NVETHODS AND SYSTEMS FOR ACTI VE SOUND ATTENUATION I N AN Al R HANDLI NG UNI T CRCSS
REFERENCE TO RELATED APPLI CATI ON [ 0001] The present application relates to and
claims priority fromProvisional Application Serial No. 61/324,634 filed

April 15, 2010, titled "METHODS AND SYSTEMS FOR ACT VWE SOUND ATTENUATI ON I N AN
Al R HANDLI NG UNI T*, the conpl ete subject matter of which is hereby expressly
i.ncorporated by reference in its entirety. BACKGROUND OF THE | NVENTI ON
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and any appuP&R&HRQAITER N CIRE T¥N he function of the fan (e.g. danpers,
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traditionally been used to condition buildings or rooms (hereinafter referred to as
"structures"). An air-handling system may contain various components such as cooling
coils, heating coils, filters, humidifiers, fans, sound attenuators, controls, and other
devices functioning to at least meet a specified air capacity which may represent all or
only a portion of a total air handling requirement of the structure. The air-handling
system may be manufactured in a factory and brought {o the structure to be installed or it
may be built on site using the appropriate devices to meet the specified air capacity. The
air-handling compartment of the air-handling system includes the fan inlet cone and the
discharge plenum. Within the air-handling compartment is situated the fan unit including
an inlet cone, a fan, a motor, fan frame, and any appurtenance associated with the
function of the fan (e.g. dampers, controls, settling means, and associated cabinetry). The
fan includes a fan wheel having at least one blade. The fan wheel has a fan wheel
diameter that is measured from one side of the outer periphery of the fan wheel to the
opposite side of the outer periphery of the fan wheel. The dimensions of the air handling
compartment such as height, width, and airway length are determined by consulting fan

manufacturers data for the type of fan selected.
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188 SYSKEHH8] I n anot her enmbodi ment, a system for

noi se produced by an air handling systemis provided. The system
i ncl udes a SYUNVIMEARK OF GpldhNaENII@N| | ect sound neasurenents fromthe air
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the air handling system, wherein the sound measurements are defined by acoustic

parameters. Values for the acoustic parameters are determined based on the sound
measurements collected. Offset values for the acoustic parameters are calculated to
define a cancellation signal that at least partially cancels out the sound measurements
when the cancellation signal is generated. The acoustic parameters may include a
frequency and amplitude of the sound measurements. Optionally, the cancellation signal
includes an opposite phase and matching amplitude of the acoustic parameters.
Optionally, response sound measurements are collected at a region of cancellation and

the cancellation signal is tuned based on the response sound measurements.

[0008] In another embodiment, a system for controlling noise produced by an
air handling system is provided. The system includes a source microphone to collect
sound measurements from the air handling system and a processor to define a
cancellation signal that at least partially cancels out the sound measurements. The system
also includes a speaker to generate the cancellation signal. Optionally, the speaker

generates the cancellation signal in a direction opposite the sound measurements.
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Optionally, the sound neasurenents are at |east partially canceled out within
a region of cancellation and the system further includes a response m crophone
to coll ect response sound neasurenents at the region of cancell ation.
Optionally, the processor tunes the cancellation signal based on the response
sound neasurenents. [0009]1n another enbodinent, a fan unit for an air
handl i ng systemis provided. The fan unit includes a source m crophone to

coll ect sound pmeasurenents fromthe fa it,. e j . cell ation
si gnal that P“%@@%PwﬁawFﬁ%? vwggﬁ%grgp%%¥5%ﬁgﬁg%ﬁ%%%ﬁ§g§ﬁ%§§§ﬁﬁg_aﬂ speaker
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[0010] Figure 1 is a perspective .view of i : I i e wth an
enbodi nent . FUB_TT P%ﬂ%%@égﬁg‘SQB%Pﬁ%%%?ﬁg%Evpgﬁﬁb ’gﬁékgg%&%?&%ﬁggfan arrays
i'n accor dancemnwvdifatiorasignehtizsdi avgin resjod@ b2t measwgeBerits a schenmatic view of a fan

unit in accordance with an enbodi ment.
: [0009] In another embodiment, a fan unit for an air handling system is

provided. The fan unit includes a source microphone to collect sound measurements
from the fan unit. A module defines a cancellation signal that at least partially cancels

out the sound measurements. A speaker generates the cancellation signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a perspective view of an air handler in accordance with an

embodiment.

[0011] Figure 2 is a perspective view of a stack of the fan arrays in

accordance with an embodiment.

{0012] Figure 3 is a schematic view of a fan unit in accordance with an

embodiment.

[0013] Figure 4 is a flowchart of a method for a dynamic feedback loop in

accordance with an embodiment.

[0014] Figure 5 is a flowchart of a method for providing active sound

attenuation in accordance with an embodiment.

[0015] Figure 6 is a pictorial graphic corresponding to the active sound

attenuation method of Figure 5.

[0016] Figure 7 is a schematic view of a fan unit in accordance with an

embodiment.

[0017] Figure 8 is a cross-sectional view of an inlet cone in accordance with

an embodiment.



[0013]Figure 4 is a flowhart of a nethod for a dynam c feedback | oop in
accordance with an enbodinent. [0014]Figure 5 is a flowhart of a nethod for
provi di ng active sound attenuation in accordance with an enbodi nent.
[0015]Figure 6 is a pictorial graphic corresponding to the active sound
attenuation nethod of Figure 5. [0016]Figure 7 is a schematic view of a fan
unit in accordance with an enbodinent. [0017]Figure 8 is a cross-sectional

view of an inlet [6(9@]3 i @'ig%?ecgrigarggﬁeﬂgﬁ% hqe%&p of qbtgr(ljlunnf?% ‘accordance with an

embodiment.

[0019] Figure 10 is a schematic view of an active-passive sound attenuator in

accordance with an embodiment.

[0020] Figure 11 is a chart illustrating noise frequencies attenuated in

accordance with an embodiment.

[0021] Figure 12 is a side view of an inlet cone formed in accordance with an

embodiment.

[0022] Figure 13 is a side view of a fan unit formed in accordance with an

embodiment.

[0023] Figure 14 is a front perspective view of a fan unit formed in

accordance with an embodiment.

10024] Figure 15 is a front perspective view of the fan unit formed in

accordance with an embodiment and having a microphone positioned therein.

DETAILED DESCRIPTION OF THE DRAWINGS

[0025]  The foregoing summary, as well as the following detailed description
of certain embodiments will be better understood when read in conjunction with the
appended drawings. To the extent that the figures illustrate diagrams of the functional
blocks of various embodiments, the functional blocks are not necessarily indicative of the
division between hardware circuitry. Thus, for example, one or more of the functional
blocks (e.g., processors or memories) may be implemented in a single piece of hardware
(e.g., a general purpose signal processor or random access memory, hard disk, or the like)
or multiple pieces of hardware. Similarly, the programs may be stand alone programs,
may be incorporated as subroutines in an operating system, may be functions in an
installed software package, and the like. It should be understood that the various
embodiments are not limited to the arrangements and insirumentality shown in the

drawings.



[0018] Figure 9 is a schematic view of a fan unit in accordance wth an

enbodi ment. [0019]Figure 10 is a schematic view of an active-passive sound
attenuator in accordance with an enbodi ment. [0020] Figure 11 is a chart
illustrating noise frequencies attenuated in accordance with an enbodi nent
[0021 ]Figure 12 is a side view of an inlet cone forned in accordance with an
enbodi nent. [0022] Figure 13 is a side view of a fan unit formed in accordance

peh an embodi mer,q 0028) T FSei.” ah %l B IRRECH Y& YhfttarClng? fan unit
proceeded with the word "a" or "an" should be understood as not excluding plural of said
elements or steps, unless such exclusion is explicitly stated. Furthermore, references to
"one embodiment” are not intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited features. Moreover, unless
explicitly stated to the contrary, embodiments "comprising" or "having” an element or a

plurality of elements having a particular property may include additional such elements

not having that property.

[0027] Figure 1 illustrates an air processing system 200 that utilizes a fan
array air handling system in accordance with an embodiment of the present invention.
The system 200 includes an inlet 202 that receives air. A heating section 206 that heats
the air is included and followed by an air handling section 208. A humidifier section 210
is located downstream of the air handling section 208. The humidifier section 210 adds
and/or removes moisture from the air. Cooling coil sections 212 and 214 are located
downstream of the humidifier section 210 to cool the air. A filter section 216 is located
downstream of the cooling coil section 214 to filter the air. The sections may be

reordered or removed. Addition sections may be included.

[0028] The air handling section 208 includes an inlet plenum 218 and a
discharge plenum 220 that are separated from one another by a bulkhead wall 225 which
forms part of a frame 224. Fan inlet cones 222 are located proximate to the bulkhead 225
of the frame 224 of the air handling section 208. The fan inlet cones 222 may be
mounted to the bulkhead wall 225. Alternatively, the frame 224 may support the fan inlet
cones 222 in a suspended location proximate to, or separated from, the bulkhead wall
225. Fans 226 are mounted to drive shafts on individual corresponding motors 228. The
motors are mounted on mounting blocks to the frame 224. Each fan 226 and the
corresponding motor 228 form one of the individual fan units 232 that may be held in
separate chambers 230. The chambers 230 are shown vertically stacked upon one
another in a column. Optionally, more or fewer chambers 230 may be provided in each
column. One or more columns of chambers 230 may be provided adjacent one another in

a single air handling section 208.



accordance wth an enbodi nent. [0024]Figure 15 is a front perspective view of
the fan unit formed in accordance wth an enbodi nent and having a m crophone
positioned therein. DETAI LED DESCRI PTI ON OF THE DRAW NGS [ 0025] The f oregoi ng
summary, as well as the follow ng detail ed description of certain enbodi nents
wi |l be better understood when read in conjunction with the appended draw ngs.
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side pancls 256, 258 and 254 extend beyond a downstream end 259 of the motors 228.

