chamber 19, the apertures 34 being
15  selectively located in the plenum 30 to direct cooling flows of air onto specific
components 150, or zones, in the second chamber 19. The second air
moving device 35 may be included on the plenum 30 to direct air onto a heat
sink 152 via a duct 36. After the air has passed over the components 150, it
enters an interior end 48 of the exhaust duct 40 via the third air moving
20  device 45, and exits the chassis 10 through the exhaust port 17.
The use of a plenum 30 with the apertures 34 therein allows expected

hot spots, critical components, especially heat-sensitive components, etc. on

the circuit board 155 to receive a larger amount of cooling air flow than cooler



, 10 * where c is the speed of light. Referring to Fig. 4, for a waveguide
.(the intake duct 20) having a rectangul ar cross section A the cutoff

wavel ength a~~tof, corresponding to a 5 cutoff frequency f utoff IS

described by the fornula: cutoff = 2hl mwhere h = the |ong dinension of the

rectangul ar cross section A, and m= an integer factor. 10 The cross

section of, e if %I‘@asdaﬂhezﬁr&ﬁt%@aergdiﬁnéiae&g% BRSO otf*é‘ﬁsigf

formul as so that radiation having a frequency ow a desired cuto
frequency f~~tqgff. i 5 attenpuat it hi,n the,jntake duct 20. The,equations
descr beamsBov drblu ks GREB Py dhbanEnbe®ab!  §G 08" keflin SN s
wavegui de, but they do not indicate the anmount of the el ectromagnetic
radi at i on"atyded ©rdhe cigssisd 18y thereiiGegmadier & govéng gedicgp gi@nobesuch
data, and illustrates the attenuation (in decibels) of a particular

f r equencyusdd,ekealingrmdest acousiidi radis®genemtedsn e egassle 110engtsmdlier a
wavegui de of two inch dianeter. In Fig. 6, the radiation being attenuated

has 2G a fdgeereansgy flows aldo?nfeamisothat & strf@eranareistet 16| aabkermenely c
radi ati on of | ower frequency f than f~~ off is attenuated to a nuch higher

degr ee thésméusshsanf1?,%%%%5&%@;@5&030(:5[53; BeS U3kl athien. abiBeinqygaul de 1s

said to operate as a "wavegui yon I'tion. the
amount of _radiation attenuated v~rit.hi.n a wavequi de |ncreases with the
fength of AHHeIIaPe gl e pep et e URtPe acin  Heto (it Ch et Bb 1 sal |
cross section for a waveguide, and to utilize a wavegui de having a | ong
| engt h 1.e¥ausédirbd®t of attenuation L (in decibels) for radiation of
wavel ength ~ in a wavegui de having length 1 is given by the equation: L =
54.5(1 | 7~~~t&heg dutt 86 Hlustrated-infHy. 2]difecis aGtromgrafading,float deaiu&ionon
increases linearly with increasing wavegui de
10  the second air moving device 35 directly onto the heat sink 152. The chassis
10 may include one such duct 36, or, a plurality of ducts 36 can be arranged
on the plenum 30, with each duct 36 being optionally coupled to a
corresponding air moving device. In this arrangement, multiple points on the
circuit board 155 can be cooled by a particularly strong flow a cooling air.
15  For example, the circuit board 155 could include a plurality of heat sinks 152,
each heat sink 152 being aligned within the chamber 19 to be cooled by a
corresponding duct 36.
In Figs. 1 and 2, the number and arrangement of apertures 34 in the
plenum 30 is exemplary, and apertures 34 can be placed at any location on
20  the plenum 30 to direct a cooling flow of air onto a specific component 150,
or onto a desired area or zone of the circuit board 155.

In addition to the reduction in acoustic noise made possible by the use

of the plenum 30, the intake duct 20 and the exhaust duct 40 act to attenuate



length 1, as illustrated by Fig. 6. It is therefore advantageous to
_interpose the intake duct 20 between the interior of the chassis 10 and the
i ntake port 16, because el ectronagnetic radiation having a frequency bel ow
the cutoff frequency is attenuated along the length 1 of the intake duct
20. 15 The above enbodi nents of the present invention therefore. possess a
signific : r td ) i G il lles to
pr event Z%&e)gteﬁ%ﬁ]l%%ﬁeéb@at&%gwgﬁ éfsggﬁ]éggmﬁhg %e%g?éi ;r?]%,&g]?:éodréventi onal
grille is, very thin, and therefore the dianeter .of th' e apertures.in the
ori 116 msfid vl darr=lSl ShELAd S G Byl HERHE RS
el ectromagnetic '?0 radiation. The small apertures restrict air _flow
t hrough thdafen| peforgnithe raskRliaTesesdaessdrasm the gedssior d0pover™@ fans to
cool the chassis, resulting in undesirable acoustic noise. 1?  According
to the preddmmagnait i adjatiohe aitarofatinfr exppecty ahd"” 1toef amadstibe nbisegt h = of
the intake duct 20 may be sel ected such that the bulk of the

