METHODS AND SYSTEMS FOR ACTIVE SOUND ATTENUATION IN AN AIR HANDLING
UNIT CROSS REFERENCE TO RELATED APPLICATION [0001]The present application
relates to and claims from Provisional Application Serial No. 61/324,634 filed April 15, 2010,
titted "METHODS AND SYSTEMS FOR ACTIVE SOUND ATTENUATION IN AN AIR
HANDLING UNITMERE@EM D SUhfdi Mads o AR EREsY By &4 FESEHARBNorated by

reference in its entirety. BACKROUNPARFATR i NENKIEQ N 10§02]Embodiments relate to air
handling units and, amore particularly, to methods and systems for active attenuation in an air

handling unit. [0003]Air-handling systems (also referred to as air handlers) have traditionally

been useRORPREHPR PNENGS RELATEIhRGINATIANMEIRITEd 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 specifieghgi gapacity pyich:Sam rappaRanbAlleleRly8 RAHiIULha tetaharbandng
requirement of the structure. The air-handllrlj'gés stem_may be manufactured in a factory and

brought & iHEEdiREIGRIR BlandtAid 621t béBlilit brr sitd kit A dpARS déas
to meet thesspepifiectair AapASHY. eI hanmling PoMORrIREANiATTe BixR@IdinG sysiem,
includes the fan inlet cone and the discharge plenum. Within the air-handling compartment is
situated tGaMRIRTE iFbIREhBIAEAs KBISE 18 hereby PorBsTnincameraisd Bnyeipisane Matse
associat@ﬂmggp' 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

oppositepadekgt thenaytorpesphsry ehtheian 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.
[0002] Embodiments relate to air handling units and, amore particularly, to

methods and systems for active attenuation in an air handling unit.

[0003] Air-handling systems (also referred to as air handlers) have
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 to 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.



[0004]During operation, each fan unit produces sounds at frequencies. In particular, smaller fan units
typically emit sound power at higher audible frequencies, whereas larger fan units emit more sound
power at lower audible frequencies. Devices have been proposed in the past that afford passive sound
attenuation such as with acoustic tiles or sound barriers that block or reduce noise transmission. The
acoustic tiles include a soft surface that deadens reflected sound waves and reverberation of the fan

unit. [0005]However [grggive soAg afteminalieactavicasigpnamly afiaat aoibetiaoRAiSEON in certain
directions relative.to, the dir ctlpn of air flow \%%06% negdoremamﬁifgr wg‘g{@ée% systems and
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[0007]In one ewlisoaineatr &meths drfdreenstroligravisaplodacediby disarnseadiPrysystem is

provided. The methechinepisies nalesinshaosnsdpeasy sspaniadiomdnsuair Rangling system, wherein
the sound measurements are defined by acoustic parameters. Valu%féefor the, a(g)ustit1 }Ejarameters are

determined ballsd BT TS LATHHE AHARRIGRS et SR e F S HEEO Y alL ISR e Heb st harameters
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measurements when the cancellation signal is generated. The acoustic parameters may include a

frequency and amplitpess pf thasewes measuremantadaplionadyyitbe ganealiatiolcsigontincludes an
opposite phasg and.matchig‘g{amgfitu e of etgﬁ aﬁg%éjsetigi Ra ramﬁlgg%oo tionally, response sound
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measurements are collected at a region of cancellation and the cance lation S|gnal is tuned based on

the response sound measurements. [0008]In another embodiment, a system for controlling noise
produced by an air W 8hg sfsts ETRrBViGadmPRY & sysismn arsiesthods i dsmis 5pHShe to collect
sound measurgraantiofl onithandiingagsing. 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 cangpliationsioralk Rptiogaltywthe speaker generates the cancellation signal in a
direction opposite the sound measurements.

[G007] In one embodiment, a method for controlling noise produced by an air
handling system is provided. The method includes collecting sound measurements from
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.



- Optionally, the sound measurements are at least partially canceled out within a region of cancellation
~and the system further includes a response microphone to collect response sound measurements at
the region of cancellation. Optionally, the processor tunes the cancellation signal based on the
response sound measurements. [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 defir@tpﬁialﬁﬁp,qﬁu%ﬁ&mmr@ma Ipast partipivsansalaubiie, aamndrarasrements. A
speaker generates the cancellation signal. BRIEF DESCRIPTION OF TI;IIFE%IE GWINGS LOOlO]Figure
fihent. [%
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[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 emboediment.

[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 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 conc in accordance with an

embodiment. [0018]  Figure 9 is a schematic view of a fan unit in 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.

[0024] 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 instrumentality shown in the

drawings.



[0018]Figure 9 is a schematic view of a fan unit in 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
acg¢ordance with an embodiment. [0022]Figure 13 is a side view of a fan unit formed in

* acg¢ordance with EP&Phbodimeht. 1ovb ifteduram gleangm ot ersissad ity say angt

formed in 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 202 that utilizes a fan
array air handling system in accordance with an embodiment of the present invention.
The system 202 includes an inlet 204 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. Additional 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 228 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 with an embodiment. [0024]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 drawfippeo o the exfentzhpsherdgHreadbepiRig dingams of doritnotons diaekeref
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hardwareeitcaifly CHRERRORY B APIENEH 3% (HI6FE Bt ther i RAE e bIRGLGeS £I9FoReRTS <

memoriegx iRy rReHOMRIGMENegdarfingle Biess BlchafsWateiie ghd Zidesefabtei BRaAISE230.
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by an air gggﬁgﬂ g ONG ?giﬁer 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

cection 216 is 9CE) donney SR Por L SaTNLFL LB 21 L e B SHE Qe may be
reorderedviuithe?6d\eed AddijibrziSewicns siayl be foctudeanbers 230 with predetermined volume

and length. FIG. 2 illustrates the length 253 to substantially correspond to a length of the fan

226 and motor 228. Optionally, the length 253 of each chamber 230 may be longer than the

length of the fan 226 and motor 228 such that the top, bottom and side panels 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 afan 226 that is driven by a motor 228. An inlet cone 222 is coupled upstream
of the fan 226 and includes a center axis 263. 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 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. FanSﬁ&%ﬁ&%&ﬁwﬂ%&ﬂ{i}é@ﬁbﬁ@wﬂowdiﬁ' He GO ERPARTING-0AiRES:R48Hd he motors

- 228 are mounted on mounting blocks to the frame 224. Each fan 226 and the corresponding motor
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provided adjacent one another in a single air Ing“section 208. [0029]FIG. 2 illustrates a side

perspective viewsteancefimpdodovasteesamiBrdronohente spid 2endlsg i umis D9pdhéRin. The

frame 224 inclydrs gdgribesmarblexteiditonarize Mally abehvaticakyaalengother fghottom and
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the fan units 28 fihedisp addhscnoimpasiit RES Iy browpiovideanalssy/adndigdiswrendh fan unit
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below the lowermost fan unit 232. The motors are mounted on brackets 260 which are secured to the
edge beams 28954 HE R385 26 are open sided plenum fans that draw air inward along the rotational
axis of the fan and radially discharge the air about the rotational axis in the direction of arrow 262. The

air then flows from tH8WiEkharfes el wen 23R dpdhdeh astive somnlintgnuaire dosBrathsvie266.
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sound waveform onto a original sound waveform to eliminate the original sound
waveform by reducing or eliminating one of the acoustic parameters of the original
waveform. In an exemplary embodiment, the amplitude of the noise vector 266 is
reduced or substantially eliminated. Optionally, any of the acoustic parameters of the

noise vector 266 may be eliminated.

[0034] Active sound attenuation is enabled by a source microphone 270, a
response microphone 272, a speaker 274, and an attenuation module 276. The source
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



60 and a downstream region 262. A motor controller 264 is positioned adjacent the motor
28. Optionally, the motor controller 264 may be located adjacent one of top, bottom and side
anels 256, 258 and 254, as shown in Figure 2, and/or remote from the fan unit 232.