For example, the panels 254, 256 and 258 may extend a distance, denoted by bracket
253A, beyond the downstream end 259 of the motor 228.

[0031] Figure 3 is a schematic view of an individual fan unit 232. The fan
unit includes a fan 226 that is driven by a motor 228. An inlet cone 222 is coupled
upstream of the fan 226 and includes a center axis 261. The fan unit 232 includes an
upstream region 260 and a downstream region 262, A motor controller 264 is positioned
adjacent the motor 228. Optionally, the motor controller 264 may be located adjacent
one of top, bottom and side panels 256, 258 and 254, as shown in Figure 2, and/or remote

from the fan unit 232.

[0032] During operation, the motor 228 rotates the fan 226 to draw air

through the inlet cone 222 from an inlet plenum 261 toward the downstream region 262.



[0028] The air handling section 208 includes an inlet plenum 218 and a
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microphone 270 is positioned within the inlet cone 222. The source microphone 270 is

configured to detect the noise vector 266. The step of detecting the noise vector 266
includes obtaining sound measurements having acoustic parameters. For example, a
sound pressure of the noise vector 266 may be obtained to determine the acoustic

parameters. The source microphone 270 may be positioned at the juncture 278 of the



It should be noted that with respect to airflow, "upstreant is defined as
traveling fromthe fan 226 to the inlet cone 222 and "downstream is defined
as traveling fromthe inlet cone 222 to the fan 226. The notor controller 264
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vector 266 includes obtaining sound neasurenments having acoustic paraneters.
For exanpl e lotighemaicpmpd - divtioplynwicsephorss 1267 anbB34vmgy bepoificarhed to

det er mi ne t REuACAHSEAGIDRRIREE IRatiohD6F HOMIF Eoplngs Ophone 270 may be positi oned
at the juncture 278 of the inlet cone 222 and the fan 226. Optionally, the
source m crophone 270 nmay be positioned along any portion of inlet cone 222 or

upst ream from t hEOP| et Migprbiones 2282 9d 254 bizs cgpinstrspvisonssatahaeite s¢ 8t sour ce

m crophone 24% s heisateduédubish WehhiroaMeAtAN8bissS W fiae@e289 BE §iGedn| €t cone
222 to reduce disturbances in air flow through the inlet cone 222 Optionally,

the source MUEPHINGTE? 206 tifadP o BmgmicEpleRs Fiteat cubiavtially the soB8 B a boom or
bracket. [O0QBReldt, 4 tifle BRI BetyRIEh Ao BBIm mbdMshheRI R chbiz RPARASGs 70 | ncl udes

a pair of m crophones configured to bias agai nst environnental noijse.

Opt i onal |y, 2RfhEPSEEHTR EucriRhops Aotsasirgile &1 3P n Aceridngfethaf@ iR 6MEbe The pair of
m crophones disagsuiles BmdBVREiFoRABMAN KHRRANR: &f%oRhiARMPH f8RMYK Crophone
284. Optionally, source mcrophone 270 may include a plurality of mcrophones
configured f8"HhaBoise&FAE300enyi ronmental noise. In one enbodi ment, the
upstream m crophone 284 may be positioned approximately 50 mmfromthe

downst r eam mi cr of@iodTie 28 spEkki DRAGL bositiontChHRpRENEom A&ZinRNEbn2 842 Maye have any

sui tabl e spacing., Further, in_.the ex |.ary enbodi nent, m crophone 282 is

posi ti oned isﬁeag%ﬁéﬂaﬁg?ebé'lcﬁ‘fe{]ﬁ%mﬁa"r?éfg%%@?% %@ngl'r afml%r PR J SREKF cr ophone
284. Opti onalh yaynbeC FBREGIIC S0 St ot ehllz SfanBRYenD Eoa0 S I iaf Nfbolidehd, Mhgi f f er ent
circunferentia 'ﬁ%ﬁ“ ons of the inlet con .223. f£0036ﬁ crophones 282 and 284
bi as agai ns FPEKY Ffeﬂ]tachOdm‘és@Be las a limited effect on the fan performance.

For example, the speaker 274 may be domed-shaped. In the exemplary embodiment, the



6n|y fan noise is attenuated. Environmental noise is detected by the upstream
m crophone 284 and the downstream m crophone 282 at substantially the same
time. However, a time delay exists between downstream mi crophone 282 sensi ng
the fan noi se and upstream ni crophone 284 sensing the fan noise. Accordingly,
t he fan noi se can be distinguished fromthe environnmental noise and the
envi ronnental noise is renovable fromthe noise vector 266. [0037] The speaker
274 is posit 0 2 2 may
fabri cated {IOAa 2nery BRER b REol Uil SRS 288 Qpl BRI S REASEICA IR "Y1y
be fabri cat ethay lbcrwmeﬁugtqn@af banelsr2ansidraadt258 onta ﬁame 2. efdsbidnabintthe t he
speaker 274 t o] e fan
per f or mance. g@%@?éiﬁﬁlgfgy&g oﬁ%dﬁfék e%rn A;?l& fjaﬁiﬁmganld ézgh gedqgg egxhatg 01&{:
exenpl ary emnummxlretfhleums @akmk@m4 ss‘ﬁlhmdn’tfléﬂdh@wnu:r @m %ﬁiobfcbhe ighetvi [ ar nount
286. Optiona h e b s #Rh4, 256 and
258 or to frgérrné 2%24%p2§§ﬁ{§'i E)hﬁgs;fakgp‘?ﬁeﬁg% gﬁ)g‘r&qf{?% %@%e e %@g?ﬂ oned upstream
of the fan usictkea@® vephisgbe ewgleddontndahucntsr pwh 3el. v\ﬂnempﬁakphéﬂetmnsm@s fan unit.
The speaker j skberisnhsiuasane 222.
Optional ly, %rhéehegéagg{} %@(g%%n%vt}%%?%%ﬁs%é?&ftfgg{rﬁoﬁg}%cgjrﬁt Iér' axi s%ugl_. The
speaker 274 mwraz%asbe iavegleé dotsovartdr 26 hedng en opndsiie 2Base AHemggdnaker 274
transmts an u e 8 e vector
266, The-at ¢ SIRLIFoRt hE Bk Fo 2600 THE MRE AR BB AP ey e o o
opposi t e phawih drdoiravedirgo sngshémtgde aténuathénoisd wetoy ¥k lowin® @6 amPlifadat t enuat i on
vector 288 d S erate an
2t tenuat ed ngy SRS Yoy GELBIG bl ooEge REISE ath i hOnENS
Optionally, t'drtv@ratdus:m;atamwgerwdhabtheaaama@dumveatw%}ls iudiblei se vect or
acoustic paraneters so that the attenuated noi se vector 290 is inaudible.
[ 0038] The responsgoigcr Olﬁllaqgs%ogsz%m'cl%pﬁ(gr%' 1700 §dsiHRRH u?ﬁf@aﬂfottth@ SR ce
m crophone 270 and within the region of active cancellation 268. The response
n cr ophone 2miErephone @ aad leﬁ%fh thg sagdprt Pk apthvs eanedliptione 80D 8 OThsf repndss nl et cone
222. Opti onal ¥opnbile2 7L RPRBREGN Hhddl ARLOBR I&Y& SBYce20eatmt QMR Cbrkeacent er axi s
261 on a boom orp bracket. Additionally, the response m crophone 272 may be
posi ti oned i Aptidrelly, fherespsmanmisrapbonca ity By gpeid eaAddhe eopterfaais 26Aian 2 The
response m CEARNGNGEP ASaifRailj, I Rebdn& ARIGRbn 118 Ry RMBkBdRiRe vect or
266. Detectin ﬁtn&gttenuatled noi se vect or (SJ% r|1nc udeyts obt all ni ng%sound
measur ement sin \piqqgma’%ﬁé@tﬂ%up‘éﬁc@smféh@ fanpesit. o Xaghriseonse MiGoRlep2ésdure of t he
at t enuat ed n&&lﬁ NE G Qéteé% 9 Hhul& RELALOSY 168, dﬁ&@&ﬂg e bRRuACPHSIEd C
parameters. escrib in nore detall below, the attenuated noise vector 290
i's conpar ed Y@tor R@O nmlws whieinbiz 9e8d mragiEergniy kRvinghacpwEe PaFRECHY s€% ect or 266
has been redé;& ﬁ)‘uhdﬂ F@é&éiof[ﬂ%%%%?l'{a&ga st X/ectBIhQQWQia§eoeV§&519éd %66 remains
uf t Seratl on of a

dynami c t hrough n unit 232. Accordingly,
attenuati on determine thg8coystist payaneigseli ﬁsei&sqnbechwaw@retdﬁaelﬁszgeéhq #teph?ée%m se

vector 266. JHe akienyatd gragq%%@mse M%?%& It@aa%metahahérhﬁe h@g unit 232

to nodify the attenuation v tionally, the attenuating nodul e 276
may be posi tYesmaﬁwaﬁﬁﬁﬁmrﬁmecb@rreh@lrr@t?ésm ng system 200 or may be renote
therefrom The attenuating nodule 276 may be programmed internally or

configured to opgpgHos SalyhiANS 18E QoRE RBoA 266MRMkAS dyRasiabhupRat URB

operation of the fan unit 232. Accordingly, the attenuation vector 288 must be modified

to adapt to changes in the noise vector 266. The attenuating module 276 is positioned
within the fan unit 232 to modify the attenuation vector 288. Optionally, the attenuating

module 276 may be positioned within the air processing system 200 or may be remote




[0040] Figure 4 is a block diagramof the attenuating nodule 276 electronically
coupled to the source m crophone 270 and the response m crophone 272. The
attenuating nodule 276 includes an anplifier 302 and an autonatic gain control
304 to nodify the noise vector 266 detected by the source m crophone 270.