el ect s omagtaptibnd adpadti sTihg presatit s amtioRi dretdiRhadlgssdsedlbelbas a frequency
bel ow t he cutoff frequency, so that only acceptabl e anounts of higher 5

frequency el egty0 ' LAk : S S r t he

i ntake duct 2 §H§39ﬁ§@58Hé@ﬁgﬂgéﬁﬂbEPQQ€§¥&£§§ﬁ%ﬁéﬁjﬁ$$@@&gﬁgk%Q or the
i nt ake duct, .20 should b el ected, so.t hat the amunt of .ectramagnetic
o at i ol HLBE SHRRLRE Rt ADGH AL pE YtsRseh T IR e R T e murn

al | owabl e anount. 10 The anount and/or frequencies of radiation to be

att enuat ed wi A§cArding to gnaabadigreriofdhe Rrreerikinyastionude ntake dueipeci fic
to particular applications. Therefore, the cross sectional shape and size

of the d@bétad thieeexthatist Hecigtthare dimeratidresd st msdtteralate krchoneagragticcs of t he
ducts may be varied to obtain desired attenuation characteristics. 15 The

chasgp s pHiaton |deidradeditam H9aISEH2GsROMDONETHeS idtaRe0flu@ Q0T &Hd tthBoard 155.
However, the chassis 10 according to enbodi nents of the present invention

|s not reshhi&t&ct 2o h%gsfh’égﬁhﬁéiﬁﬁf %K/Eﬂu% rcffﬁ'éeééaﬁae ol ewdé‘gcne%y heat

generating conponents 0 ca ouse chassi s ool'ed during
P oA SR DM ERERSL 427 SR RISkt on =
substantially sealed to the escape of electromagnetic radiation. Therefore,
attenuating electromagnetic radiation within the intake duct 20 and the
15  exhaust duct 40 significantly reduces the amount of radiation escaping from
the chassis 10. For the purposes of this specification, the description below
of the electromagnetic attenuative properties of the present invention are
limited to a discussion of the intake duct 20, although the principles
discussed below also apply to the exhaust duct 40.
20 Because the intake duct 20 is in communication with the second
chamber 19, the intake duct 20 acts as a waveguide for electromagnetic

radiation generated by the components 150 within the second chamber 19.

The intake duct 20 therefore serves as a path for the escape of



personal conputer. It is within the scope of the present invention to vary

" thé configuration of the intake duct 20 and the exhaust duct 40 in order to

attenuate differing frequencies of radiation. 13 The previous discussion
was directed to the intake duct 20. However, the principles used in
determ ning the configuration of the intake duct 20 are applicable to the

exhaust dugigctéémabhe i datistionnirommiize dnaesiessape HiwdleCivrmaaetiity
radiation fromthe 5 chassis 10, the chassis 10 shoul d be constructed of

mat erial hawi p, ﬁleei?l‘ié@ﬁgé‘teﬁ@,Celgkfrﬁ@‘é;trn%i’lg rBHn‘élﬂSﬁtd.o?ﬁact?fﬁgF@t%ﬁoPBf

el ectromagneti™c attenuative nateria steel, alum num

Al ternatively he ,chassi s _10. can be .cagnstructed  of | asti,c or, ather
non- net al Itﬁ% ’Hﬁt@rpﬁ& ?ﬁatan a¥ B@%’i\“%%at% tﬁ? %\I%?teﬁe\%“f%? Ly interior

el ectromagnetic attenuative material. Qher than 10 the intake port 20 and

t he exhausrigees ofothet indakehdsst S01le\ehslaC dpRaEAlSt atienuative Bewesies o

mnimze the escape of electronmagnetic radiation. In addition to acting as
a hi gh5pads.g.iconductittityg. i nt ake duct 20 and the exhaust duct 40 function to
attenuat e acoustic noi se generated within the chassis 10 before the

acoustic noise |g al, the selAestise thssSirttiohl eat! tie 18Rgéhel I@h?fﬁ?oﬂUCt 20

and the exhaust duct 40 provide a location for acconmpdating both passive
and acti V‘?hé'%a%fe ‘&@%h?ﬂ%ﬁféﬁ?é‘ié@ﬁow@%@@p& *}Sdf%%éﬁ'tYé‘\/éPthr%hgre%‘féﬂ ve