03f2]D%iegc%aer%@anmén@m&g&gm?mmehtagba?& t@idfaphaifethm;ég?yﬂm Esdfitrifﬁi?éﬁ )
22 from an inlet plenum 261 toward the downstream region 262, Itscg e noted that wit
Rt Sy

espect FOORBRIW, PORSRednlR G ed o (FRSHRAT R he HaITes
nd "dowh#sdanenis Wefidasasdiaphoad@rn thedalaicaashARHathadansazacd beomgteic

ontroller 264 may adjust a speed of the fan 226 _to reduce or. increase an nt of air flow
rough lﬂlgtfﬁﬂnﬁég% rodufe iy RAR6ET BotH HostHumrastia eac?%%%%ggf %‘i“ﬁ%’fﬁ tﬁwee

n unit gsdcd hadiojRReay Naludexendeisarganeaiedhikbbetiona bodrictobrutkiee fan 226
r motor 228 among other things. The noise may also include environmental noise generated

utside the fan unit 232. Both the fan noise and the environmental noise have agaustic
arameters incﬁ%éé freque Bfﬁ?/ﬁ?f@’fgﬂ H, %Ef&%fl}:ﬁlﬁ‘pI}mdseo,‘%‘néﬁ%’l‘ﬂ}?gb%rgd?%{éw&wludes
irections pag ngiseisiopalmiz acadisaredctor 166.40033] Bheifannusita? IbiselL0psomatiye the

ound attenuation to reduce the fan, nqise within a reqion of active cancellation 268. Th
gion oPSHRSUSiRARIH SRR THHIGHIBS IED RIS ik RER S BEroisR s 2

gion ofiagtiveeancellatipha@s 082y bedupstrapsaéumm Hhiedspabaen28a2 20 mitnalbxe supbaxy
mbodiment, tli'fe regégn of active cancell ion 268 is located in the up trea reg{)on 260.. ¢
ptionaPFRHTor Ot JE e RANEE 4B m%g/ BeTORART InThe §GiNstieans tedoh'™

62. Theadivensaitaichaitenliating siiy dadece theyupsieeahtihd @ophisiic P amgteeptsitioned

pproximately zero using destructive interference. Destrugtive intefference is achieved, by the
perpORISFPA €t R SHSTH, Dite gL SO ISR OR 0 R M T PSS

und wzgefenth Dg4radugingwer eiminatibdeonsacibith eraetiesicnpaiansetenplafthendrigimadnt,
aveform, In SJE’: exeg&glar empodiment, the am Iity e gf the noise vectPr 26t6 f'slred ced or
bstanﬁ%ﬂﬁ)rlo ated. pﬁ8ﬂ3ﬁ’§/‘,€ n?‘o??ﬂéoﬁ A pAFarAeterS S ReToIce vector ¥66°
ay be aliciisisieck [¥A34}AGbivaIsOuricraplemestis? isndrizfladayyba positivmediovipiodi€faréat a
sponse. micrgphone 272, a speaker,274, and, an attenuation module 276. The source
icrophSWéuﬁ“?grl Bglsf%?{é(alé\)/ﬂﬁmet "ih?é’f’So% '222. The source microphone 270 is
nfigured to detect the noise vector 266. The step of detecting the noise vector 266 includes
taining sound measurements having acoystic meters. For example, a sound pressure
the noise vegf)(@lb 6 may gi?%rﬁé}ﬂ%%{s%%e?gfﬁ%% Pﬁaés aagghnssttlce%‘gféprrﬁné%r%?? gé;%%rcgt
icrophenl 270 moky heapesiineddEalifenjuectalracdBiotithectid diyctireupRReandittierdph 226
ptionally, the squrce microphone 270 may, ositioned ajong any partion gf inlet cone 222
oot RGO CHb BESORIRE SNl BN e e Lo S W e
0 is logeltsddhisih Witvaminkensudace madophihie: 182 consiR? #hto fieduoéselistidrhasoesin
o hons JNA. o 23R T opae, ARCGIAHIES M FRA M2 I BY SR
from the environmental noise and the environmental noise is removable from the noise

vector 266.

[0037] The speaker 274 is positioned upstream from the inlet cone 222.
The speaker 274 may be fabricated from a perforated foam or metal. For example, the
speaker 274 may be fabricated from acoustically transparent foam. In an embodiment, the

speaker 274 has an aerodynamic shape that has a limited effect on the fan performance.




[0035]In the exemplary embodiment, the source microphone 270 includes a pair of
microphones configured to bias against environmental noise. Optionally, the source
migrophone may only include one microphone. The pair of microphones includes a
do}nstream microphone 282 and an upstream microphone 284. Optionally, source
migrophone 270 may include a plurality of microphones configured to bias against
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redlices any QRGPS VERIOE Apaslia BRIAGISTHR2 1AL e AlpoMRadRokaeestari¢90
is ifaudible. [Q038]The response microphone 272 is positioned upstream of the source
micfophorf@P M Ed WiaHL e PEETYAEH Aoiiee celpicehan Biiowinerthe FLapBiRbRIRG YptiBhe
is locaelifiukidalobaithiegdRoenduitases%hefiddplet irne gadmeptionadly cthmprsponse
mi ophonS%uZHZiZ rpeaﬁtraxtefn tOV\{ rd t?%center axits deéoon a bgo%?r. brgcke . Additionally,
thejresponse migrosﬁ)uoené) 2 r%a%? aeeporslﬂ}(s)enélaclrﬁ)rth ml%lf%l AU 289%Hk ert‘?EB’éﬂ%é of
the[fan unic2@icTaeanesponsesmiescopbder2di2 ikedifigowe thtoadeteetctheoidtaruatedndise
vector 266, Diecing e Alenyaled BRIPeGHANAR0 NEHIPHORIAINNGLSRIG has beon
megsurements having acoustic parameters. For example, a sound pressure of the attenuated
noife vectSApad pigjimingthined to determine the acoustic parameters. As described in
mole detail below, the attenuated noise vector 290 is compared to the noise vector 266 to

determine wheth@0B9¢ noise ggionlB6itaadieevdadtosd eemnlininayasinio QBRI IGale the
noiye VeCtgﬂe%egpoﬂeorPﬁ{Q %agl %%@B‘z”l{%’éjo‘%ﬁ%‘é }E,h &le attenuation vector 288 must be modified to

adapt to changes in the noise vector 266. The attenuating module 276 is positioned within

o

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 therefrom.




operation of the fan unit 232. Accordingly, the attenuation vector 288 must be modified to
dapt to changes in the noise vector 266. The attenuating module 276 is positioned within the
n unit 232 to modify the attenuation vector 288. Optionally, the attenuating module 276 may
e positioned within the air processing system 200 or may be remote therefrom. The
ttenuatifigenatidoia@ns megube Prograaynbedirtermalyedr vdeiglite@tocopbareddfivanerate

tored oQ G fQE%Fédrﬁﬁqac*ﬁ%@feqi%&ai%%%&%? 4 is a block diagram of the attenuating

odule 276 electronically coupled to the source microphone 270 and the response
icrophone 272. The attenuating module 276 includes an amplifier 302 and an automatic gain

ontrol 304 to YA the noidbavéetdt Jseaddtiadieddiserae salrdbemitiepibing 2redbikewide,
n amplifige3Oi @MY /B PIREMGHAEIHNLRSPRMOYiY iRl aHEHBGI6RBaISerYBRINE2ID.

etected by the response microphone 272. A CODEC 310 digitally encodes the noise vector

66 and tHe alasingimeside &ioinobiglen e girapLfiial (Froddsab Astemahtaan senied) 9%

arametgy S RACMUCRINC2E& B 88 0 tEte e BIP TR AR GRE PRI e Ty N adrpiiue signal
rocessing algorithm 314 to determine whether the noise vector 266 has been attenuated.

