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WO 2005/ 076864 PCT/ US2005/ 003198 1 MULTI - VALVE DAMPER

FOR CONTROLLI NG Al RFLOW AND METHOD FOR CONTROLLI NG
WAL BACKGROUND OF THE | NVENTI ON The pr eseptT/US2005/003198

invention relates to an airfl ow danper for controlling

the flowof air in 5 a ventilation system In

particular, the present invention relates to a

mul ti-val ve danper which divides a section of an

MULTOVA NG DANMPER FORISONTRORALINGOXMBEEDWNSNDWIETHOD

a danper — blade pHRVebRaROPYINEIATIRFLOMW rol [1ng the
airflowin each™© € alrflTow Sectrons 1n response

to sensors in each section. The present invention also
provi des corr e BACKGROUNBXOBA$HE INVENRIONI | i ng
airflowin a ventilation system 10 Air delivery and
di stribution systens are used for heating,
V € nfﬁé oﬁgéeﬂpmvéﬂﬂ)n%féltésrig an ‘éﬁ'ﬂékkl [HGRABEL for béhtf(ﬁﬁhéjﬁfétﬂ(ﬁ} of air in
mrerci al structures. These systens typical
a vemtasl:oatsysjémaln pagti¢ugdry the fprespmtaBventidn sélates taod malltr-fvalawdamper

dugts used to rect a or fr m varjous | ocations.
whih Sy aert sttt regfreb s POFE P BRASY S @PSorans gomper
bla&c&ufaﬁk%rb!wﬁémf(fr Rbntddfng BB ihlkactbf the @floweétlims in
ductwork. Airflow control and regulation is typically
resuoase fosgnesus inggach AeciionuEhcmieient mverligvedlsoproyisey eorresnpeding
mefils BEFRRITGL MEF, P BLEkha-Sggegre 1. the ductuork.
LER rv devi ﬁi’e véenturi valve, such

as Ahelewm dhd dis&ibueon ﬁwwﬁm’e us&bifob ieAthgenéntilEmmt sl ®oling
Corporation of Acton, Massachusetts. Such venturi
requiggnyesss inrpsifentiahang rammaercial stRuGtyres. Hbestysemsrtypically consist of a

var%éﬁ’;(ﬁft{&beﬁ ahfl %hz\égbf" Syl hﬁ&ﬁﬁs £6 At Wit 16 3r HlofHPwaridd8 16tations. It

he"s I's attached to a spring having a
is dedrbtesintsuthaitflove sybeangoce dbte tomicatratiely @nol mmhsga]late the airflow

fl dl f h t )
in e icior AR aane! pd EPRRa 1Pty G O Py gariugtable
danﬁvﬁr Br 9516@ SHHiéh AY 8P eDAEI fed BINELWIRHYRE h Bl Auct/arlk 3. 0

col'um static pressure. The shaft can be
rmd@hfamh prior ud |dyvnch & the yentwh ivhlyetsueh gpihierygnwoirialve

A B R R B FAA B e v

valPdslukillio¥va dhétse&ionl ih th@sh@lﬁé bb4 adrfeeki. |Thetwfaevef1ﬂﬂiz@§ y c@lé&ﬁlhlch rides
nunmer ous points and the valve is
on a shaft. The shaft is attached to a spring having a constant that is designed to maintain a

constant airflow regardless of changes in static pressure in the duct. The valve is typically
designed to operate in a pressure independent manner between 0.6” and 3.0” water column
static pressure. The shaft can be modulated to vary the flow while the spring/cone slides on
the shaft to maintain its pressure independence. The valve does not directly measure
airflow, rather it is calibrated in the factory over numerous points and the valve is
characterized to maintain a relatively accurate flow control. The valve can be modulated
using either a pneumatic or electric actuator. Because of speed and reliability, pneumatic
actuation is the preferred method in critical applications such as laboratories.

Another example of a prior art valve mechanism is the Pneumavalve manufactured
by Tek-Air Systems Inc. of Danbury, Connecticut. The Pneumavalve utilizes a series of

EPDM (Ethylene-Propylene-Diene Monomer) bladders that are surrounded by sheet metal
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25 characterized to maintain a relatively accurate
flow control. The val ve can be nodul ated using either
w@2@seuwsst i c or el ectric actuator. Because of BEEES20850)3198
reliability, pneumatic actuation is the preferred
method in critical applicatipns such as | aboratories.
Anot her exanple of a prior art valve nmechanismis the
Pneunaval ve manufactured by Tek-Air Systens |Inc. of
and Bpated mpproKmmnelgtl apart infhmetah easie A 1-20 ki don#rebsignal inflates the

blaciEEs QIS CRevIPSUEF A DL TS CAIBELaTRA By ared from cither
stairﬂ@&%&f@ﬁ%@gﬁglé@%ggﬁwﬂ% engin%rlﬁll the Qﬁﬂg:atlioxi c’)l“hg SYialve is not

appr oxi mat apart in a nmetal “casing.” A 1-
by itsoffn)rassurs iinfeaendent arat st tbhasediinaddpmstisowithah atrfley sensor in

restrict airflowin duct. .This val ve can be ..
ordd i3 b hieosie e Pdeth TREVAVE fartn Pl el il Byt tincar response to o
con@éll sy@ial ARRingtieeEd N ferustSRnsioRLodftof flications. The valve has
appl i cation. The valve is not bi/j itself pressure