noi se attenuating features are di scussed-bel ow. The passi Ve norse

attenuati features of the iptake duct 20 wll_ be discussed wi.th reference
to Figs. Zﬁ%nﬁm?yﬂg.oTﬁQed?@@&g’g}a&?eﬁgl %ﬁ?go@othégd'rseétgau? R siPe noi se
attenuating features in the intake duct 20. However, the pri nci.gl es of
acoustic maveguida. enfiHithen thpecraps sesbpn i Maveguide: carthaispedtieallys0, and
for the purposes of illustration, a detailed discussion of the structure of
t he etbausiimdnsipndd tosachrasta digh pdss fiRef frrseterteo fléquetcies dfangpeiativh sound
attenuating matenal 29 can be placed over the interior surfaces of the

i ntake dugiav@fing ahRsUgNted evapcQusdd.C Aalige ERRe e e @livivEhomlyt lagitidassi s 10.
The | ayer of sound attenuating
having a frequency 7 greater than a cutoff frequency 7w to exit the
waveguide. Radiation having a frequency 7 that is less than the cutoff
frequency 7uor is attenuated in the waveguide. Referring to Fig. 3, for a
15 waveguide 60 having a circular cross section A of diameter d, the cutoff

wavelength Ao Corresponding to a cutoff frequency 7ouor iS described by

the formula:
Acutoff = 3412d
The cutoff frequency Fuonr is described by the formula:

feuort =/ >\cutc\ff

10



material 29 can be relatively thin sheets of polynmer acoustic foam secured

" to 5 the interior of the intake duct 29 by, for exanple, adhesive. CQ her

suitable materials for the layer of sound attenuating material 29 include
fiberglass, polyester foam nelamne foam and simlar materials. The |ayer
of sound attenuating material 29 can al so be used to cover all or a part of
the remai ni ng WRbRY £ @S tHRUSHAGEST IRfhtt he chassis 10, including the exhaust
duct 40, 10 thereby reducing the anount of acoustic noise passing fromthe
interior to the exterior of the chassis 10. The | ayer of sound attenuating
material 29 need not be a single, contiguous |ayer, and can instead be
selectively applied in sectipns. Figs, 7-10 illustrat configurations
havi ng passi veﬁﬁtﬁ”g@g %@ g'tgt ezﬁu@{i% V@&H}?ﬂeeﬁ,het Wia‘f? I(ﬁ’éjﬁ)e@a‘éﬂ%o@i nent s
bei ng approPriate for use as either intake ducts or exhaust ducts. Fig. 7

i |1 ust r at'&stanguian eosatsardon st theoceld ovanelengts ke fBGEERRREING Ot e
present invention. The duct 70 includes first, second and third

i nt er Sonnedoff drepassaygewayisisidescriBed By)thedpanated by first and second 20
dividing walls 74, 75. The first through third passageways 71, 72, 73
establish a tortuous path for acoustic noise traveling through the duct 70,
and acoustic noise nmay be attenuated in the duct 70 by a |l ayer of sound 1~
attenuating erjal_ j strated) applied to interior surfaces of the
duct 70. In addfi"ff on %@&i“%%b%r of sound attenuating material, relatively

t hi ck bl ocks af und attenuating material 77 are |ocated at the ends of
the Tirst 5 tHF5U0R 7 PNGARYR GBI EoRIaU crosS seRiohPodkE of sound
attenuating material 77 attenuate acoustic noise as it changes direction
whil e travel i Mg ¥ apdugaet fasteruct 70. The bl ocks of sound attenuating
material 77 can be a low density material such as acoustic foam which can
be fdOnmed from for exanple, a polymer material. 10 Fig. 8 is a cutaway
perspective view of an alternative duct 80 according to an enbodi nent of

the present i nmenticeR.sebiiendfthe Hlakaalood2g chAYRelimdRsdast astsrdpgy meabl e
sound attenuating material 83 disposed within the duct 80. The sound

att enuat gL 88 fSrhtliad 3o GRSt RBiRich MU S! FqUBHS Beélbw a desired cutoff

frequency 7o is attenuated within the intake duct 20.
The equations described above dictate which frequencies will be
15 attenuated in a waveguide, but they do not indicate the amount of the
electromagnetic radiation that is attenuated by the waveguide. Fig. 6 is a
plot of such data, and illustrates the attenuation (in decibels) of a particular
frequency of electromagnetic radiation, versus waveguide length for a
waveguide of two inch diameter. In Fig. 6, the radiation being attenuated has

20 afrequency ¥ = ¥ fouor for the waveguide.