Li kew se, an anplifier 306 and an automatic gain control 308 nodify the

att enuat ed noi se vector 290 detected by the response m crophone 272. A CODEC
310 digi tal |y eRaRdese a&bﬁumg%dﬁfﬁ%eﬁl&@@p@g&r&rﬁa iﬁéﬁawtcsgf%%d%s vect or
290. A digital signal processor 312 obtains the acousticC parameters of each
vector 266 dpgrapgoftwamsstojedengreempyter readaplamediuk i | i zi ng an adaptive signa
processing algorithm 314 to determ ne whether the noise vector 266 has been
attenuated. Basegooap] t h@igapaid sOblock hGiagbiedbiaht OfteABELY emdit modi fies the
attenuation vectar 288, which is digitally decoded by the CODEC 310,
transmitted FETEHAMSOIRIFE 189 BowreemictoRbaik Y @ 1§ reshenss uaREione 7742

[ 0041] Fi gur eTHe attbrudiitg BbdSe Z76TRINRRS arft @I fflRf 3CdnH Ve adbhatuald RArafioh he noi se
vector 266. Figure IS a pictoria ic corresponding to active

6 torial graph )
at t enuat i on. '™ BIAYE JhopUTeatseloh 28¢ detrrteds binthg spyroomrriphanc efls Mibeiito 1 266 travel s

fromthe fammpnkitr 3%nd Ah adtBRatict Pieh SAHEICIDS TS RROAENAEA ndRE O&k@ 2bbe noi se
vect or 266. the noi se vector 266 _may. include detecting a sound

tecting .
prcssurc, i ﬁ@&ﬁ’? BEyErRepss PSHREMGZ8f 4 HFOLNG 1 digtallyenorlss theeishoi se vect or
i s detect ed \asor2osave fiRaftihldd naise wbE¥Ol I e 5ign prob&84 21 PbbtdRthe
environnmental nqise is regov d fromthe noise vector 266. The_noi se vector 266

i s detect ed BHYHOPHIPHES S tPEIT 40 0 Sphohe WIS ATe cqmRaredEHizIBE AR ni cr ophone

284. The dovdagdiive 3ighdlipescenhiaBrodthén 3 B 1B USteiniiR RBlethdr ABoide Areéthie2doafas 226 al ong
the incomng air flow path than the upstream m crophone 284. Thus, the

downst r eam rACE} 8iREFES- D Bosed (i ihe SempHisons Jhm ateruation readule &/ orpesiiesHhe f an uni t

232 a pr edettmiatigtvdcion23 N Whichds Sigffyletdied AR GO 3 108 aath@Rdanb an ar e
acquired by the _upstream m crophone 284. The downstream and upstream

ni cr ophones 2X¥Hgnd 68 lransgyifted by thesheake Jund at slightly different points in
time. The time period between when the downstream and upstream m crophones 282

and 284 sense thgoddyMoORigaeUNillustidesteinehsd AE0D ictiveeatspatdner ke ndisst ance

bet ween t he downstream and. upstream m.crophones 282 and 284, al ong the air flow
ot he oA dol aoEbR e SO s AP SPHE R BPPOa S Sae FHCHUITc o Pt o | he

si gnal fromdpheticovtiibd faganit D3Xthe pbienecdB8266 ived Giom the dinfuhRP8NCAt 4, Obt ai ned
bet ween the signals .framd tream and upst m crophones 282 d 284. By
adi usti ng t HB° Fergyicpphbng 4 G} BRiteoiEionsAs: |Reielic POSOECEEARE i ve 1o
sound ori gi nadyl inglude @sBctng 8 kbund Prasuréliifitetsity ARd/of D] cAsof ShiChhiseetedof onment al

noi se, not gz% ei{ﬁ;\ted b thedfan unit 232, ‘bﬁl fiéter.e .fromthe noi se vector at
266 by setti g G 1ORE VP Ay ARt SEs A VRO RsTS SRA R Bithone 282 and t he
upstream m crophone 284. Sound pressures received by the upstream m crophone
284, not first r@gddllvedAbyid, Revicowasthl sasn inirenoph diven B8 hoisavectomztiocat i ve of

envi r onnent notse that is t . gene the fan 226. ordingly, the
nmet hod 400 ﬁhletneo%sg VS% - trzlttsjén-lsf g%ec&% ?y E\’(gtlhgtg% %é%sﬁrfe%fuﬁvpl%%gégg getﬂ% crophone
270. Opt i onaipbtyeami rhictoplona @B4.e Theddvostr@6bmicgophate 282 tihpasitanedatickebloghs ange, t he

i or ophonbs Tkt eguats e SElda B FOOl s Bt iT 2l e ot ner)
filtered fanlownstteamaonisreplaing2a?t adqmirgy thel saad mcpObetddnit frofd Ghe fhenif 232 er ed f an
uni t noi se ip%ed%trélan!li}{ezde gmg %egcpcf gfi:fcr)]revtﬁ‘el: Ui go%d tnpegsurements are acquired by the

upstream microphone 284. The downstream and upstream microphones 282 and 284

sense a common sound at slightly different points in time. The time period between

when the downstream and upstream microphones 282 and 284 sense the common sound
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acoustic parameters 411 of the sound neasurenents. The acoustic paraneters 411
may be cal cul ated using an algorithm determ ned using a | ook-up table, and/or
may be predetermned and stored in the attenuation nodule 276. The acoustic
paranmeters of interest may include the frequency, wavel ength, period,
anplitude, intensity, speed, and/or direction of the filtered fan unit noi se.
At 412, an attenuation signal 414 is generated. The attenuation signal 414 may
be generated.b t t Vel SLRRT drb&enf ikt &Fe (e daD s ivhstRgi,se 408. As
shown in Fig U Xet%?‘&%ﬁeﬂ);;?ltee 'W?on s%gnca 41 4nhas an equal arrp?igtude and a
wavef or m t hatncrcsnhg_@@ Za%gmdaé&él dong Gf apifleseraii-t Kk ddny doresnonding foaic Gt noi se
wavef or m 408 dtoth

d P mR AL YR A0 45 SRelm fidodiind S@NSpEed to the
speaker 274 ?eﬂk)ggl%gkﬁnééfl%e enugﬂiﬂon vect or 288. %ﬂ a;tltenuatl on vector 288
is transm ttedﬁffd@mss oldaingd bqetvaaeuitheéagnﬁl@ﬁompb@mﬁteemtanéump%nwmmvesz66 The
attenuation 8¢ A LI AYsoRR bikiBa 805 RRARIII & &
relation to e&gglﬁﬁ tmé‘g%g %{uss the a ﬁuati on vector 288
destructi velt}bspmtd@mgmammamwquﬁéemnse vector 266 by reducing the
anplitude of the noise vector 266 to approximately zero, as shown at 418 of

Figure 6. It shoybgis Cge mats%@h tehtonhf3BaPHG hvd@nbrakd b thedmans 430, any range
that is inaudible. tional , the attenuati on vector 288 nay reduce or

el i m nat e aniltegdniem decontei Y?Cié‘élataﬁ@t'@f seiing; hEmp Gplay deBEe fhe SSRDSUERMt ner , i n

the exenpl ar yieipRGH 7@ Nind thdBpsAtie BUSLHIRA: L84 BburkBFtedstret kd¥BideS By tHeat t he
noi se vector 266 is attenuated wi_ithin the region of active cancellation 268,

t her eby al sourstream mipromigng B met st yeeeivesh bYZé’B‘ Wélﬁtfe@%‘nmﬁol’ﬂl?@ $¥gfSn of active
cancel | ati onpdiive L@%@Lﬁﬁm&ﬁ%m& hﬁt s &5P %ﬂ&%te@b? RHRARONES. 242 ofliHg L Gfes t he

attenuation of the noise vector he exerrpl ary enbodi nent, the response
m cr ophone 2mstherh APG GHeys toHk naﬁa@n%tt P%Wslaﬁq‘%*’iiél M 'ihﬁéo“rﬂ& migepfoRe P& n real - ti e

refers to aC@f)ﬁéﬁ!ﬂyy PME t8fsk REctbiNBs60d B WdhinOR ARKANS, RNMAL ayRCt Or 288 s
transmtted fromthe speaker 274, 0047] At 422, the response mcrophone 272

det ects t he ignaredippathe alleraating msuiei76.2 Gnce the signals from dhegpicprioneedS2@se vect or

290 i s conmpajgdd Ebrﬁth?edr{ggs@uﬁfﬁ&%@ﬁo&%e%@otﬁé’rp\é' fiRra My tabhéisd ggdback | oop
that adjusts and tunes the attenuation vector 288. [0048]Figure 7 illustrates

a fan unit 5@educed-accordance with an enbodi nent.

[0044] At 410, the filtered fan unit noise is analyzed to obtain valves for the
acoustic parameters 411 of the sound measurements. The acoustic parameters 411 may
be calculated using an algorithm, determined using a look-up table, and/or may be pre-
determined and stored in the attenuation module 276. The acoustic parameters of interest
may include the frequency, wavelength, period, amplitude, intensity, speed, and/or
direction of the filtered fan unit noise. At 412, an attenuation signal 414 is generated.
The attenuation signal 414 may be generated by inverting the waveform of the filtered
fan unit noise 408. As shown in Figure 6, the attenuation signal 414 has an equal
amplitude and a waveform that is 180 degrees out of phase with the filtered fan unit noise

waveform 408.