ased oRPRETEINI08rAshamaRBAIR I RO 29% mrrdificthaatishumgd Mnissewsios 880
hich is ghigitally Beandadpyite fafefeflkel 0 7tranAnittaore a1 araplifigry3dfscied HanaRited

y the speaker 274. [0041]FIG. 5 illustrates a method 400 for active attenuation of the noise
ector 286°1PTE56 #d hr-riteavghep RRISSoYRSEoRting Y gt & BREIRIRRBTT OB A G WpESRSH
f the fapcdiié3sathR SIS Y RELN VRS GIai@othe 1aRr Waltedabicddhdile seliEag an

icrophone 270 detects the noise vector 266. Detecting the noise vector 266 may include

etecting RS aBraL BIReCSHitah I8P N of It uAFE Pt PRl TR BRisBaeHiRE Adfshas
ctor isydeteateddicl WanedenbA Qe asoskjanton e ftdRdriAtrAEule YO RfINGRE NGIse

i$ removed from the noise vector 266. The ngise vector 266 is detected by both the

ownstré4FIvAIGBpIsSHYE 388 arithdsdigialindesershbndhs 0P il dagmitied to an
icrophap e i$1B0aHIPRESAIARRT 69 the ke alpng the incoming air flow path than the

pstream microphone 284. Thus, the downstream microphone 282 acquires the sound
easurements f he fan ynit, 232 a predeterminged {i eriod before the sam und.
easurements[gﬁé” quired ng/&hg E}E%QV&% ?11{8%%%10@%2%0 . ﬁlé’%(%\%?{é ?ggrlﬁ %;efn?@ﬁe noise
Streamentar GEHONES282 Bnd pBddaiisgraphiuneoaespoudihgt slightlydiffissemitpointDining
e. The time peripod between when the downstream and trea icrophanes n
eSO LR TEbURH £ AT ATTCEOy g R ACAS BP0 R Adan 0 the
wnstreaumcandicipglieasTicderionts 28Aandc2a4266nDdketaip fthevipdsh. veadedd366 may
rrespanding to the time perigd may be.introduced into the signal frgm the downstr.
cronnbIid B IE 168 AT RS BTN Bl RO SO oGt et Ahe
streamoiRicreplvneda28lcdrud 2% Bioadjdstngstiiedelay Filte 6ource microphone 270 is
tgned to be sensitive to sound originating from a particular direction.

[0042] At 406, environmental noise is removed from the noise vector 266.
The noise vector 266 is detected by both the downstream microphone 282 and the
upstream microphone 284. The downstream microphone 282 is positioned closer to the fan
226 along the incoming air flow path than the upstream microphone 284. Thus, the
downstream microphone 282 acquires the sound measurements from the fan unit 232 a
predetermined time period before the same sound measurements 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 is
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[0043]As such, environmental noise, not generated by the fan unit 232, is filtered from the
noise vector at 266 by setting a time delay between the downstream microphone 282 and the
upgtream microphone 284. Sound pressures received by the upstream microphone 284, not
firsf received by the downstream microphone 282, are indicative of environmental noise that is
nof generated by the fan 226. Accordingly, the method 400 filters out non-fan unit noises
acquired bgalgendptd by hecipisimer iterophiemsy, teadevrsiseaveend vpserHBickMiangs
audible range, {he stanabmembeaiionored ay theiatienuatnsmecile 46:R0cR1be slapals

frogn the mjcrophones 282 and 284 are combined (e.g., subtracted from one angther), a
filtdred fan'BRRCHETSS SRy Keprbdinge P qutoamsicaTomiRe e d Fan it Rofs 8 fEesmaR ded to
obthin valugsdiacdhiemeenstie paramdtens ddvincfréam sadnpsreasuratngticnck S a6ad st
parpmeters, 43, Miay be,calghlated using.an alogrihm. delcimined yeino aoglcun table,
and/or may be p’rede ermined 2nd stored in the Attenuation module 276, The acoustc
paametersriginatére Somaypatiode theedtmguency, wavelength, period, amplitude, intensity,
spded, and/or direction of the filtered fan unit noise. At 412, an attenuation signal 414 is
gerjerated. The afvensption signahthddmarphagrileiaied it trvertieg Bienvavalenm piihe

filtdred f it noise 408. As sh in F 6, the att ti i 1414 h |
ampiituce TS WA PEIS (18D HotrBe T BHoR ALBS A SNSRI
wayeform 4@80{130146]_28243691 the atpstnereatiamisigpl;xbxtblaas.tmiﬂmmﬁeesp%klebﬁmto_
gerjerate ttﬁl&%ﬁﬂ%ﬁ%@@ﬁ&%&ﬁg‘ﬁ hﬁrﬁtﬁ%ﬁ&@%’% %EOB@@ﬁskgegéﬁﬂﬁm%%ﬁo%%fr%ﬁem n

a dLrection opposite the noise vector 266. The attenuation vector as a matching

amplitude BREBpisoRitenyHaneeatabReisn hrthe prisengesiedr petheThins Ahe satersiiagion thector
284 destrugtivRly derienes 4hf WA the NRiSaHeG46R:-RYyRdHEingtRe amplipudacobtie

noige vectar 266 to approximately zero, as shown at 418 of Figure 6. It should be noted that
the|amplitSHRiPRAYatr R BTV )T 2R ST i HAD Al 8V B oiass; the sigarlEtenbe
vedtor 288 gnaydetiute artelimiiatenadyl Ot areusts pigramaiemohthmitaipRorestos26fd
Furgher, in exemplary embodiment, the attenuation vector 288 is timed so that the noise
vedfor 268 A OO A A ERISH SPACRUE COP LS dol 588 (B, BCS Mg
the|noise weedoe66 upstream of the region of active cancellation 268. [0046]At 420, the
response microphone 272 monitors the attenuation of the noise vector 266. In the exemplary

empodiment, the[pegppnse MiRKCANONR AkS-ENTRILALS iaseteMvAi i maliti MBuA Fi586
hergin real-time.refers to actively monitoring the attenuation as the attenuation vector 288 is

trarfsmitte BB EPEIGK D74 REBURRRS S RISpRYARS Y2 dbldbay e

attqnuatectaioidged 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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vector 290. At 424, the attenuated noise vector 290 is compared to the noise vector 266 to provide a
dynamic feedback loop that adjusts and tunes the attenuation vector 288. [0048]Figure 7 illustrates a
fan unit 500 in accordance with an embodiment. The fan unit 500 includes an inlet cone 502, a fan
assembly 504, and a motor 506. The inlet cone 502 is positioned upstream from the fan assembly
504. The inlet cone 502 includes a throat 508 positioned directly upstream from the fan assembly 504.
It should be nefeditintyvuthptsgeatdwppdinwphissteanatisa defiradas el fromihadan 504 to the
inet cone 502 3 aunleams Iz Jefined a5 tavelng fiom e piet cone 5020, dap 504. A
source mlcrop?'none 10 1s positione within“the throat of the Inlet cone Pfhe Solirce

microphone 51 #aplimeR efethe paiircofcatie ASHo aperodpritiniyiotie doiieet tidreidfievre 610 may
include only omesaygko BB AREIARRRILS SRAAKE TR DS BAKILO RS diPSHEaMA M thaismrce
microphone 5 .tOIPag%nat% tthre may be ad 'téonal speakers 5]12. .The speakers 512 are positioned
within the inlet G858 At 8USBRM & EXY 476> a BRIy FiRRsi iy EBinAtuPRY BN R%eHLect on the
fan performanparainetsn diilgodisgentith2csp&akbes Blthcarecppbitiomatbdintkin, the awmetenss-sectional
plane. OptionaliyohRERaakeisoraBRBEIERL5ELONGANAIS AT BRARRRE Bligtapbone 514 is