Electromagnetic radiation of lower frequency  than fows s
attenuated to a much higher degree than higher frequency radiation. In this

situation, the waveguide is said to operate as a “waveguide beyond cutoff.”

11



such as fiberglass. The sound attenuating material 83 need not extend the
15 full length of the duct 80, and can be applied in sections wthin the
duct 80. The sound attenuating material 83 allows cooling air to flow

t hrough the duct 80 while attenuating acoustic noise generated within the
chassis 10. A relatively short section of sound attenuating material 83,

preferabl y, gytiigBl {He 88005 of RRIIEHOS tiERGEIcANWBHint @ lieglidOincheisees to
attenuate acoustic noise in ?0 the duct 80. Fig. 9 is a cutaway perspective

vi ew of ap..alter Y ceor i ng i (o] esent

i nventi on@ltﬁhtiﬂ%dlt%@phbgf ?ﬁ%%az%éﬁg&% Sfrg }l—{ege@?e ?ﬁ%ﬁg@} 3 {oonglnl “t?glénal ly
spaced vm'thiﬂ t he ductt 9f0. For the 16 %hﬁoses of illcgeztrati on, only two
baf fl es 91M&H &'PFT BT AL 106 2 WaYeH HGr o e BivayEOHIds" g A 19Rged at
smal | longitudinal intervals are within the scope of the present invention.
The bafflEe9gdilinclude a plurality of apertures 93 that allow air to flow
through the baffles 91. The apertures 93 of one baffle 91 are 5 offset from

a nei ghbori ng Dhéfdneo@it, ofsttennatioails (if dewbels tfocrangtordof watelengisi t
travel s through baffles 91. This alignment further attenuates acoustic

noi se gengr [ : [ :~@. cCut away perspective

vi ew of aﬁ] %I‘A{:agreﬁ%ﬁ%vﬁéb\&ﬁ@ ﬁaiscgﬁgpnaﬂpg]%]d%o odi mnent of thg pr esent

i nvention. The duct 100 includes 10 an inner passageway 102 and an outer
passageway 104, the outer passageway 104 being coaxially aligned with the

i nner passageway 102. The inner passa eway 102 and the outer passageway 104
can be forned Erobd.6(bds Aaforpliy (?cheé%sbzﬂtison. The inner passageway 102

i ncl udes apertures 108 di sposed around its periphery. Sound attenuating
material 15 106 is di sposed between the inner passageway 102 and the outer
passageway 104 in order to attenuate acoustic noi se escaping fromthe inner

passaggeway 102Th3@o@9%%r@%&i@ﬁUiﬁbié’é%e@aﬁr?éérﬁl wlt@ﬁirfc@@aé)ﬁg | \%‘Vé@ﬁéét y
mat er1 al such as elastoneric naterials, foans, etc. If the duct” 100 i s used

o 20 L BT b AL R O B e R B B |

exhaust duct, the intake end 109 of the |nner passageway is in fluid
conmuni cal iedﬁta)ﬁetqipqtr?g) z:}gg\ggg@ tlb%?qtewr_ of the chdssis 10 and the intake pgrlt

16, because electromagnetic radiation having a frequency below the cufoff
frequency is attenuated along the length 1 of the intake duct 20.

15 The above embodiments of the present invention therefore possess a
significant advantage over conventional chassis which utilize grilles to
prevent electromagnetic radiation from escaping the chassis. A conventional
grille is very thin, and therefore the diameter of the apertures in the grille
must be very small in order to block a sufficient amount of electromagnetic

20 radiation. The small apertures restrict air flow through the grille, which
requires the use of larger, more powerful fans to cool the chassis, resulting in

undesirable acoustic noise.



17 " In the alternative ducts illustrated in Figs. 7-10, the passageways in

" the ducts 70, 80, 90, 100 may be di nensioned to act as high pass filters.

Therefore, both el ectromagnetic radi ati on and acoustic noi se nay be
attenuated in the ducts 70, 80, 90, 100. The duct enbodinents illustrated
in Figs. 7-10 are exenplary of the principles enbodied by the present

i nvention, andatbrdpiegette eiehedi MeBhtibs, t'h@ttlzdtaff%@@ﬁfénb? ﬂgmﬂf hAYted to the

illustrated enbodi ments. Active noi se cancellation in enbodinents of the

present in ti.on_wl|. LsC w th reference.to Figs. 2 and 7.
R0 Rt er PG o Rotine, Mgtk 86 8T tRaE B taiiakl SIehiR e Hiltes e oo
cancel |l ation device 22 disposed within the intake duct 20 and an active
exhaust rRIPSECPaARRII¢ safigHORANEEalES WitBilo ey Cpssip i & has ek HEAYENAMICt 40.
Active noise cancellation will be discussed with reference to the active

i nt ake ndigdewc the aluteff | feequindyc es@ 2habwinly recoeptatde pamsuatse odgbighky
applicable to the 15 active exhaust noi se cancell ation device 42. The

active i rtajtentyi skectentRiralici padidivm Cesc2deC ang edifasaRoUst itiirotghs ehdy
sensing the orientation of acoustic noise traveling down the intake duct