[0045] At 416, the attenuation signal 414 is transmitted to the speaker 274 to
generate the attenuation vector 288. The attenuation vector 288 is transmitted

downstream in a direction opposite the noise vector 266. The attenuation vector 288 has
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The fan unit 500 includes an inlet cone 502, a fan assenbly 504, and a notor
506. The inlet cone 502 is positioned upstreamfromthe fan assenbly 504. The
inlet cone 502 includes a throat 508 positioned directly upstreamfromthe fan
assenbly 504. It should be noted that with respect to airflow "upstream' is
defined as traveling fromthe fan 504 to the inlet cone 502 and "downstreant
is defined as traveling fromthe inlet cone 502 to the fan 504. A source

m cr ophone %ﬁa&ﬁng%bﬁm@mﬂ ayb&slme BhdsB Ie%emo 0Ro0f vdch 266! ehusCRe 502. The
source m crophone include a pair of mcrophones. tionally, the

source m cr oPRBHES YEtagyS ﬁ%é?‘ﬁﬂélyéﬁﬁﬁef%ﬁfé"’h’il'@flrtbfpmﬂﬁ?éfectw iby reducinggeaker s 512
i's positionege sagithdamde rn%btz&%or%@mo% 10k SR RRNARE a2 dwn @PA 18Ut @lduyo 6.t NET € MY

be additional speakers 512. The speakers 512 "are positioned w téﬁll n the inlet

cone 502. THE skayihRepated hat thecampbifudg ymrynfecigiinopd éo any goeethat i infuditde.an ef f ect

on the fan pesRAAIRREE attdatR @é&tb@dzs@‘elﬂay ddi& SPERKALS R 2otfdrCacBRgkt i oned
within the sanme cross-secti onaﬁﬁgl ane. Optionally, the Speakers 512 may be

of f set fr omISFEckH 6f e poissyeeies §éﬂhqrcpé1§wesmlw4mbgd1@@t§4 the ¢eeertigpst r eam of

the speaker sveétlazzssﬂganfe@w@faﬁﬁe hisd @&t&?@@s R lftedufiiel 93thin (RORGioWoF RitRet he i nl et
cone 502. Optionally, the response m crophone 514 may be positioned upstream

of the fan uRnRElsdY. 26F>Gb‘?¥§]>1\%h0§ém¥j‘é‘ﬁé$ the agispyectds 26§ wpstremof thevagiog ofipst r eam
The noi se i s,cgel&atdchidypsthe source m crophone 510. In response to the
detected noi se, the speakers 512 transmt attenuating sound fields configured
to destructively interf with the nojse, The result of the destructive
interference is é@g@c gtg% {PFerePROBYS SRS EOPRITE 25 A IARHOTS 11 ASNY3HOR, PLid 2  eedback

| oop to the ®peakess2661h thk CRAMNATY erb&lifert, theigbioatsicRphiRST2 sRaldeN of an
inlet cone 550 in accqr da{‘uce with an enbodi nent. The inlet cone 550 includes a

source m cr dPhAHFEUELD I H3l-UBe s rsedsligren TRk fifEs Gigivey mEoEtheng t he

speaker s 55AtaiRtiadahhd@shiaionediod Oswie sheastditom Basaiet ber. Optionally, the
source m crophone 552 and the speakers 554 may be p05| ti oned al ong any portion

of the inlet con n Addi ti.on one 50 may i ncl ude
a pair of sour ce?%&z{ op%‘gﬁg‘g %%iesg?’fﬁ?d?l‘“gaéf’“%tﬁ%e eteB%‘g tg‘fbé‘ ?tg 584° In the
exanpl e embodiinEf0, Ahe24shibetenatdicgehecer BH2s enthatddeo thp@aiseratd3ds are each
positioned in_th e cr ect i naI Ian of th et conge, 550.

Optional ly, t?R%?"@SﬂS %F%’Bﬁb rg‘ %‘E Cﬁtéme'fﬁlé L@‘%‘QFCWﬁgggbe of fset from
one anot her. [0051] Noi se travels through the inlet cone 550. The noise is
detected by the §WdBlce HigoredpHustmtcss 2an tHie508 fie adcerdance Iveth agesndoditrentan
attenuation iveelby i r t S

[0052] 71 gur o8 10 i dpct e P ek Bl B TS, 30 ehl o gt 65T o v
The fan uni tinl§0@nE 362 wdmsitiamedi upsie¢amcihore tE0Rn asscinbly ¥4 s dinbliyeto®ds 58hd a not or

606, The 1 iRy EON8m0030k 5RARLE KRNRT.MASH SBIAJ AM.LNG(30: 2R3RARY Y 004, An

inlet plenum rom i'n shoul d be
not ed t hat vhemhtedtﬁslpmth retsmecatoreﬁﬂﬂow“ﬁpqnsam’émrd%ﬁned aglehveliegliras the fawéd4 ng fromthe

fan 604 to tg' the é@ét cE)neC & O(?o t}ieam 1%6%%&? asrn'avehnﬁq}%fn{ HE %e%%o&erﬁy ?(% ing from

the inlet cone A'Source e cropnone & I'S poOSitioned
within the ithd fan 5@41ne$ ﬁﬁﬂm n’ﬁbteplsmelﬁd:@smosmmpﬂdomémﬁﬂt@ thrayt S0R oI debeinket pai r of

m crophones 'cor%3 gdZO nﬁ’lle lsgurcet lbuecro%gonecﬁo %a%ru? u eréepag]é MICT Xphones L@p%onzmy,
the source microphone 510 may include only one microphone. A pair of speakers 512 is
positioned upstream from the source microphone 510. Optionally, there may be
additional speakers 512. The speakers 512 are positioned within the inlet cone 502. The
speakers 512 are acrodynamically configured to limit an effect on the fan performance.

In an embodiment, the speakers 512 are positioned within the same cross-sectional plane.
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one m crophone. A pair of speakers 612 is positioned within the inlet plenum
608. Optionally, fan unit 600 may include any nunber of speakers 612. The
speakers 612 are aerodynanmically configured to limt an effect on the fan
performance. The speakers 612 are coupled to a strut 614 that extends through
the inlet plenum 608 and across an opening of the inlet cone 602. The strut
614 is angled to angle the speakers 612 with respect to one another.
Optionally, the strut nay be arcegﬁa configured to retain an unber of
speakers 6120P4a%3 thioiPsekeet & raay %ge U 08ROt rqa’i?EHOE‘SEu‘B?{(iPE%ﬁ?\ The noi se
is detected fy fsheosRBHEL Bpstitdin QPN EpcAkDs 51N ridspepsaset mickdphomtes Bicised noi se,

t he speakers 612 transmt _attenuaf}' nggs(%l%ﬂd Li el ds confi gureﬁq to destructively
interfere wiRNtep Wihg dhe iplsoeons p %u tiopglly, the,eppoRtaRicEiRiaNe 3 1 29 %si ve sound
attenuation E&Mﬁfbﬁéﬂ@'&&gﬁfbf@ﬁﬁ@{ﬂﬂﬂ’ﬂ@e_ wi th an enbodi nent. The system 650 is
positioned within an air plenum 652 having airflow 654 therethrough. The

pl enum 652 inclu pair_of |].s .656. 1l s _656-are.ar. in

paral lel. Opti oni&qa&?? tﬁg’m\féﬂe\gﬁ ﬂ?reagmngg%vééfggaaﬁa?hTﬁ%goﬁgé%‘?t%?egach ot her
to provi de abypthersoticwingdthplionhatsleorly eespasse dodihodetelitadenajes thefspbakkfs| 2658 i s
positioned within the plenu . Alr channel s. 660 2 nd. en the
baffl e 658 a‘FFcTS‘P%&Wé{PtP‘? S%%@fg?‘% C?‘ﬁ{egug%et?r%ﬁsg}l%/wglﬁbnge ?eg%‘ﬁﬁl?‘({hgﬁg‘segﬁgﬁr%ﬁe| s 660,
662 have equicstdll efnthewlesituetivetGerfefdntd onddtdcyed hshthebadpbhe BEBphene Hléd positi oned
so that the w déhs 6&4 of cpe}ﬁnel 66‘5(3 and 662 differ. The baffle 658 is also
posi ti oned i HOPSTF AfPdrckorh O B PEATT S 1656. Optional I'y, the baffle 658 may be
angled with respect to the walls 656. Additionally, the baffle 658 may rounded
and/ or have any M@#0] i nétgurcshdjvstrateblaecrprafsedtion o Bi8Inigh epnedd0dn sesaridnast t enuat i ng
material . ThePihAhiahUAlfe SR & ifludias Sl SpndRdst M egeliaur ed to
absorb sound. For exarrpﬁ e, the sound attenuating material may rnclude a

fi bergl ass cire.TheG0EE] misenhrees3?i o dihinsekescP4) ase pash ippsiened QidegiPss each wal |
656. Optional | h o] i.C i Ll i y one wal l
536, At er naft s Ciihc pE G e B R oo e RO St e t he
baffl e 658. pbeigioswialang any pertphefitke i8BBcama yirgyenfprerdet Adadidnaliysthe wdgicdncom t he
baffl e 658 o opt.l | . f I 670 are
posi ti oned varstﬂ s ﬁe&véa %lrs&%ggé ¢ k? %@hﬁg%i@vsglqg?@on yﬁgﬁgﬁ%fa, %E%J?%E% may be
posi ti oned vintthe exatriple enetiolimeTty ¢hesyormk aricret@nerf§2 adsibe breaksos P14 @Redhwi t hi n t he
baffl e 658. Th e r ' Lit | f e

m crophone. dBATOTA TGS salf Gal iRl RTCLEHRLEERT, GrRhlne Rtk

downst r eam fmiorophdre 52 kdd the §E8emafd4 conmfbe glfset domenelpnadieer. at t enuati ng noise in a
counter-direction of the airflow 654. [0056] Noi se generated within the plenum
652 travel s upst r&am W tRiRinhd oA the The: RAL 542 Bir3oRE QVdefeRd BRgRI ve sound
attenuation. Additionally, the source m crophone 668 detects the noise to
provi de act isperce auiggrkaneetfdat o sperkess dhpaagcapratesdp alfgnysion Lurd Seidnig

attenuating d%ﬁh&ﬁvé&%in?é?fe%%ﬁﬂtﬂ@ﬁ&é’c.e' y interferes with the noise propagating
t hrough the plenum ©652.