positioned upstream of the speakers 512. The response microphone 514 is positioned within the inlet
cone 502. OptiaRealAiamf8s fisrehy H?&rﬂﬁﬂ’é‘ﬁ%fﬁerﬂﬁ?ﬁé’%ﬁ%ﬁgHBﬂTﬁﬁEt?égi‘ﬁ 5B %N unit 500.
[0049]Noise gexteratentéijatioe 26R. 504 travels upstream. The noise is detected by the source
microphone 510. In response to the detected noise, the speakers 512 transmit attenuating sound

fields configured to qestg)ctively interiere-withsthaibRisent DeYesuiat the desthuslivedmterference is
detected by the response microphone 514 to provjde a feedback loop to the speakers 512.
[0050]Figure éiﬂ}ﬂes?reﬁfggza%]zéré%%?geeéﬁglﬁ S?Ya?%ll?ﬁ Pt ﬁsﬁ?lgfﬂﬂgﬁb@%ﬁﬂ% HPERBodiment. The
inlet cone 550thecitideszosonncelicrophoned bereindesptinkerdebbn. Ahectpurastoniogophone 552 and
the speakers 3ad.aigRAacmeqRiRARt IR AGPRes famaatroihal. Qelianaly, the source microphone
552 and the speakers 554 may be positioned along any portion of the inlet cone circumference.
Additionally, the inle 55Q may include a pair of source microphones 552 and/or any number of
speakers 554. In thehé:i%a9 plegétm oﬂrl}r%eﬁ:ts,pt%é’esgﬁ%%)rﬁféerop o%%g%zﬁgna ?{lélas%cgé]fgésgs 554 are
each positionegdionR&0sarhictefo ty: stienimited misaeestah2dhie copnar@B0. B prdwaligiehéddource
microphone 582phddhe SReakers @iy ReQHRRLTAMeRS BPRIRRIIBRFddNPIRR travels through

the inlet cone 550. The noise is detected by the source microphone 552. The speakers then generate
an attenuation SOU”?OHEH to %‘?ﬂ%‘%%%b(ré%? zrif?arﬁ u%‘:hjgaqnngclggfdance with an embodiment.

The fan unit 500 includes an inlet cone 502, a fan assembly 504, and a motor 506. The

nlet cone 502 is positioned upstream from the fan assembly 504. The inlet cone 502
includes a throat 508 positioned directly upstream from the fan assembly 504. It should
be noted that with respect to airflow “upstream” is defined as traveling from the fan 504
to the inlet cone 502 and “downstream” is defined as traveling from the inlet cone 502 to
the fan 504. A source microphone 510 is positioned within the throat 508 of the inlet
cone 502. The source microphone 510 may include a pair of microphones. Optionally,
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 aerodynamically 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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-[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 microphgrie G40 BESSIPNEd YNy iflet HONEB0ZING SHER MR HRNAPRAZO MY

~include a pair OTme_CrO ‘n_cme . Optionally, the source microphone 610 may include only one
“microphone. ASphiisopeptanetBLras Risiie ieaalsthin the iRlst [SRPR0SH BBBCRBABNERY 1Fan unit 600

may include aRyspRkesahsPaakeacs &he.s0he epaakars, Gl2raimarrasyopivieadiscantigared to limit
~an effect on the fan %Eec{for?ancef&h? spe§k5%Ps 612 are coupled to a strut 614 that extends through
- the inlet plenuﬁ?%ﬂ ahaPacress an %p%lﬁﬁlﬁlg of the inlet cone 602. The strut 614 is angled to angle the
speakers 612 with respect to one another. Optionally, the strut may be arced and conf(i%l%lred to retain

any number of speak@P4H12. NrasIRisiated By e 1 Ry ds st aeravEIg TS 4RTHe noise is
detected by theyseidresumickaiehgpnenalD.0n iespansedadiBeddiectatl maisetithespleakers2612 transmit

attenuating souncl felda confiauiss it destiysiveby SR WIR e faissd09eAilourR O ilustrates

an active-passive sound attentiation system 650 in accordance with an embodiment. The system 650
is positioned wWitHH ah tie grstusH CSREHRRF T ORI thietBehFERgRSCTRE R B2 thcludes a

pair of walls 65g,vIde.walsLRMbapaAagEaRS parallel. Optionally, the walls 656 may be angled with
respect to each other to provide a plenum width that converges and/or diverges. A baffle 658 is

positioned within thegiaym G52, &% HiARIELA00. 008 B ErM e ba batlehahand the walls
656. In the ex;vrgglary embodiment, air channels 660, 662 have equivalent widths 664. Optionally, the

baffle 658 mayHe Fo&RAdgesh (Has It FaMHS BEXHIEhAs MR BEBRIANES AL FPFHE Baffle 658 is

- also positionedsn. para! @hdhileopalis 656 atdptionpkdicsbatite GOB posiyihred iy ldgnith respect to
the walls 656. Additionally, th ffle.658 may be round [ Qat\ﬂ ayens } pe. The

baffles 658 inc%&éegcgo%%g'af?g%gﬁr% %%?gﬁlé? 'lfrﬁ%r%g)oﬁl?ﬁ%%%gnuatlﬁg matg)?rilg:gaggég E%rous

medium configusiiépredispzruopritioref g i ronmerspufiacast ntdditgnaediainishsoifclude a

fiberglass core;siPRRIIMIM G GORAREESIsdRes KN vithin fatbowallpafkefptianally, the
source microphone 668 may be positioned in only one wall . Alliteratively, the source. microphone

. 668 may be p&%iﬂ’gneéﬁlﬁrﬁqﬁmh%gﬂ?ﬁe tg%g‘?“fﬁ%}{‘g}‘&ﬂ? }ell\‘/nrhe’lcgr%% cglntél%%%f%%fl %Scr)%ﬁ%lrlled upstream
from the bafflep6&8onreddptibnsiiys dovsshien flons tidchbafiks 858 .5SheBitinndB0thespusitioned within

the walls 656. microphone 552 and the speakers 554 may be offset from one another.

[0051]  Noise travels through the inlet cone 550. The noise is detected by the
source microphone 552. The speakers then generate an attenuation sound field to

destructively interfere with the noise.

[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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Alternatively, only one speaker 670 may be positioned within the wall. The speaker 670 may
also be positioned within the baffle 658. The speaker 670 is positioned downstream from the
soyrce microphone 668. In one embodiment, the speaker 670 may be positioned downstream

detects theyaise o, PERVIHE: I0IVE SO AteNValioRe T bessRaaker S 7lrapsmika seuRd

attdnuating noise which destructively interferes with the noise propagating through the plenum

. [oos73esadreemically epnfievisd inulimitivn sifideondhedmraianmmssictnm sReekrt
an emhedunsied bhesehiest 7 G ireta@stbrugH Pebset fléhih G0ShA Y 20¥d8s Hbpitng

frequency op the x-axis 7 ven octaye ban 06 are charted. E octave band 706
e A b KGR el e R