20, and i n I I I |t coustiC,ngy The
acoust i cgéﬁg‘ﬁla Jblgs% g%ﬁ%?ﬁ?ggﬁttﬁb%g@ﬁ" gggﬁgﬁgﬁhgnﬂﬁugﬁ’%%d}‘c%eglagﬁ}ey to the
20 acoust.i ¢, noi se, .but 1 degr ee ut of ase wt h cousti c . noi se.
Ther ef or ér,‘ta{(ﬁed%@o%@tsit'"@uigibseegﬁﬁﬁ?qcﬁéoa@‘@ﬁgpﬁca@ioﬁﬁElotr @jﬁ‘gﬂ?maﬂ’ée%ot her .
The active intake noi se cancellation device 22 is nost effective when

di sposed rpdiating esnapieg diwn the abassis ntaris tlags ithaake qasired1gaximug is so is
because the acoustic noise nust travel down the intake duct 20 before

exi ting tdllewabtsamoubh@ t hrough the i ntake port 16, which "' channel s" the
acoustic noise before it passes through the intake port 16. The active

intakg noi se caRcgmbaht 8AdAR HegBeRdiceaT raBiEoRTH Bl AtkrluatéanaRIn AROUStI C
noise that 5 is restricted to an area defined by the cross section of the

| nt ake dgr?ttakg%‘utcgggrﬁoofh%’ exaRt 36LNG0 EPE PEEIL G0 JUrBi RaNQpSiftiBASE! | ati on

devi ce 22 near
Therefore, the cross sectional shape and size of the ducts, the duct lengths,

and other structural characteristics of the ducts may be varied to obtain
desired attenuation characteristics.

15 The chassis 10 is illustrated as housing components 150 on a circuit
board 155. However, the chassis 10 according to embodiments of the
present invention is not restricted to housing integrated circuitry. For
example, any heat generating components 150 can be housed in the chassis
10 and cooled during operation. These components may generate

20 electromagnetic radiation at differing frequencies than, for example, a
personal computer. It is within the scope of the present invention to vary the
configuration of the intake duct 20 and the exhaust duct 40 in order to

attenuate differing frequencies of radiation.

lal
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i ntake port 16, the device 22 can sense relatively coherent acoustic noise
just prior to its exit fromthe chassis 10, and nore effectively cancel the
acoustic noise using an acoustic signal. 10 Simlar to the active intake

noi se cancel | ati on device 22, the active exhaust noi se cancell ati on device
42 is preferably |located at or near the exhaust port 17. The active intake

noi se cancel | afl’h@'br@@‘éb@%l@&s%% WhS drekiottoemBanglkenPid @ canegilat i on
devi ce 42 can be enp oyed in any of the duct 15 embodi ments disclosed in

Fi gs. can be
bl aced wi i AfedERs Rt Bl iREo R TR e SE2O RS, he
above enbodlne S of resent 1 nvention, the chassis 10 is illustrated
as incl udfReliqa %ﬁo EW@M*HPFW@ movi ng devices 25, 35, 34. ''0
However, fewer or nore air noving deV|ces can be used in the present

i nvention. For lregedasite, minivizegihe esqapeoyi glgcideviagectouibdiaben gramedbei n f1 uid
comuni cation with either the intake duct 20 or the exhaust duct 40 and
creates a pmassisir €0,heleel shddsici Hhtshould obe ecengtrudtedugh materiahalssvisg10. 19
Alternatively, four; five, or nore air noving devices could be nounted in

sel ect ed él‘éﬁ%h@@ﬁ’\e%t rﬁtfhﬁu@ﬂvé“%%?ért%@ 'E@(a%’p?lé&' it él@@tr@ﬁ%"gh\éﬂés 34.in

the pl enum 30 need not be disposed to direct air flow onto specCif

conponent tr| n e t

di stribut%tt%'i%ftl\%%g e B st SMEpug eEé‘CﬁﬁggAag[}}eéwﬁﬁg et ﬁ boar d
155. The enb%dl ment s of tg cihasm s 10 di scusse above | q?ﬂilhﬁe 8oth an