[0052] Figure 9 illustrates a fan unit 600 in accordance with an embodiment.
The fan unit 600 includes an inlet cone 602, a fan assembly 604, and a motor 606. The
inlet cone 602 is positioned upstream from the fan assembly 604. An inlet plenum 608 is
positioned upstream from the inlet cone 602. It should be noted that with respect to
airflow “upstream” is defined as traveling from the fan 604 to the inlet cone 602 and
“downstream” is defined as traveling from the inlet cone 602 to the fan 604. A source
microphone 610 is positioned within the inlet cone 602. The source microphone 610 may

include a pair of microphones. Optionally, the source microphone 610 may include only
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[0057]Figure 11 is a chart 700 illustrating noise frequencies attenuated in
accordance with an enbodi nent. The chart 700 includes sound pressure (Lp) on
the y-axis 702 and frequency on the x-axis 704. Seven octave bands 706 are
charted. Each octave band 706 includes a peak frequency. The peak frequencies
illustrated are 31 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz, and 2000 Hz.
The domi nant noi se conponents generated by a fan array generally have
frequencies jn conn h th ea r.e qQr.

enbodi ments J&str gle{((’:flcher 10 Ar' eﬁ(grr?lé‘%léllf OSclon “Gtrhlendﬁ}e 191'5{]?18% “é?@fno. se

pr opagati ng @ptianh@ [ﬁaalmtfaoequgmmitdeamaneavfesp@&ﬂdﬁ?mﬂle spake ¥dhpke, a

dom nant fre qnent en i nclude th s frequency
of the fan. y?) a g{r%%ie ‘::rdce][all}erhltcy e?ij‘seat? {ﬁgeyfﬁln Re nﬂlgqcﬁg%{’%sé)e%efsr)%gm ng. BPF =
(RPM * # of dbadgdyd fo $6twih@idethnr ERfads shroved the ade Pasm 608eamlemqss aRPM is the
rotations per mnu of f n bl a st he an bl ades.
Typi cal |y, t e ofad Scﬁle lglg’é (%rggger@ygrf&s% 63{‘)19?%1 gﬁg 5?%/6% ‘ﬁgg Wl‘[Lrequency
travel s at alpmecm:nrmae edtqthe?OO@ﬂor[#By, the gort diap Gk yreed amdobané gireddfo rbﬂam anpvention is
to attenuate na h| the range of 250 Hz. Although the enbodi nents are
descri bed with' Fi(gfssgv%k&tgoﬁattenuatl ng noi ses having a peak frequency, it

shoul d be noted that the enbodi nents described herein are |ikew se capabl e of
attenuating any f0®dliendipise eproosa] it ine 60travsls apsiieaie. Vheawisgfis defeciedl et cone
800 Tor med 18, AEOLAAGEMICD 30 SHBOILIER the dfect ! flscC R lgyg| udes an
inlet 802 an lg’an out | et 27 n an exg rEF " %: manSe %géﬂgﬁg? 802 and the
outl et 804 m@naaW#M|sp@d§1¢hipeonﬁgh@d itOrﬂeétwcsmiy mmfea: whdhmmma that is
greater than a width 808 of the outlet 804. The outlet 804 is configured to be

posi tioned adj acems4p f ipuhRallu@htedal RRvalpistive dn@RERSIBAE HstBNEs0 ik he out | et
is coupled to the fan wheel . An internedi ate portion 810 extends between the

inlet 802 ardeqrd@ceith ap ergepdiment Tiesyptem §39 fsppationsARGRINARHT Planie At er medi at e
portion 810 Ha%ing YhrBH 656 FherdtRoSdHAPERe Pifhud £ RabiNe SbadiIBsE. Thie

intermedi ate portion 810 may have any suitabl e shape. [0059] The i nternedi ate
portion 810 VHEICHAas a&“alﬁﬂeéﬂlal’flr%l&'?l ofrtigpalis theawllga3d mpy brepelen 8itBrePelgh. The

apertures 81g cahet@idRevida pR@F Wadh aPtiderklind/BE aw | & GarO64siion. The
apertures 812 are configured to retain speakers 814 own in Fi %ure 13)

t herei n. TheP®ipRidretihie plsayD O%h STehamags Pol Phtiexens e@f('fmﬁlmbéfﬂﬁ Aber of

apertures 812afiwiiRl686. NinNBe &% fawérﬂiﬂdﬁneﬂﬂﬁ@%ﬁmﬁ&s%Qﬁ%ﬁﬁa’ire%%ﬂval&'i‘e apertures
812 may be unjformy spaced about the i ntermedi ate portion I n one

enbodi ment , VHBs 0hf-etOntienadlygthe beflle §38cmnunbe pesiémed) se shag the widths 1964 jof| et 802

and/ or out | SthaBiRA- 660 QRO gL efhé%aﬂﬂé 6§8 88 p%@é/ﬁe@fm FardiRDw A i w340 formed in
accordance with an enbodi nment. gure i's front perspective view of a fan

unit 820. TH@of afptichally.gtiy b%fﬂ‘hﬁé sm%)hévew]ﬂwg@ti with acsger. toTHe vallse®S6cone 800 is

l oined to t h@dcﬂiﬁﬁal%%'baﬁl%%ngm Eb&mﬁ@cﬁan%ﬁ* ha\%?agy n@%ﬁ&ﬁp@lﬂle%ﬁlepos' tioned
in the apertures 812 (shown in ure 12) of inlet cone 800. The speakers

814 are arr dR§derlyds agsqued ?t@yuaémg)m&nﬁlheT@spe@nm@ﬁ@an@ten@lH@samp@uscone 800.

The speaker sp&ilh Bbrighel] 38RO BuR B e%;ﬁé Qh@‘&uﬁ@%téﬁhétﬁg %a%rﬁﬂﬁ@y of the
|nterrred| ate portion 810 of the inlet cone )
include a fiberglass core.

[0055] A source microphone 668 is positioned within each wall 656.
Optionally, the source microphone 668 may be positioned in only one wall 656.
Alternatively, the source microphone 668 may be positioned within the baffle 658. The
source microphone 668 may be positioned upstream from the baffle 658 or, optionally,

downstream from the baffle 658. Speakers 670 are positioned within the walls 656.

14




[ 0061] Figure 15 is a front perspective view of the fan unit 820 having a

m crophone 826 positioned therein. The fan wheel 822 includes a hub 824 having
fan bl ades 828 extending therefrom In an exenplary enbodi ment, a microphone
assenbly 832 is positioned with the hub 824 of the fan wheel 822. The

m crophone 826 is positioned within the microphone assenbly 832. The

il lustrated enbodi ment includes four m crophones 826 positioned in an array
within the mcro ho senb 8 ve. enbod e fan unit
820 may i ncl §W§ g 58?2((35 é%olﬁaﬁ’o T 051& ar'erhglnthee ﬁn&gﬁi}’g%aerngn@r For
exanpl e, themhaBlsabd ltos&Bﬁ)edrmyhm the baftle 688.SThrgbenker @ﬂoqnﬁmﬂxenﬁﬁ&m&rt@ar ed in the

hub 824. [00 The m c 3 udes very posi ti oned
over the mi chL];'iﬁ]berﬁSgr% ﬂ%‘*%@vi}"%ﬁl %me% Fsseglfetmz&mﬁ)f }%ohmo b 824 of
the fan wheelowdR@ean hem Cioieiftl SE3 amd;coﬁtgntedtthélrdswbtte&ﬁahngfnotshmzﬁemmwt‘reel 822 in
alternative enbodi ts. Tgsg cover 830 may be formed froma perforated
material to W%%%ﬁﬁ%‘% ¢ to pass therethrough. The cover 830 may be
formed fromfoamor the like in sonme enbodi nents. The cover 830 limts air
flow to the m crdpéishes 326 enhirhted withiowhaperoubd wrvls sipsisamroieydiow to the

m cr ophones §0. ThD Saffle %4 uﬁggsézgégv@@&nﬁomeh&md At Gho SQMI

measur enent s I'n response to the sourd measurenents, the
array of s pemmmométﬁiiglehqs ticawisa topmueidd MWP sming pégnaption] Jbe seplers 6

|1 d d, b
530, Tho booliaa] Foburd e fudtfl ABAT P SR s R HE e "aa ot

t he fan wheeprog@atingthwugobeapledsan é¥abl es the fan wheel 822 to rotate with
di sturbing a position of the mcrophone assenbly 832. The boom 834 is joined

to a support beﬁgh&‘?lg?)zlﬁ%né' ef & Q%hﬁ‘[ milﬁbt%ngfnofs@%egibﬂﬂbﬁafcnﬁaﬂéh tahe

m cr ophone asse 0064] The enbodi nent s descri bed herein are descri bed
with respect aqc@fdémeéﬁlﬂl aﬁ&ﬁﬁpﬂlﬁﬁmsyﬁleéh@“ 790 igpladns dopy messwa rman thqy

enbodi ment s sg%ﬂ BR%rgRhcP Bn WREHaid Tl NsdBE ofthve il deNGe Bilirkd apador i n the

inlet or disc Ienum of the air handling at_ystem The enbodi nents may al so
be used upstpcéwm Qringlesion 8 Pedalisawency hd ne afr@k reaagpciis Histrtedge 3l Hzhandl i ng

unit. Opti Onéirtl.é! 12%[% LEL! sdvat, eat, ARM(B0 TBY TREddHsiRsht héisdcdlpBadhts” 0om

envi ronnent diments may be positioned in the discharged pl enum and/ or
the return ceasetedfbyt Refae|amay geoeply GpYd SReucRSics {heoBmWed dYitke &€ REAF be used in

residenti al yéé@ c?ééStl td, n%l?%@@ih@&inﬁai@ Fosti¥d B§ el 3R 0gehBrafihConibet$1c0f an HVAC

system Option odi ments nay be used with precision air control
systems, DX mmmmseémommt@g apithe perdkrferamsics abectave bards 70& oBITi g RISt enrs,

process cool héBdad ARt 8L rRgered unit
process m?“?‘%ﬁ?&‘%ﬁﬂ JOHISbAnf bERL hAR RYPhETE t At BEYhcRRA
fan. The blade pass frequency is determined using the following:

BPF = (RPM * # of blades) / 60

wherein BPF is the blade pass frequency, RPM is the rotations per minute of the fan, and
# of blades is the number of fan blades. Typically, the blade pass frequency is
approximately 250 Hz. This frequency travels at approximately 70-90 dB. Accordingly,
an object of the invention is to attenuate noises within the range of 250 Hz. Although the
embodiments are described with respect to attenuating noises having a peak frequency, it
should be noted that the embodiments described herein are likewise capable of

attenuating any frequency.
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enbodi mrents nmay be used wth commercial and/or residential ventilation
products. The enbodi nents may be used in the hood and/or inlet of the
ventilation product. Optionally, the enbodi nent may be positioned downstream
of the inlet in a duct and/or at a discharge vent. [00651The vari ous

enbodi ments descri bed herein enable active nonitoring of noise generated by a
fan unit. By actively nonitoring the noise, an attenuation signal IS

dynam cal | y gener, t n t noi s e att tio S generated
by inverting a n t?éssgjj Si gﬁga%?e f’Zelsuai ir](gcdm\(‘)gvl tqr%an n%]ﬁt o %ﬁ%%@e&}&c%&m Emﬁ:gl Yy,
at t enuat i on wigh srasnbridizremt. bi?hermlettﬂnngow heludespini it lackd2 ahd mheuthmscm Isiagnal .

Addi thonal | Yo hREnALDRANALL AL PR Al Pg Q0L 8 38 LpABRNL UELEY Gy Tnter fere

with the noise a range i nsi‘d con a result,
t he noi se genlet &QM@S@WIﬂIﬂle%ﬁalmt issgredtdr dlrnat edthptO8 anf theocoudxi &Mnghbhetidtan unit.

The res pons eSOW&s&%:gﬁ?%&gﬁg ggélt?o%]p& ?cﬁattcelg't% Wﬁeef(%%%lé} f II;] gnea(-:tntlb%guat On’ t her eby

pronoting the €S 0 € Sys e VR U EBbdi ment s
and/ or conpchesnitls! isfeorplekamip By whis. ﬁndmbmdlatﬂrportmnﬁdmexwmis adedeeothtr ol | er s

therein, al %ﬁlh{% aplg ﬂlerga la%ﬂt ﬁldthg‘ﬁlugt%téd e?nbo&?neeato Ehenqgr?neﬁltag%%}‘tlg)é%lg e,

processors. er or process an i nput
devi ce, a diis pylaylncﬂilm skeapd émaltmm@wé ambodlm@ns elxeaxmwhe@dwft@poramcéwsmag t he

Internet. Thg, gﬁ&@&b%{es% Jprocessor may include a mcroprocessor. The
m cr opr ocessor e connected to a communication bus. The conput er or

processor may al so include a nenory. The nmenory may include Random Access
Menory (RAM and {68 Okhs intemsdigte (mrcign. 8 Phiacle plaralipr ofpansges 2 f urt her may

i nclude a Stf%x?&%éil&}{ﬂoﬁﬁy mlaﬁstlg{;gsys%%r@fonﬁédqn%a{éaﬁ&b [ inferh & yabl e

storage drive such as a fl oppy rive, optica r|ve the like.
The storage R@é@cghﬁﬂyefalr@cﬁl aregronBigured 19 lgin speakers 84 (shpwadi Elgm@dﬁ'but er

programs or pLber Th@ﬁ%ehH&ﬁAt@f?&nbrf‘@ uxf@%n&@dgpaﬂ gl]'ilta e nHﬁlB&%%ﬁ;%rture[s%E)%” As used

herein, the term"conputer” may | ude any processor-based or
m croproces sfﬁlfte@a%lwns’)ﬁgliaé}ﬁIiumblﬂmflsn@kgfy&‘brfs?hmplﬁg%rﬁlérfmdmun@méy s, reduced

instruction sphded QﬁUIPH‘Ie%t@nﬂe@a@caomdﬁ‘%l@S’In b0 h{eﬁtu'thte%leta!%ge Y mi her circuit

or processor l%gab e of executing the functions described herein. ‘The above
exanpl es ar éndydsapitesiags B i thednlet 892 end/onoytlet04.i nt ended to linit in any way the
definition and/or meaning of the term "conputer"”.

[0060] Figure 13 is a side view of a fan unit 820 formed in accordance with
an embodiment. Figure 14 is a front perspective view of a fan unit 820. The fan unit 820
includes the inlet cone 800. The inlet cone 800 is joined to the fan wheel 822 of the fan
unit 820. Speakers 814 arc positioned in the apertures 812 (shown in Figure 12) of the
inlet cone 800. The speakers 814 are arranged in an array around the circumference of
the inlet cone 800. The speakers 814 are arranged in an array around the circumference

of the intermediate portion 810 of the inlet cone 800.

[0061] Figure 15 is a front perspective view of the fan unit 820 having a
microphone 826 positioned therein. The fan wheel 822 includes a hub 824 having fan
blades 828 extending therefrom. In an exemplary embodiment, a microphone assembly
832 is positioned with the hub 824 of the fan wheel 822. The microphone 826 is
positioned within the microphone assembly 832. The illustrated embodiment includes

four microphones 826 positioned in an array within the microphone assembly 832. In
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[0068] The conputer or processor executes a set of instructions that are stored
i'n one or nore storage elenents, in order to process input data. The storage
el enents may al so store data or other information as desired or needed. The
storage elenent may be in the formof an information source or a physical
menory el ement within a processing machi ne. [0069] The set of instructions may
i-nclude various commands that instruct the conputer or processor as a

processi ng naehifige LALARLER MeSREGhT b5 5 QRO R @ﬁnmghgﬁ%g bagds and
processes of the various embodi ment s e I nvention. The set of instructions
may be in théﬁmﬁfinﬂcﬁﬁlyal@@ﬁtﬁﬁreéafpﬁﬂeghfaﬁﬂ urpip 82 pax nelude peyelpmidrephorg i ous f orns
such as systgﬂgég&&%@ﬁﬁwg&bgﬁpl|cat|on software. Further, the software may be
i'n the form of | ection of separate prograns or nDduIes a program nodul e
within a |arger pro amor a portion of a ram nodul e. The software al so
may i ncl ude rmdu|@P&érog%rﬁ*ﬁrﬁahqnﬁa%ﬁéblvéé %g‘dﬁﬁﬁ Qe %P.lw%laneﬁr%ﬁrr ammi ng.

The processi pg nﬂf:roblmﬁleﬁ sbat e RYve: B ﬁaps@ﬁﬁérfw iAYBGHAI 1S SDRYF e FinNylic@S pPONse t o
operat or conmmands In_response to results of preV| ous BI’OCGSSI ng, or in

response to é%equ@s%OVﬁraé@ wYaP&BE Hsr huby 5¢4 06 thy Tamadhesh 822 [ oAtV Us ed

herein, the k@bdBmentf thoaheer 830 ehay bt E‘dﬁf@cﬂ Gomdd Ferfolk @ EAaRO RIS, sodidd | ncl ude
any corrputer program stored jn_nenory execution by a conputer, including

RAM menory, REYG Hepst treretbemel Fhsfovss, 83%@&%%&%#?“ %ﬁaorﬁwl%lll 79 e RAM

(NVRAM - menogybodiiiéht2DONE c4RAREY 1ihHP 8 RWCIEHE MIEBFRoneNE2s, whitDalRivgng hus not
l'imting as to the types of menory usable for storaq1 of a conputer_ program

[0071] It is BRbERIRPLPHSY 'e HrnienehongHS. Fbe rrptonss 528 i fouhaEd to be

illustrativeyp adictSund G8dakirbhént€ frofiOthe A NMES20L han 3BPYRe A SHE | BRLl
enbodi ments (and/ or asaects t her eof%ﬁrra be used_in combi nation with each

other. In ad@FtspERenitd of sneglers YA genrmeseansdgionsisatlapt a particul ar
situation or material to the teachings of thc various enbodi nents of the
invention w thoutfogsspar tth nge fill@stRatel edniboginede . théWinlceophbie ademBpsiang and types

of materials des |be her |nt ndedt define the r ters of the
vari ous enbot¥ Otoﬁ’e 4n\;®ﬁ?’f) flﬁeéal ?1’318&?1%8 °§e&?58£@\}'%g‘gwﬁréﬁlns limting
aﬂd ar ef eXEUﬁbﬁﬁWSZﬂEﬂfﬁ@fﬁBﬂh&l smwemdnemeﬁbmeﬁ thefah svhaéi 8h2 tmeotata?ﬁment to f

t hose of ski in the ar n_review 0 escrj.ption e scope o
Lhe vari ous. GBI ARy oL ORI BRetE re R GPOnGP = BRIGe0 v i o v t h
reference t osuppst BRRCIBEaHt GEtaihdS postdcdd tivd Bdand 8§32 dhd ke micRPpRorefasefbiyval ents to
whi ch such c# inms are entitled. In the appended clains, the terns "including"
and "i n whi ¢ arc used as the plain-English equivalents of the respective

ternms "conprising” and "wherein." Mreover, in the followng clains, the terns
“first," "second,[006¢hd Tmhiemblqdimatts:desai’oedherem ar@d@r;beéwithadspécsw arait are not

| ntended o\ Rgse, AUC 68l e SRR SORAIR L OREFELO v ELE AR, (he

I'n° neans-p ction
format and aﬁleanndmndlmgemdenﬂktronlﬂ@mlmt mqlsohargdpbamdfma aﬁEhahﬂlfﬁg@ystcﬂlZ si xth
par agr aph, \Rg Srrllgal a & ualtrga m o?t'\%ﬂe.re E#tgsyy use .t h he phrase
"means for" I% Yé gr'%% PR ?nunctl on NVorda et "$tfuct ure.