500 Hznd®eo IDptianallR00: HruT heagobeirackdnoisk gorfigonérits gexieratod yrddanf

y genesrﬁggy(gg\gqjyequencies in common with these peak frequencies. Accordingly, the
empodiments described herein are generally configured to attenuate noise propagating at the
pedk frequencies of octave bands 706. For example, a dominant frequency component of the
noige may includgtiagiblade presséreguentsd obihaéamn besblade Pagsfieaensy iSoise is
detprmine using(;il he following. BPF = (RPM * # of blades) / 60 wherein BPF is the blade pass
fre uency,ai?e‘ﬁ‘i\ft T SEATEHTISEPRIRERY O thE TR S5 ia BT RIshehs TRABERS O
blagles. Typirathit Hredvkaie passiffeilsanay guadpoakimatelyeRobtktfert higirdguairy travels at
apdroximately 70-90 dB. Accordingly, an object of the invention is to attenuate noises within
thejrange of 250 Hz. Although the embodiments are described with respect to attenuating
noiges having a peidirequendygirshoillddhratns tachthiae thesevalsodinhetits widooryettherin
arellikewisg, capahlaQf FHtR ARG AN EAYRR Y s P SIROPES ety AR Wiew IS BRuinlet

corte 800 formed in accordance with an embodiment. The inlet cone 800 includes an inlet 802

and an ouflet Yo ak{leXetnn s EhrotsdimErs, RseUm 53 0pchlst i v dvenls A8ke Bhe
parpbolic shapessthe:iaeinged NgsaIwidDRRAINM IS FeResH AR WiRI08 af dhptiist
804. The outlet 804 is confi%red to be positioned adjacent a fan wheel of a fa it. In one

empodimeFEHANST R LUl F e AefORYIRES AREGRAVSE N 8187 EGdhds's
betyveen tipesimieidtOR it firepbertiet 862. |Aithehihnelsab60, &6thextine bkt thennder reffliates 8
portion 819 i&&)}éli&gbf'c%%p sllﬁ e. In a,tiarnativ mbodiments, the inter jate portion 810
may have a{lny suita flse S ape.ai%og)é‘ﬁl oy tee?lrﬁ%%lrg%g b%lrrti%}ﬁaigfgs ir@éﬁi es g‘%? |t13\/l% it
apdrtures ®idths 664. Optionally, the baffle 658 may be positioned so that the widths 664 of
channels 660 and 662 differ. The baffle 658 is also positioned in parallel with the walls

656. Optionally, the baffle 658 may be angled with respect to the walls 656. Additionally,

the baffle 658 may be rounded and/or have any non-linear shape. The baffles 658 include
a sound attenuating material. The sound attenuating material has a porous medium
configured to absorb sound. For example, the sound attenuating material may include a

fiberglass core.

[0055] A source microphone 668 is positioned within each wall 656.
Optionally, the source microphone 668 may be posi;cioned in only one wall 656.
Alliteratively, 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.
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- formed therethrough. The apertures 812 are formed in an array around the intermediate portion. The

. apertures 812 are configured to retain speakers 814 (shown in Figure 13) therein. The intermediate

~ portion 810 may include any suitable number of apertures 812 for retaining any suitable number of

- speakers 814. The apertures 812 may be uniformly spaced about the intermediate portion 810. In one
- embodiment, the inlet cone 800 may includes apertures 812 in the inlet 802 and/or outlet 804.

[0060]Figure 13 jis A58, Viewy oha Januns A0 AP InEs iAcEARaange With amerghariment. 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 joifeY #5ehe PaiioReLFadY SrakaltisPofit BECPEFEaREl SPPALPRD SIS the
apertures 812 (shows ioukiguiierdjoat 663 iNtebeoanbd0ihehh ehsppeaiker$ Bl harbequsitiged in an array

around the cirypigleRGe: ol IR Rse AU LRs.heakarePid-as Alrandedh anagay around the

circumference Of the Intermediate portion 81 inlet cone 800. [0061]Figure 15 is a front
perspective vielrastigiofae anfid0Having 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 assembl{0837 is Pésittogrmdrarith whithih ibc§2ehohthe faavelhapigam FHe aidevphone 826 is

positioned withjg theicraRLOpesasSEARRLY E%vel Bl SHAeH GNP ANMSALIRC Wele Solate

microphones 826 positioned in an array within the microphone assembly 832. In alternative

embodiments, THEBRPDARE AR HH A0S AYNIHR BEME PRI SPRBIRES B 2 B S A5 RS 4%y manner.
For example, thenkaitunitsSdei maringiug endisin gidichi cdephntiesB2 Gnoefitese dvith thkehubi24.
[0062]The micrc% haongna%%%%%?rilncl%g) s a cover 830 is positioned over the microphones 826.
The cover 830pmgygge fhserted It the hub 824 of the fan wheel 822. The cover 830 may about the

hub 824 of the fan wheel 822 in alternative eEbodimﬁgts. The caover.830 mag%be forqggd from a

perforated material td"idlv sotiEtFvhlds fooBats IS ik LEUEPE 50 MV e St med from

foam or the likadtvsiame eitibodimbodsndite Thyeh@8000Nitdudis flowndopthesuridiaportbe 826 while
allowing sound,yyaves 1o PEapAgAte 19 dhe, MIGTORAONES 826, Has M BbaRe s EAG B eRNfigured to

* collect sound measurements from the fan unit 820. In response to the sound measurements, the array
of speakers 819F{gen el inglydet amsaksisAus oo S FPeRk MRmERiss ‘UHBBEHER? [themicrophone
assembly 832 &3 supppsted bynathosin 834.00he1head6GdHetaihs dbaimicr omkhonenpssermbly 832

within the hub 824 of fan wheel 822. The bopm 834 en S. hgf h%ﬁﬁ?%?eé@ Qfate with
disturbing a po%"’iﬁ%rﬁt% the ?n%flqgﬁg egg%%réglﬁb@ag% é?ﬁ% é%r%{l 8?%%%%ined toa su% ort beam 836
that retains a gositionsiof tHetsedneigsthe pbedimsntrsisaoisbiasimpry gaprally configured to

attenuate noise propagating at the peak frequencies of octave bands 706. For example, a
dominant frequency component of the noise may include the blade pass frequency of the

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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[0064]The embodiments described herein are described with respect to an air handling system. It
should be noted that the embodiments described may be used within the air handling unit and/or in the
inlet or discharge plenum of the air handling system. The embodiments may also be used upstream
and/or downstream of the fan array within the air handling unit. Optionally, the described embodiments
may be used in a clean room environment. The embodiments may be positioned in the discharged

plenum and/or the reggiseehase githe GleanimeanRwQRtgNAIY e STPdimants Jmaydg.ised in

residential HVAC systems, The e %o_d'ments may be used in the ducts of an HVAC system.

Optionally, the 2HBB i gﬂ@?ﬂt&y SEWRH Prasbids an ebh 60t pdamretiehd%hdeaed-water air
handlers, datacgemniédargcolimglsysitths, iptaickd’s adolirgeyat@tdshiwenidifiadatl ansBysteriae and factory

engineered uniticopifolss QRIARAYs he SMRAAIMSAL ViaY BesusSH YRGB erialaRp/or

“residential ventilation products. The embodiments may be used in the hood and/or inlet of the

ventilation profftitis espfigrEstyodrrariinsaradiats il alsssicriay wdwHstrsmsdimethiet in a duct
and/or at a disbeangkiie rbue i) Tikefauawbed. erabhtimriisdesaohedoheieidchabiemgiive monitoring

of noise genergigeky AN llhPyaciyah: MRQIAINGBsORe yaN AUSRUAtoD SR s dVnamically
generated to cancel the noise. fe attenuation signal is genera%é&%y inverting a noise signal acquired
within the fan ifnfeliRgeerhinglansteliudiforiy erembetizaentsy theahimgdiate aepiitu8tlonee noise
signal. Additiopalyarthenatipuatien 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 unifod3y respRnSRMICIORDNR SRS LARIDUALIGSARAGK At Attepuation,

thereby promoting the dynamic changes of the system. [0066]The various embodiments and/or
components, fOFB%AHFIELEARE I ot 8BCHHED B Gie FRESA dOCBhIFHIEREONRE ibin Initemadialy be |
implemented asrhait Of iene atuReIe Lars pUifigueiINORBEE Gifallde SR &f Pigsessyr may include
| computing dgvicty afiRILAENRe vB AIRARY MY AGARND'CHARR o EXAIpie, (L aggessing the
Internet. The computer or processor may inc ude % microprocessor. The microprocessor may be

connected to #¢apRiNgeaYGABbs. TiRdeoThpredent: P fo cEksapattarysaldd inmibdatrifaremory. The
memory may ighidaiRangemberaisMImensiSAN) AR dmratnOR MV aReRA{REY halhe computer

or processor furtp%r ma includé a sto\r}%%e device, which naay be a hard disk drive or a removable
storage drive SUCHSE RISy tidR BEECORAIRERHIR 8 %nd the like. The storage device may also
be other similar means for loading computer programs or other instructions into the computer or
processor. [0067]Asl0&Y herBighig Btis s g Mgl & el A8 formgdi i Rrgerdanpgordtessor-based
or microprocessembasiadayskFariCludingosy piespeiaingew e eenitaliers. reduseddnstioction set
computers (Rl1§cc1: déas\ Ig 1?1’16'99(')%ecg‘&&|t%hg I{lnqe?ggne 800 is joined to the fan wheel 822 of the fan
unit 820. Speakers 814 are 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.