i nt ake dugdn PE eanstasted Rhadiagicer amermnnsmedal %tm"litieﬁ'? i B8N pr esent
i nventi on because either an intake duct 20 al one or an exhaust duct 40

al one 10 omafed arechyvesed hathean girctismagraiior attenpradiviecmatarialt i Omesartdar ound
energy (e.g. acoustic noise) fromthe chassis 10. For exanple, an intake
duct HO cibigl ththke epgrt (e dinido thly asxhaiust ipurp 40hethehabassis 100 stnelild hise ai r
could flow directly fromthe second chanber 19 out of the chassis 10

t hrough %wéﬁnéwée%lé@td Rfnisia theléscdpe @T%l@étﬁc%é%néﬁ'@?acﬂ@tiéﬁ. not used in
the chassis 10, the 15 exhaust ports in the she shoul d be configured so

as to inhibit phe,836aRE aQ:ftmg as a high pass filter, the intake duct 20 and the

exhaust duct 40 function to attenuate acoustic noise generated within the

chassis 10 before the acoustic noise escapes the chassis 10. Specifically,

15 the intake duct 20 and the exhaust duct 40 provide a location for

accommodating both passive and active noise attenuating features. Both the
passive and the active noise attenuating features are discussed below.

The passive noise attenuating features of the intake duct 20 will be

discussed with reference to Figs. 4 and 7-10. The discussion below s

20 addressed to passive noise attenuating features in the intake duct 20.

However, the principles of acoustic noise attenuation are also applicable to

the exhaust duct 40, and for the purposes of illustration, a detailed discussion

of the structure of the exhaust duct 40 is omitted.

14



el ectromagnetic radiation fromthe chassis 10. Simlarly, an exhaust duct

"~ 40 coul d be used in conjunction with intake ports in the shell 12, with air

being drawn directly fromthe intake ports into the first chanber 18. If an
i ntake duct 20 is not used in the chassis 10, the intake ports should be
contlgured to 20 inhibit the escape of el ectromagnetic radiation fromthe

chassis 10. |In rdrgfingl tMg 24, BhaybnbalkeultCaiterlizang Haeermyaishnduct 40

are illustrated as being integral "with the shell 127 However, either or
both of t Kk t d %%@Eiu ar at e,
encl osed %asgsegjg%\\//\é/aﬁ;ﬁ%oﬁﬁ l%@fmactae% of Pee she ?jb(ig%\}\ﬂ%q t@%rc gg%ﬁ
invention is descri h reference | ar odi nent s, w | be
under st 0od© t%@eﬁﬁweaowﬁ%l%é@? SHESHY I1% daY 9 Qtdeﬁ{tef“éatﬂ%se

skilled in the art, and the present dlsclosure IS |ntended to cover

vari at i ongataeakdd canbe retaiivalsthin shaethaleelgmer @rotstic Framisegueashisonent s
(150), the chassis (10) conprising: a shell (12); an intake port (16) in
the shgl | t{e terianof takeakeaiuct 29) by,nfor lexatheratingsiag) oDthartduitabke i nt ake
port (16); an exhaust port (17) in the shell (12); an exhaust duct (40) in

fluid conmibaals! op tWéHB%P%f's'&bﬁHeat@éfﬁ}at ﬁoha%'r‘i’al'?@flﬁélhge REsat i on

with the exhaust port |'east one of the intake duct (20) and the

ot onuat ?'#é&e%ﬁ%@fPsHﬁt”f*%lf{iﬂw?fn@%bioﬂﬁ S @%gedeaﬁ% Z#Ee HEAR chassi s

(10); and t | east one air Vi n ice |anU|d

comuni caBHBRURIRG ’T‘ﬁ@”iaht?aqxéaé‘ng‘ ué’? éu@t §°(/9r0 3”495 arkert Alathee of
noving air fromthe intake port (16) throu%h the chassis (10) to the
exhaust poema(nimy intericoslirfacemohtie shas_swﬂ hingledingrtherexheiat dist 42.0). 2.
The chassis of claim1l, wherein at |east ‘one of the intake duct (20) and
t he exmaumerdbytredéahghae amouns of secustnaloisy passing feornethgt interddretot ed so

as to attenuate
the exterior of the chassis 10. The layer of sound atitenuating material 29
need not be a single, contiguous layer, and can instead be selectively
applied in sectior)s.

Figs. 7-10 illustrate duct configurations bhaving passive noise

15 attenuating features, the illustrated embodiments being appropriate for use
as either intake ducts or exhaust ducts.