[0072] Thi s whé 1airehanctlmgmnttpt@pnmnalsfemeetemuphcé&nbco:dndermctnas be tubrel var ¢lenns
room environment. The embodiments may be positioned in the discharged plenum
and/or the return chase of the clean room. (')ptionally, the embodiments may be used in
residential HVAC systems. The embodiments may be used in the ducts of an HVAC
system. Optionally, the embodiments may be used with precision air control systems,
DX and chilled-water air handlers, data center cooling systems, process cooling systems,

humidification systems, and factory engineered unit controls.  Optionally, the
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enbodi nents of the invention, including the best node, and also to enabl e any
person skilled in the art to practice the various enbodi nents of the

i nvention, including maki ng and using any devices or systens and perform ng
any incorporated nmethods. The patentable scope of the various enbodi ments of
the invention is defined by the clains, and may include other exanples that
occur to those skilled in the art. Such other exanples are intended to be

wi thin the %ﬁ@e&nﬁﬁtsh% b hddBit dontnecif4ANB] I%§dé3ﬁmeveﬁ&15ﬁtﬁltﬁ5@ktselrﬁaent s that
do not differ fromthe literal |anguage of the clains, or if the exanples

i ncl ude equicibpdintents Magibe predin bp Aorskand/opinichof the vasglater praductii Patordlees from t he
literal | angh@gﬁﬁoc@lfneﬂthﬁayc b@'ﬂﬁtmne%@n!;éag—éfl MeCnleSin a duct add/orPutet hod for

control ling noise produced by an air handling system conprising:
col | ecti ng sbuhHes¥asur ements fromthe air handiing system the sound
measur enents being defined by acoustic paraneters, determ ni ng val ues

for the acousti c[qmas]arreméﬁanbass@ﬁboelﬁhemhaes%ﬂwadlefma&umemm frofifdringof ed;
cal culating of fset values_ for e acousti¢ ﬁ @neters t he of fset val ues

defini ng a ¢QHE&EFICHS %ﬁaﬁ |‘1‘81‘It Kaetvaly pouerng Bie pisy, py atlemnatiop S1Egls  he sound

measur enent siynanithigespeatcing dahe! @1@15@&& atl'h@r:lttéﬂugﬂilﬂﬂ sipas ed gardidiiebpf f set
val ues. . 2, The pethod of C I Si

1 further risi col l ecti.ng sound
measur ement SPVEHO8 % DRISE SEFAl AR Wt‘ ’6‘nthie a “ﬁﬁb C"édsufggg Sigaygton is 3. The
met hod of Clygdxihited i fhReiing MERIpEiBGoEE haisd diggl. SQtdHbnaBa SWY fldRRAtiSn

signal is configured to destructively interfere with the noise within a range defined inside
the fan unit cone. As a result, the noise generated by the fan is attenuated prior to exiting
the fan unit. The response microphone enables continual feedback of the attenuation,

thereby promoting the dynamic changes of the system.

[0066]  The various embodiments and/or components, for example, the
modules, or components and controllers therein, also may be implemented as part of one
or more computers or processors. The computer or processor may include a computing
device, an input device, a display unit and an interface, for example, for accessing the
Internet. The computer or processor may include a microprocessor. The microprocessor
may be connected to a communication bus. The computer or processor may also include
a memory. The memory may include Random Access Memory (RAM) and Read Only
Memory (ROM). The computer or processor further may include a storage device, which
may be a hard disk drive or a removable storage drive such as a floppy disk drive, optical
disk drive, and the like. The storage device may also be other similar means for loading

computer programs or other instructions into the computer or processor.

[0067] As used herein, the term “computer” or “module” may include any
processor-based or microprocessor-based system including systems using
microcontrollers, reduced instruction set computers (RISC), ASICs, logic circuits, and

any other circuit or processor capable of executing the functions described herein. The
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gener at ed W

hod of

at thin a fan wheel. 4. The nmethod of Caim1 further
conprising generating the cancellation signal with an array of speakers
positioned around a circunference of an inlet cone. 5. The met

Claim 1, wherein the acoustic paraneters include a frequency and anplitude of

t he sound me

cal cul ati ng an opposite phase and mat ching anplitude of the acoustic

par anet er s.
response sou

asurenents, and the cal cul ating operation further conpri

Ses

:ﬁbc?ve exam les a?e ?}P&ng» ary, on 81t11 qn%la% ub H&tlﬁtl%{ldeﬁ%%{ﬂuslhgﬂ% l\}%? ldheecting

nmeasur enen

gion of cancellation ng the

cancelIationd&hgnmhnwasadmm@ofﬁetmnsp@mwéﬁéound measur enent s. 7. The
met hod of Caim1, wherein generating a cancellation signal further conprises
generating a can O[ﬁbési 01216 d;ﬁﬂﬁér dr Bro@esgérre@&;u’[eg B s& Bp%ﬁﬁcﬁoﬁﬁﬁat%&%%d

measur enents of t andl1 ng system . The nethod of Caima1l,

wherei n the baensalr|rare etnragqr glampntylcB OFAFE £9 Rressys mﬁtﬁeciafaer&e ¥prege gleeedound

measur enent s

mgir algg' QOI%Idatah'ﬁl B! A reNiinS R desired or needed. The storage element may
be in the form of an information source or a physical memory element within a

processing machine.

[0069] The set of instructions may include various commands that instruct the
computer or processor as a processing machine to perform specific operations such as the
methods and processes of the various embodiments of the invention. The set of
instructions may be in the form of a software program. The software may be in various
forms such as system software or application software. Further, the software may be in
the form of a collection of separate programs or modules, a program module within a
larger program or a portion of a program module. The software also may include
modular programming in the form of object-oriented programming. The processing of
input data by the processing machine may be in response to operator commands, or in
response to results of previous processing, or in response to a request made by another

processing machine,

[0070] As used herein, the terms “software” and “firmware” are
interchangeable, and include any computer program stored in memory for execution by a
computer, including RAM memory, ROM memory, EPROM memory, EEPROM
memory, and non-volatile RAM (NVRAM) memory. The above memory types are
exemplary only, and are thus not limiting as to the types of memory usable for storage of

a computer program.

[0071] It is to be understood that the above description is intended to be
illustrative, and not restrictive. For example, the above-described embodiments (and/or
aspects thereof) may be used in combination with each other. In addition, many
modifications may be made to adapt a particular situation or material to the teachings of

the various embodiments of the invention without departing from their scope. While the
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9. The nmethod of Caim1l, wherein the noise of the air handling system

I ncl udes a bl ade pass frequency of the air handling system 10. The

met hod of Claim1, wherein collecting sound neasurenents further conprises
filtering ambi ent noise fromthe sound nmeasurenents. 11. The net hod of
Claim 1, wherein generating a cancellation signal further conprises generating
a cancellation signal froma plurality of speakers 12. The net hod of

daiml, WEHRLRGRbhPHbEE DRI JRABH RIRILS i lDB aRRIRE haGReER! | ecting

sound neasurenents in an inlet cone o andl 1 ng syst 13. A
system for cdribe virophgmbndinatspt deriseatibly teerendiodinivandid mgosyenemitvenpr i sing: a

source mcro n gﬁﬁﬁ |jgng system
a nodule to %@?@ﬁg&g‘%gh%ﬁﬁﬁgﬁggn égg%EPF tgéﬁﬁ{ggg%qg r%#g?@ggkgncels out
the sound neddlieines;pahdedcsipedkerbov drswtian.e Theescmamélthetvamussu gnal .

14. The syst &mogfmegsadf%él- ‘?’nvel\{mr s%hﬂdt ﬁ@reﬁ)%" f %edéprrﬁ{ngcg ggtﬂ Wﬁfeﬁenpeo ﬁ)l tl}-k oned in a

hub of a fan wh e systemo erein the source
m cr ophone |%W§@b®@hﬂ@ﬁabmgamﬁb&ﬁﬂﬁEQWX@%ﬁéﬁW§ﬂmﬁ§@)ahhbGUdfCbnmﬁmﬁwheel

entitled. In the appended claims, the terms "including” and "in which" are used as the
plain-English equivalents of the respective terms "comprising" and "wherein."
Moreover, in the following claims, the terms "first,” "second,” and "third,” etc. are used
merely as labels, and are not intended to impose numerical requirements on their objects,
Further, the limitations of the following claims are not written in means-plus-function
format and are not intended to be interpreted based on 35 U.S.C. § 112, sixth paragraph,
unless and until such claim limitations expressly use the phrase “means for” followed by

a statement of function void of further structure,

[0072]  This written description uses examples to disclose the various
embodiments of the invention, including the best mode, and also to enable any person
skilled in the art to practice the various embodiments of the invention, including making
and using any devices or systems and performing any incorporated methods. The
patentable scope of the various embodiments of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are infended to be within the scope of the claims if the examples have structural
elements that do not differ from the literal language of the claims, or if the examples
include equivalent structural elements with insubstantial differences from the literal

languages of the claims.
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16. The systemof Caim 13 further conprising a cover positioned over the
source nmicrophone to limt air flowto the source m crophone. 17. The
system of Claim 16, wherein sound waves pass through the cover. 18. The
system of Cl aim 13, wherein the source m crophone collects sound neasurenents
froma fan wheel. 19. The systemof Caim 13 further conprising an array
of speakers. 20. The systemof Claim 13 further conprising an array of