[G061] 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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other circuit or processor capable of executing the functions described herein. The above
examples are exemplary only, and are thus not intended to limit in any way the definition
and/or meaning of the term "computer”. [0068]The computer or processor executes a set of
insfructions that are stored in one or more storage elements, in order to process input data.
Thq storage elements may also store data or other information as desired or needed. The
stofage eletightiivayepbafiprntsrheoRarmmidai atien iselndeay npmpsicel misraphpnse §nt

within a pragessiagimashinglQ0e8l TherssiOfHOSHHIGHR T MMAYYREHIR ValiRLS RRERPRGES
thaj instruct the computer or processor as a processing machine to perform specific
opdrations S US MRS AR processes of the various embodiments of the invention.
Thq set of instructions may be in the form of a software program. The software may be in

vargpous forms su @S system ﬁg)ftware r agplicati%p Evv.ar?. (further th<§ ftware may, be
. 1 . € nglcrolp one_assem 8 inclides a cover 1sv\}>(hsn1on d
in the form of a collection of separate programs or modules, a program module within a larger

ram owzep ditioniefoahonsgréae. nbdulever 3 ¢ oftayabe alsatrdaininchedeungadlaf the fan
rammipgen ©8 form Qb ehieshatieptashr eramning. Jhe PiaresRYRE &HNRuULIdataRY the

essing machine may be in resgonse to ?!%erator commands, or in response to results of
ious pFIRRAURE S Th&Qyen8dhenand§uesnaiafien  AsHiacs matsghiy mbewiseund
O]As usecthesginssthrianos geoTikaieyeaRd0 TRV &Rkl intRrchanoaailelirechibsiwde

computet program stored in ory for execution by a computer, including RAM

oy, Pty TR IoHE PR SN IRt g N A FRpound
(NMRAM) meveotty. filvpazbeve nﬂ&mn'ryrwpesear@%xé?hpIarycmp};orach%ea@humnﬁgMilng as
to the types,ALmeTARHIANEIQNSIRANRLA SAMPHISHRIOIAM, IRTHILS 2. e updsrstood

tha§ the above description Is inten ustrative, and not restrictive. For example, the
abdve-destistan eailspelsentd 4 anooresspewtectinsispfigndy be used in combination with
each other. In addition, many modifications may be made to adapt a particular situation or

maferial to the teachings of thc various embodiments of the invention without de artin%from
theil scope. Whil&P853 In the illustrated embodiment, the microphone assembly 832 is

supported by a boom 834. The boom 834 retains the microphone assembly 832 within the
hub 824 of the fan wheel 822. The boom 834 enables the fan wheel 822 to rotate with
disturbing a position of the microphone assembly 832. The boom 834 is joined to a support

beam 836 that retains a position of the boom 834 and the microphone assembly 832.

[0064] The embodiments described herein are described with respect to an
air handling system. It should be noted that the embodiments described may be used
within the air handling unit and/or in the inlet or discharge plenum of the air handling
system. The embodiments may also be used upstream and/or downstream of the fan array
within the air handling unit. Optionally, the described embodiments may be used in a
clean room environment. The embodiments may be positioned in the discharged plenum
and/or the return chase of the clean room. Optionally, 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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dimensions and types of materials described herein are intended to define the parameters of
he various embodiments of the invention, the embodiments are by no means limiting and are
bxemplary embodiments. Many other embodiments will be apparent to those of skill in the art
Ipon reviewing the above description. The scope of the various embodiments of the invention
should, thebefbrectide thetehninesdl witth redererseeiab ahd/ eipprsidtadiall aienslationproidhate flhe
cope OLGRUNGAIGRIS o1 BIENSHIN R &1 ARt Eik 0, seRended plaime, (syismay.

including™ an " arc used as the plain-English equivalents of the respective term$
comprishrerabetimpeteingy Monssitimmed teviaticsengtihimisletia eedas afdior akachsrhargad
{third,” e}g,are used merely as labels, and are not intended to impose numerical requirements
n their objects. Further, the limitations of the following claims are not written in
eans-plus-function format and are not intended to be interpreted based on 35 U.S.C. 112,

ixth paragraphoygigss and yil speh, claim JiiBHRNR SHSEF S RS IRAARR EARiiRY

llowed by a statement of function void of further structure. [0072]This written description |
ses exaipss eearsated by fearinis Binpeivelz mevitenagibe e, intlddmyahenpeenshéte,

nd alsoyin sRARIe, AN AERTSEIeE hENR RE WPHRAGESRHI QRN S SIBRABIR S Ridhfhe

ihvention, including making and using any devices or systems and performing any

ihcorporatagisaetienak. araeiisdtarithine theolsa smike AessdinginbadrmeiieioftHaan R INhY
efined By, (e Claims. ARAIMAY iRelude QIbRE %EH&P'GA&%E&E&W tepthosesidhesh inthearts

uch other examples are intended to be within the scope of the claims if the examples have

tructuraaiignestderdastasibtelyriaterbire tathithamaisg vadin pireemisingd imgideetheniples
ihclude eauivalent arictiia qlRmeits Wit sy pstantiah fifferranesdiomibeditgiahiangages

f the claims. CLAIMS 1. A method for controlling noise produced by an air handling system,
omprisiiyjt-chectrsgasanatisreaborensaabloy csantvaualr fesAbiely of ShsmatirrualigRd thereby

easuremenis ieing dalingd Pi-AceusticHeaARalers,  determining values for the acoustic
arameters based on the sound measurements collected; calculating offset values for the
coustic parameters the offset values defining a cancellation signal that at least partially

ncels out the;geyRd MeasuirMents; ANEmbodRRAMRINLIDE canpRiRiA) Signakbased ahe
the offset values with a plurality of speakers positioned at different locations on an inlet cone.

. The rieerBleBiclanmRONGReIcorApHENRT COIEEIhGSouRNhsasplsmentedmthpart of one
icrophgne,BRSIUANGHIRAR YRRk WG&lomputer 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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- 3. The method of claim 1, further comprising collecting sound measurements generated within a fan
“wheel. 4. The method of claim I, wherein the plurality of speakers comprises 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. L6 raeihorlof€l b hiay comprising: s0leRtNEI SRS ESayNdarRsUrements at

. a region of cancellation; and tuning the cargcellgtion si%qal based on the response sound
~ measurement<ISHHA AR BYBIE LT Sie 8RR Rerating a cancellation signal further comprises
" generating a cancellation signal in a direction opposite the sound measurements of the air handling

system. 8. The methd®P6%kclairhE, SRBRETHOME QAFOE REFBHCE RFfA LG SstrucHoR R R &dEWith the
- sound measurgmsitsahbhe avrdpRnadinensystesrdd. 18 heosihinsholalainmic woergirkisensise of the air

handling system |ncfg0d§t§rg lade gt%ss.fr{eg?l%???r}/agf dterglere%iro Ihggj%leigg ?th?@a JéOdeTnpeet%% od of claim

. may a ata or other mn
1, wherein coIIec?tYng 2oUha eSS réments Turther comprises filtering ambie noise trom the sound

measurementshel in Thve ferethold of oi&mmationhereier gemerabiviical caseelatdersigin#ifirter comprises
generating a cgpcelighpmsighal from a plurality of speakers.