Fig. 7 illustrates an alternative duct 70 according to an embodiment of
the present invention. The duct 70 includes first, second and third
interconnected passageways 71, 72, 73, separated by first and second

20 dividing walls 74, 75. The first through third passageways 71, 72, 73

establish a tortuous path for acoustic neise traveling through the duct 70, and

acoustic noise may be attenuated in the duct 70 by a layer of sound



sel ected frequencies of electromagnetic radiation generated within the

" chassis (10). 3. The chassis of claim?2) wherein the exhaust duct (40) is

di rensioned to act as a high pass filter for selected frequencies of
el ectromagnetic radi ati on el ectromagnetic radi ati on generated within the
chassis (10). 22 4. The chassis of claim11, further conprising a plenum

(30) dispg§i havﬁ@wﬁ%@eﬁélem&t.%@s&ge g%ﬁ’éd%%t@ﬁ& pae% duse dfp), the

pl enum (3 I Ng apertures ( recting air romthe I ntake
duct (20) Qnto sel ect ed conmponents (150) housed in the chassis (10). 5. The
chassi s o? claim1l1l, wherein the at |east one air noving devi ce conprises a
first air noving deV| ce (25? di sposed at the |ntake duct f 6. The
chassis of cl aifPeditighelcePniayRe Ghoiuedapttemiatingh atetare ad'dﬁ‘rb(r thjels sound
attenuating nmaterial (77, 83, 106), the sound attenuating material (77, 83)
106) al | ovlonks aif ﬁouod[ﬂiwtlaﬂege’ﬂhmwﬁ7 gre Divatarhat $hs eotiscofalihe first wher ei n
the noise attenuating feature conprises baffles (91 ), the baffles (91 )

i ncl udi ngthroudruttiaikd tpasebgaways rgs74,933. tae wbtiewodi gound passudtiipugh the
baffles (91) to attenuate acoustic noise. 8 The chassis of claiml,

wherei Nt S éftéﬁtﬁ‘éri@%é&ﬁmﬁ@%ﬁd&@ a%QFBhFﬁgés %‘H‘é@ﬁoﬁtvhﬁfél?r%l/é‘lgwed*ghgi al

(29) disposed on an interior surface of one of the inta

hoi se- at 1 O R Bt R Txspe&der sPund deRIRIG Srbes 37 L aREE! Fat i on

device (22, 42), the actlve noi se cancel | ati on device éﬁz 42 bei ng
capabl e dPWg‘éWé?'B’t m%eraa SUFhaAs agorstiq fpm. whiah aan pectnmed f’i@’@usf@r i ¢ noi se.
10. The chassis of claim1, wherein at |east one of the intake duct (20)
and the exteple, dMymMam@a cross sectional area selected so as to act
as a high pass filter for electromagnetic radiation generated within the
chassgips (10). Ri4. . RhisABFcudwAaly pibpective view of an alternative duct 80
according to an embodiment of the present invention. The duct 80 includes
loosely packed, air-permeable sound attenuating material 83 disposed within
the duct 80. The sound attenuating material 83 can be a low density material
such as fiberglass. The sound attenuating material 83 need not extend the
15 full length of the duct 80, and can be applied in sections within the duct 80.
The sound attenuating material 83 allows cooling air to flow through the duct
80 while attenuating acoustic noise generated within the chassis 10. A
relatively short section of sound attenuating material 83, preferably extending
across the cross section of the duct 80, serves to attenuate acoustic noise in
20  the duct 80.
Fig. 9 is a cutaway perspective view of an alternative duct 90

according to an embodiment of the present invention. The duct 90 includes a

plurality of baffles 91 longitudinally spaced within the duct 90. For the

16
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20 inner passageway 102 is arranged in fluid communication with the intake port

16. If used as an exhaust duct, the intake end 109 of the inner passageway

is in fluid communication with the exhaust port 17.
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not intended to be limited to the illustrated embodiments.
Active noise cancellation in embodiments of the present invention will
now be discussed with reference to Figs. 1,2 and 7.

10 Referring to Fig. 1, the chassis 10 includes an active intake noise
cancellation device 22 disposed within the intake duct 20 and an active
exhaust noise cancellation device 42 disposed within the exhaust duct 40.
Active noise cancellation will be discussed with reference to the active intake
noise cancellation device 22, but the principles are equally applicable to the

15  active exhaust noise cancellation device 42.

The active intake noise cancellation device 22 cancels acoustic noise
by sensing the orientation of acoustic noise traveling down the intake duct
20, and 'producing an acoustic signal to cancel the acoustic noise. The
acoustic signal is generated to be of equal magnitude and frequency to the

20  acoustic noise, but 180 degrees out of phase with the acoustic noise.
Therefore, the acoustic noise and the acoustic signal cancel one another.