speakers posWﬁ&stdcﬂfﬁﬁlI§n inlet cone of a fan unit 21. The system of
Claim 13 further conprising an array of speakers positioned around a

circunference of an inl et n unift., 2,. SYyS of Claim
13, wherein the sfgeakg‘r mﬁgﬁgﬁg g(gm%H}é%c%ﬁ%eérP%lfcf%r? ys%lgﬁlzri;m?dr@g S&?“fgﬂé’cti on
opposi t e t hecaguisthgnmeasur enent s. 23. The systemof Caim 13, wherein the

sound neasurenents are at |least partially canceled out within a region of

cancel | ation, the,gyshenoid tlﬂe%tguraﬁéﬂesr |1 gpé aﬁﬁ%&%ﬁ?i%@ﬁ@%@%%do gglel ect

i
response sound neasurenents at the region of cancella

system of O mesmzgentphanedafingdiy spoutic earueies. t he cancel | ation signal based on
t he response sound neasurenents. 25. The system of C aim 23, wherein the

response m cr ophoRRrhiRflUdRss Br BRiatoudlic PArERARHBRES of MelsblddeheadiBh@B noOi se.
26. The systemof C aim 13, wherein the speaker is positioned in an inlet

pl enum of " t heolls#fdhandl i ng system

calculating offset values for the acoustic parameters, the offset values defining a

cancellation signal that at least partially cancels out the sound measurements; and
generating the cancellation signal based on the offset values.

2. The method of Claim 1 further comprising collecting sound measurements

with a microphone position in a hub of a fan wheel.

3. The method of Claim 1 further comprising collecting sound measurements

generated within a fan wheel.

4, The method of Claim 1 further comprising generating the cancellation

signal with an array of speakers positioned around a circumference of an inlet cone.

5. The method of Claim 1, wherein the acoustic parameters include a
frequency and amplitude of the sound measurements, and the calculating operation
further comprises calculating an opposite phase and matching amplitude of the acoustic

parameters.
6. The method of Claim 1 further comprising:
collecting response sound measurements at a region of cancellation; and

tuning the cancellation signal based on the response sound measurements.
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27. The systemof C aim 13, wherein the speaker is positioned within an inlet

cone of the air handling system 28. The systemof C aim 13, wherein
the source m crophone is positioned within an inlet cone of the air handling
system 29. The systemof Claim 13, wherein the speaker conprises an
aerodynam c surface to reduce an effect of the speaker on the air handling
syst em performance. 30. The systemof Caim 13 further conprising a
sound att enuati ng, devigembfoPaeekheh Vb AR ghntdifie AAMRAHRASHAATERLS 31.
The system of O aim 13 further conpri sing pl ur%llty of speakers. 32. A fan

unit for an @mprigpandtricrgngyst emvelledmpsigmhings & disgfiane appesitoptheneouwrd col | ect

sound measurfOBRLSedtd Kithd Hehahakhgeitdm. a nodule to define a cancellation
signal that at least partially canhcels out the sound neasurenents; and. a

speaker to generate the cancell ation signal. ] . ]
8. The method of Claim 1, wherein the cancellation signal destructively

interferes with the sound measurements of the air handling system.

9. The method of Claim 1, wherein the noise of the air handling system

includes a blade pass frequency of the air handling system.

10. The method of Claim 1, wherein collecting sound measurements further

comprises filtering ambient noise from the sound measurements.

11. The method of Claim 1, wherein generating a cancellation signal further

comprises generating a cancellation signal from a plurality of speakers.

12.  The method of Claim !, wherein collecting sound measurements further

comprises collecting sound measurements in an inlet cone of the air handling system.

13. A system for controlling noise produced by an air handling system,

comprising:
a sowrce microphone to collect sound measurements from the air handling system;

a module to define a cancellation signal that at least partially cancels out the

sound measurements; and
a speaker to generate the cancellation signal.

14, The system of Claim 13, wherein the source microphone is positioned in a

hub of a fan wheel.

15.  The system of Claim 13, wherein the source microphone is supported on a

boom that extends into a hub of a fan wheel.
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33. The fan unit of Caim32 furthcr conprising a fan wheel, the source

m crophone positioned in a hub of the fan wheel. 34. The fan unit of
Claim 32 further conprising a fan wheel, the source m crophone supported on a
boom that extends into a hub of the fan wheel. 35. The fan unit of Caim
32 further conprising a cover positioned over the source mcrophone to limt
air flowto the source m crophone. 36. The fan unit of C aim 35, wherein

sound waves pass throuygh the c r. 37. The fan [ 1. lyn 32 further
conprising a fan ]\}?hee:fge R ems?)taéf‘@lén A7 dFEISh TR r%:sgllglaegotvf’}rjl ds}sﬁé’ﬁ%ddgr?gg{spur ement s
fromt he fansosheebicrophone to 13t aifthew feathe sonide nofro@loae.m 32 further conprising an

array of speakers.
17.  The system of Claim 16, wherein sound waves pass through the cover.

18. The system of Claim 13, wherein the source microphone collects sound

measurements from a fan wheel.
19.  The system of Claim 13 further comprising an array of speakers.

20. The system of Claim 13 further comprising an array of speakers

positioned within an inlet cone of a fan unit.

21.  The system of Claim 13 further comprising an array of speakers

positioned around a circumference of an inlet cone of a fan unit.

22.  The system of Claim 13, wherein the speaker generates the cancellation

signal in a direction opposite the sound measurements.

23. The system of Claim 13, wherein the sound measurements are at least
partially canceled out within a region of cancellation, the system further comprising a
response microphone to collect response sound measurements at the region of

cancellation.

24.  The system of Claim 23, wherein the module tunes the cancellation signal

based on the response sound measurements.

25.  The system of Claim 23, wherein the response microphone includes a pair

of microphones to filter ambient noise.

26.  The system of Claim 13, wherein the speaker is positioned in an inlet

plenum of the air handling system.

27.  The system of Claim 13, wherein the speaker is positioned within an inlet

cone of the air handling system.
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39. The fan unit of Claim32 further conprising an inlet cone and an array of
speakers positioned within the inlet cone. 40. The fan unit of Caim 32
further conprising an inlet cone and an array of speakers positioned around a
circunference of the inlet cone. 41. The fan unit of C aim 32, wherein
t he speaker generates the cancellation signal in a direction opposite the
sound neasurenents. 42. The fan unit of C aim 32, wherein the sound

measurenents are 3t | oASBAL bt Bl 15ANEELANE Wudd b & HBfla Rl
cancel l ation, the system further conptising a response m crophone to collect
response souwidhinemmiat eonsof theair hadvbing egleon of cancel | ati on. 43. The fan
unit of Caim42, wherein the nodul e tunes the cancellation signal based on

the response sound Me@RUERIRN(Claim 13, whéin thd§pehih ¢ }i.)ﬁsep&} ey, wherein
t he response m crophone i'ncludes a pair of m crophones to filteéer anbient

noi se. sugfigce tprdugesy effgetiof B sehalgren 1 ainhaedliak aystarepesioardtes: i s positi oned
within an inlet cone of the fan unit. 46. The fan unit of C aim 32,

wherein the sourge. M ThOFRGRAGIICaiROSI i 86nMhsi A kott dfth@king @8Gceab the fan
unit. 47.. eyée fegg}eunlt of Claim 32, wherein the speaker conprises an
aer odynamni ¢ & YRcE™ SO E@reet of the speaker on the fan unit.

48. The fan unit of Claim32 further conprising a sound attenuating device to
passi vel y cancel 3the Tmnydemeé€laimeh®Atther comprisingd®plurkli® of greakend. t of C ai m 32
further conprising a plurality of speakers.

32. A fan unit for an air handling system, comprising:

a source microphone to collect sound measurements from the fan unit;

a module to define a cancellation signal that at least partially cancels out the

sound measurements; and
a speaker to generate the cancellation signal.

33.  The fan unit of Claim 32 further comprising a fan wheel, the source

microphone positioned in a hub of the fan wheel.

34, The fan unit of Claim 32 further comprising a fan wheel, the source

microphone supported on a boom that extends into a hub of the fan wheel.

35.  The fan unit of Claim 32 further comprising a cover positioned over the

source microphone to limit air flow to the source microphone.
36.  The fan unit of Claim 35, wherein sound waves pass through the cover.

37.  The fan unit of Claim 32 further comprising a fan wheel, the source

microphone collecting sound measurements from the fan wheel.

38.  The fan unit of Claim 32 further comprising an array of speakers.
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39.  The fan unit of Claim 32 further comprising an inlet cone and an array of

speakers positioned within the inlet cone.

40.  The fan unit of Claim 32 further comprising an inlet cone and an array of

speakers positioned around a circumference of the inlet cone.

41.  The fan unit of Claim 32, wherein the speaker generates the cancellation

signal in a direction opposite the sound measurements.

42, The fan unit of Claim 32, wherein the sound measurements are at least
partially canceled out within a region of cancellation, the system further comprising a
response microphone to collect response sound measurements at the region of

cancellation.

43.  The fan unit of Claim 42, wherein the module tunes the cancellation signal

based on the response sound measurements.

44,  The fan unit of Claim 42, wherein the response microphone includes a pair

of microphones to filter ambient noise.

45.  The fan unit of Claim 32, wherein the speaker is positioned within an inlet

cone of the fan unit,

46.  The fan unit of Claim 32, wherein the source microphone is positioned

within an inlet cone of the fan unit.

47.  The fan unit of Claim 32, wherein the speaker comprises an acrodynamic

surface to reduce an effect of the speaker on the fan unit.

48.  The fan unit of Claim 32 further comprising a sound attenuating device to

passively cancel the sound measurements.

49.  The fan unit of Claim 32 further comprising a plurality of speakers.
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