[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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12. The method of claim 1, 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 source 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; a speaker to generate the cancellation signal; and a sound attenuating

device to passiv@bhsianReeldngsounahMeaBUIaNDIEhdbin TheisuaRMOfsaMEEIyihRigH the source

microphone is&qﬁgloned m&hglb of a f?rt’hwheel..15. The E#em of cIa.Lm 13, wherein the source

microphone is SUBPOREAOR & BoS that S aN FdoS SESSHESR Whdero B U8 m of claim

13, further coraptising emplacy pobitiomertsoVidetieboutobedioraphvie o dipitcalr tidhese ¢fie source

microphone. 1451Thg sistem Qfsaimid@inyheLeibsRUREWRKSS. PasR kI thBLMRBLL8. The

system of claim 13, wherein the source microphone collects sound measurements from a fan wheel.
y embodiments of the mvention shouPd, therefore, be determined with reference to the

appended claims, along with the full scope of equivalents to which such claims are
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,
uniess 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 intended 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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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
cifcumference of an inlet cone of a fan unit. 22. The system of claim 13, wherein the speaker
gdnerates the cancellation signal in a direction opposite the sound measurements. 23. The
sytem of claim 13, wherein the sound meas{fdAdiéESare at least partially cancelled out
within a region of cancellation, the system further comprising a response microphone to
cdllect response gombthdddascremEms aditeeredios o cantelabidlingystthe syapemigf: claim
23, wherein the module tunes the cancellation signal based on the response sound
measurements. 25. Thecslisteéng cbolalnm28uvenenein filverr dspoinskandicng plysteeninitiedesal pair
offmicrophones to filter ambient noise. 26. The system of claim 13, wherein the speaker is
pdsitioned in an inleasplemgnisdieihe difihethellingpuydcararan®icThe system of claim 13, wherein

thp speaker is positioned within an inlet cone of the air handling system.
determining values for the acoustic parameters based on the sound

measurements collected;

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 with a plurality
of speakers positioned at different locations on an inlet cone.

2. The method of claim 1, further comprising collecting sound measurements with a
microphone positioned 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, wherein the plurality of speakers comprises 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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28. The system of claim 13, wherein the source microphone is positioned within an inlet cone
of the air handling system. further comprising 29. The system of claim 13, wherein the
speaker comprises an aerodynamic surface to reduce an effect of the speaker on the air
hgndling system performance. 30. The system of claim 13, further comprising a plurality of
sgeakers. 31. A fan unit comprising: a source microphone to collect sound measurements
frgm the fan unhit; The mathed gieclaimetinshsrelngssiratione sigansetation sen partielyapiiss out
the sound measurements a speaker to generate the cancellation signal; and a sound
atlenuating device°R5"BHRE vERPeelitionRigRddng HisqonstpREe 8 spHakaeRHeaT iRt 31,
futher comprisin(?Pa fan wgeel, the source microphone positioned in a hub of the fan wheel.

3. The fan unit JFERlHAE4!

1P Romprising a fan wheel, the source microphone supported

ona bpqm th%t. e%heenrglgtlrgtcpo agﬁ)n(?;tvr&ﬁe];ae‘ﬂl%%%glﬁc% étll_or}lets{gallg]atlneltst()f&lg"lg/%Jfér]}égg%{'ith
cqgmprising a cover posituoned over the source micropnone tolimit air 1now e source

mfcrophone. 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 1, 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 source 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;
a speaker to generate the cancellation signal; and
a sound attenuating device to passively cancel the sound measurements.
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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35. The fan unit of claim 34, wherein sound waves pass through the cover. 36. The fan unit of
claim 31, further comprising a fan wheel, the source microphone collecting soyr_ld
megsurements from the fan wheel. 37. The fan unit of claim ?_,1, further comprising an array of
spegkers. 38. The fan unit of claim 31, further comprising an inlet conefanﬁ an array_o_f o
" o ) . i ng
spegkers positi i e ipl . 39, .The fan unit of claim 31, further comprisi :
inﬁe cone%nd grﬁ?ggy%géﬁzgfe% %%g%fo:})ngg& arcund & circlirere mes ienrd avie tsneouise.

Thejfan unit of claimi%pmg@nimggpﬁ%qggﬁ@g{ﬁlc%s?&%c Qggllatio_n signal in gdlrecnon
opppsite the sound measurements. 41. The fan unit of claim 31, wherein the soun

megsurements areTiclepse patielincanseiadinub WA LsaRRAl sANgelalan. the system
furtiher comprising a response microphone to collect response soun measurements at t e
regipn of cancell8tibhe 4¥ystne faih diaitof Ijairwﬂelewha»{@lrg(;{;pcgngq&g R3S ggg&@pcg@ﬁn
sigrjal based on the response sound measurements. 43. _The fan unit o c_:lalm 41, wherein the
response microphdiashedmgats &eaia &fomibeephones to filter ambient noise. 44. The fan unit

aim 31, wherein the speaker is positioned within an inlet cone of the fan unit.
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
cancelled 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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45. The fan unit of claim 31, wherein the source microphone is positioned within an inlet cone
of the fan unit. 46. The fan unit of claim 31, wherein the speaker comprises an aerodynamic
suyface to reduce an effect of the speaker on the fan unit. 47. The fan unit of claim 31, further
prising a plurality of speakers. 48. A method comprising; positioning a source microphone
wifh respect to a fan unit, wherein the source microphone is configured to collect sound
méasurement3$rdne thisRin ohirlagasifenihereisfeakaosithisspeatadstiresidangdityithiarein
the speaker is configured to generate a cancellation signal; = operatively connecting the
rce microphoﬁ’é‘%ﬁﬁ%%fgb%é‘ﬁé‘?‘ﬁélalwaﬁf@'tﬁ%h%rGeﬁﬁ’éj’tﬁf’é%i to define the cancellation

signal that at(lifasi artiall (zgn els out the sound me%surements; and positioning a sound
atfenuating devic ifPfsltgéb RN fHERSIE HREPET the BRIRE ARt s suLfage to
flgured o passetl SPOEL PO eER AN AP TG hod ol gl 48,

wherein the positlonlng a source micr one operation co rnses posi |0n|ngethe source

rophone in3@. Igflﬁg grs?exfx‘?ngﬂﬁﬁllgf mﬁﬁmm&;rising a plurality of speakers.

31. A fan unit 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
a speaker to generate the cancellation signal; and
a sound attenuating device to passively cancel the sound measurements.
32. The fan unit of claim 31, further comprising a fan wheel, the source microphone
positioned in a hub of the fan wheel.
33. The fan unit of claim 31, further comprising a fan wheel, the source microphone
supported on a boom that extends into a hub of the fan wheel.
34. The fan unit of claim 31, further comprising a cover positioned over the source
microphone to limit air flow to the source microphone.
35. The fan unit of claim 34, wherein sound waves pass through the cover.
36. The fan unit of claim 31, further comprising a fan wheel, the source microphone
collecting sound measurements from the fan wheel.
37. The fan unit of claim 31, further comprising an array of speakers.
38. The fan unit of claim 31, further comprising an inlet cone and an array of speakers
positioned within the inlet cone.
39. The fan unit of claim 31, further comprising an inlet cone and an array of speakers

positioned around a circumference of the inlet cone.
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50. The method of claim 48, wherein the positioning a source microphone operation
comprises supporting the source microphone on a boom that extends into a hub of a fan
wheel of the fan unit. 51. The method of claim 48, further comprising positioning a cover over
the source microphone to limit air flow to the source microphone. 52. The method of claim 51,
wherein the positioning a cover operation comprises configured to cover to allow sound waves
tojpass theretfolihfmaumrel glathad .ofetaein 1he, spankesigetiseaiso shioriingsdatendgnal in a
mjcrophone, the positioning a speaker, and the operating connecting operations are repeated
an an-ay of faH1GFHY 8APORHE hectPigi SRRV herein the positioning a speaker
eration further comprises pasitioning an array of speakers within an inlet cone of the fan

i 55 The Medith flcﬂmé% iWh?éeabg?ﬁo%wg‘éa%ﬁaélgﬁ&eaﬁe%%lfr‘aﬂrwﬂa{?y
{Ppsrgefhzorj:te'%%%%é %g{&rﬁ@l}fdoear'ée'{én% und & clicumigrence of an niet cone,of Ing fan