The active intake noise cancellation device 22 is most effective when

disposed in the intake duct 20 at or near the intake port 16. This is so
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10b89b999G ?Fellefc}r%,_ by placing the active intake noise cancellation device 22 near the
intake port 16, the device 22 can sense relatively coherent acoustic noise
just prior to its exit from the chassis 10, and more effectively cancel the
acoustic noise using an acoustic signal.

10 Similar to the active intake noise cancellation device 22, the active
exhaust noise cancellation device 42 is preferably located at or near the

exhaust port 17.
The active intake noise cancellation device 22 and the active exhaust
noise cancellation device 42 can be employed in any of the duct
15 embodiments disclosed in Figs. 1-10. {n addition, muitiple active noise
cancellation devices can be placed within the intake duct 20 or within the

exhaust duct 40.
In the above embodiments of the present invention, the chassis 10 is
illustrated as including first through third air moving devices 25, 35, 34.
20  However, fewer or more air moving devices can be used in the present
invention. For example, a single air moving device could be placed in fluid

communication with either the intake duct 20 or the exhaust duct 40 and

create a pressure head sufficient to force air through the chassis 10.
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5 plenum 30 to evenly distribute cooling air flow over an area, such as over the

circuit board 155.

The embodiments of the chassis 10 discussed above include both an
intake duct 20 and an exhaust duct 40. This is not limitive of the present
invention because either an intake duct 20 alone or an exhaust duct 40 alone

10  would reduce the escape of electromagnetic radiation and sound energy
(e.g. acoustic noise) from the chassis 10. For example, an intake duct 20
could be employed to draw air into the chassis 10, and the air could flow
directly from the second chamber 19 out of the chassis 10 through exhaust
ports in the shell 12. If an exhaust duct 40 is not used in the chassis 10, the

15 exhaust ports in the shell should be configured so as to inhibit the escape of
electromagnetic radiation from the chassis 10. Similarly, an exhaust duct 40
could be used in conjunction with intake ports in the shell 12, with air being
drawn directly from the intake ports into the first chamber 18. |If an intake
duct 20 is not used in the chassis 10, the intake ports should be configured to

20  inhibit the escape of electromagnetic radiation from the chassis 10.

In Figs. 1 and 2, the intake duct 20 and the exhaust duct 40 are

illustrated as being integral with the shell 12. However, either or both of the
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embodiments, it will be understood that many modifications will be readily

5 apparent to those skilled in the art, and the present disclosure is intended to

cover variations thereof.
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an exhaust port (17) in the shell (12);

an exhaust duct (40) in fluid communication with the intake duct (20) and in fluid
communication with the exhaust port (17), at least one of the intake duct (20) and the
exhaust duct (40) including a noise attenuating feature, the noise attenuating feature
attenuating acoustic noise generated within the chassis (10); and

at least one air moving device (25, 35, 45) in fluid communication with the intake
and exhaust ducts (20, 40) and capable of moving air from the intake port (16) through
the chassis (10) to the exhaust port (17) to cool components (150) housed in the

chassis (10).

2. The chassis of claim 1, wherein at least one of the intake duct (20) and the
exhaust duct (40) has a cross sectional area and a length selected so as to attenuate

selected frequencies of electromagnetic radiation generated within the chassis (10).

3. The chassis of claim 2, wherein the exhaust duct (40) is dimensioned to act
as a high pass filter for selected frequencies of electromagnetic radiation

electromagnetic radiation generated within the chassis (10).
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5. The chassis of claim 1, wherein the at least one air moving device comprises

a first air moving device (25) disposed at the intake duct (20).

6. The chassis of claim 1, wherein the noise attenuating feature comprises
sound attenuating material (77, 83, 106), the sound attenuating material (77, 83, 106)

allowing air to pass therethrough.

7. The chassis of claim 1, wherein the noise attenuating feature comprises
baffles (91), the baffles (91) including a plurality of apertures (93) that allow air to pass

through the baffles (91) to attenuate acoustic noise.
8. The chassis of claim 1, wherein the noise attenuating feature comprises

sound attenuating material (29) disposed on an interior surface of at least one of the

intake duct (20) and the exhaust duct (40).
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42) being capable of generating a signal to at least partially cancel acoustic noise.
10. The chassis of claim 1, wherein at least one of the intake duct (20) and the

exhaust duct (40) has a cross sectional area selected so as to act as a high pass filter

for electromagnetic radiation generated within the chassis (10).
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