10N er compyrising a.
UrtherZdmprising postioning & Fesponse microphone with

pect to the fa@e@#&s‘é’ﬂﬁf&%ﬁ&ﬁé‘%ép@&%%t%%%?eoQSuE?dCR{%Q&H%%?eﬁ?s callge! E@réﬁﬁ”éfﬂ‘

und measurements at a region of cancellation. 57. The method of claim 48, wheréin the
sitioning a speakgE@Resation comprises positioning the speaker in an inlet plenum of an air
ndling system. 58. The method of claim 48, wherein the positioning a speaker operation
mprises positianiagiehirgakenwithivhariniat cenrRithesar umbehRidihadnatbad phelaim
, Wherein the positioning a source microphone operation comprises positioning the source
crophone withiheardplatconmdhibiamenis, 60. A system configured to be used in a fan
afray, the system comprising: a source microphone configured to collect sound

asurements3frbim dafamniniofotihm fah, amteeysin the response microphone includes a pair of

RO SO W ICOCO

microphones to filter ambient noise.

44. The fan unit of claim 31, wherein the speaker is positioned within an inlet cone of
the fan unit.

45. The fan unit of claim 31, wherein the source microphone is positioned within an
inlet cone of the fan unit.

46. The fan unit of claim 31, wherein the speaker comprises an aerodynamic surface to
reduce an effect of the speaker on the fan unit.

47. The fan unit of claim 31, further comprising a plurality of speakers.

48. A method comprising;

positioning a source microphone with respect to a fan unit, wherein the
source microphone is configured to collect sound measurements from the fan unit;

positioning a speaker with respect to the fan unit, wherein the speaker is
configured to generate a cancellation signal;

operatively connecting the source microphone and the speaker to a module
that is configured to define the cancellation signal that at least partially cancels out
the sound measurements; and

positioning a sound attenuating device with respect to the fan unit, wherein
the sound attenuating device is configured to passively cancel the sound

measurements.
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a module configured to define a cancellation signal that at least partially cancels out the sound
measurements; a speaker configured to generate the cancellation signal; and a sound
attenuating device configured to passively cancel the sound measurements. 61. The system
off claim 60, wherein the source microphone is configured to be positioned a hub of a fan
wheel. 62. The system of claim 60, wherein the source microphone is configured to be
pported on 49 bbloemibtabéxte nksmnd8, aniietrof thd g sitheehg6B sdihieesystermbohelajrer§in
ther comprising a cover positioned over the source microphone to limit air flow to the
urce microphopempdseFhwsiisteng dickamce3nigtophsinetiie cbverob xdifiginesd eb Bifofkn
und waves to pass therethrough. 65. The system of claim 60, wherein the source
crophone is cd#ftyured to collect the sound measurements from a fan wheel. 66. The
stem of claim 60, further comprising%an array of speakers. 67. The system of claim 60,

ther compriding SR HReE & AN % APt LS eeK e fi SRV SRS RRSNRA I8P EaHEn

comprises supporting the source microphone on a boom that extends into a hub of a
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fan wheel of the fan unit.

51. The method of claim 48, further comprising positioning a cover over the source
microphone to limit air flow to the source microphone.

52. The method of claim 51, wherein the positioning a cover operation comprises
configured to cover to allow sound waves to pass therethrough.

53. The method of claim 48, wherein the positioning a source microphone, the
positioning a speaker, and the operating connecting operations are repeated for an
array of fan units.

54, The method of claim 48, wherein the positioning a speaker operation further
comprises positioning an array of speakers within an inlet cone of the fan unit.

55. The method of claim 48, wherein the positioning a speaker operation further
comprises positioning an array of speakers around a circumference of an inlet cone
of the fan unit.

56. The method of claim 48, further comprising positioning a response microphone
with respect to the fan unit, wherein the response microphone is configured to
collect response sound measurements at a region of cancellation.

57. The method of claim 48, wherein the positioning a speaker operation comprises
positioning the speaker in an inlet plenum of an air handling system.

58. The method of claim 48, wherein the positioning a speaker operation comprises
positioning the speaker within an inlet cone of the fan unit.

59. The method of claim 48, wherein the positioning a source microphone operation
comprises positioning the source microphone within an inlet cone of the fan unit.

60. A system configured to be used in a fan array, the system comprising:

a source microphone configured to collect sound measurements from a fan
unit of the fan array;
a module configured to define a cancellation signal that at least partially

cancels out the sound measurements;
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68. The system of claim 60, further comprising an inlet cone and an array of speakers
positioned around a circumference of the inlet cone. 69. The system of claim 60, wherein the
speaker is configured to generate the cancellation signal in a direction opposite the sound
mgasurements. 70. The system of claim 60, wherein the sound measurements are at least
pdrtially canceled out within a region of cancellation, the system further comprising a
repponse microphone cosfgiiredaniiiedtogspontetisoemdatimaumgnadinsdat the region of
cgdncellation. 71. The system of claim 70, wherein the module is configured to tune the

cgncellation signal based syuidediesnansg seuid neastemeadtHaidvdinesysienmef shaimg 70,

wherein the response microphone includes a pair of microphones configured to filter ambient

ndise. 73. The syrélteearsr‘]lrgfncﬁréﬁh 60, wherein the speaker is configured to be positioned within

arf inlet cone of the fan unit. 74. The system of claim 60, wherein the source microphone is
cdnfigured to Bk pBsitysien withetan fletdiseinithsespcanmicphope sy saavigyredalm 8o,
wherein the speaksyiaaPsIsas s askagaamic surface configured to reduce an effect of the

Sk O o 7 el 60, Cwheremn Ihe Soures Smatbpiond s Peordivred Jpegeers:
supported on a boom that extends into a hub of a fan wheel.

63. The system of claim 60, further comprising a cover positioned over the source
microphone to limit air flow to the source microphone.

64. The system of claim 63, wherein the cover is configured to allow sound waves to
pass therethrough.

65. The system of claim 60, wherein the source microphone is configured to collect the
sound measurements from a fan wheel.

66. The system of claim 60, further comprising an array of speakers.

67. The system of claim 60, further comprising an inlet cone and an array of speakers
positioned within the inlet cone.

68. The system of claim 60, further comprising an inlet cone and an array of speakers
positioned around a circumference of the inlet cone.

69. The system of claim 60, wherein the speaker is configured to generate the
cancellation signal in a direction opposite the sound measurements.

70. The system of claim 60, wherein the sound measurements are at least partially
canceled out within a region of cancellation, the system further comprising a
response microphone configured to collect response sound measurements at the
region of cancellation.

71. The system of claim 70, wherein the module is configured to tune the cancellation
signal based on the response sound measurements.

72. The system of claim 70, wherein the response microphone includes a pair of
microphones configured to filter ambient noise.

73. The system of claim 60, wherein the speaker is configured to be positioned within
an inlet cone of the fan unit.

74. The system of claim 60, wherein the source microphone is configured to be

positioned within an inlet cone of the fan unit.
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75. The system of claim 60, wherein the speaker comprises an aerodynamic surface
configured to reduce an effect of the speaker on the fan unit.

76. The system of claim 60, further comprising a plurality of speakers.
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