virtyallyaienendng partrnduberefise peadrelipbitibngventimicofihawalie ean only
o R ARRRE ST AR kLoD CST,

ave avery ¥'esponse
t 0 Aafurthenéxamhpls b pliom@akddi@pdr SyAerd 908 Vaahble AioVokise q'ww)
ai rflow control applications. The val ve has virtual %
termial g HRFrpaierameRHsTRRIECHHITErs @b Y Y darmimil bpxsp igelading but not
limitdd¥6 T II’EF 6f REhYRIsGRT RN )&neﬁﬁg%@&ﬁ:dfﬁdm @aﬂﬁ)%qa{(b&g% of

controllTed air. Tt cannot operate eleétroni cal
RicKandsoheT exax diigptle &oBaiteymfiRichaadson dhexaerand Psice industries of Suwanee,

Var i Alr . Vi .V, 0.t 1 nal . . There are
Geofiief b i b etEPsta RIS reim o} Shiss MR Rith digund
blad@éh aBhft in tH¥ duBfsebQonl glh' b iR ordied ﬁ'r?&fgho{gt?&(% degree arc to vary

1
Anenost at of Carson, i fornia, Krueger
the fow e de@nTherdamaper imand ofatself BundteyesshreMnddpandiaib byt a flow sensor

.. Texas., and . Price. I ndustries of Suwanee Ceorgi.a., A

s Ry il S T ki Pie SRR e SRR aghed fow.

Becaldedlie d@icdlutilizéda pitdtastecflow k@der @1 IImBERtthe furhdRvitCow that
section. The blade is rotated throughout a 90 degree

it caghgnqle. Rladg damparparermoblingas davigescio, actpratecaniel of airtlemis very

i VA 5 5L B AR RSB P, gy

large chinpeid &irflove versedcdntrohsigindl and éltb&fﬁ}/érwhefﬂpem whEetawake is
the_device ytilizeg a pitot tube flow sensor it is.

closg fq.fufly pe WPEPﬁar&ﬂﬁétilﬁwflatwmlﬁ@epenwe aadhisipaeipnyinately

usecﬁ*o?%ﬁ%%rc%n@!lilewm& sé/ég??ﬁ& al&Y¥Ac5ES nSQnfpofHhat €

control of airflowis

Another prior art device is the blade damper. There are numerous manufacturers of
blade dampers including but not limited to Titus of Richardson, Texas, Anemostat of
Carson, California, Krueger of Richardson, Texas, Tuttle & Bailey of Richardson, Texas,
and Price Industries of Suwanee, Georgia. This product is simply a cylindrical section of
sheet metal with a round blade on a shaft in the duct section. The blade is rotated
throughout a 90 degree arc to vary the flow in a duct. The damper in and of itself is not
pressure independent but a flow sensor can be mounted on the inlet and a simple controller
is used to maintain desired flow. Because the device utilizes a pitot tube flow sensor it is

limited in the turndown in flow that it can handle. Blade dampers are not linear devices so
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limted. When the device is noving fromfully closed

to open there is initially a relatively 20 |arge
wW@Ebasgesssa ai rfl ow versus control signal and tPer/us2005/003198

reverse happens when the valve is close to fully

open. This type of product if relatively inexpensive

and is predom nately used flor tenperature control

where speed and accuracy is not inportant. Another
accuhtb 8bntilordfAb&Ss 'vé:lgtlﬂﬁtéal. R0 I REAce id HRFvE M Em fully closed to

nunmer ous manufacturérs of bl ade danpers including %ut
opemthierd is mitizldly & celdtivielyslarge dRangeandgfiny VEssuasontrpisigrst artd the

of .25 Carson,. Cal.ifornia, Krueger .of. Ri chardson, .
reveihg HaBpers i anic ks Reosgio RilyitRhsDHs BpE RAARP R rgiatively
inexPehsiR: dnads! §fe?1b§1$na@é‘l?/ LBEOL RmpeRMNig icantrdiRifer® @ Ghd k&curacy is
sinply a cylindrical section of sheet nmetal with a
not mgppi@nk| ade on a shaft in the duct section. The bl ade

is I r . .

S L IR A SREB Bl Lo herea
numRfRS shin@ factuaes of wrht blide dampetsonclading dut aétinbigedmUTitue df

on the inlet and a ginple controller 30 is,Esed to

Richasdsenal sragednemestat of (rarspa.ealdermia, Krueger eERjghardson, Jexas, Tuttle
. ' i ) BeCe i e .

e BRI Yo kTSR, RO oM Ouct s

rectarigna seddioniof esees metDWAhGHYI6ipEddall P EunBAGshaNSIABe dact

accurate control of airflowis very |limted.  Wen.the
sectfi, | hengubehay bfgef 1 shprefinon ieiive of B gi: THE PRdrUve
rotafe@ithrofhot 8 90 Weplel UR 1% vaRy @6 afi8WIE aidic2iThE bRy fe Sotated
~control signal and the reverse happens when the valve
eith¢rgn glperadlel or dppioped mprngr. Tihgidempgpim and e ufgelf isqot pressure
.. relativel I nexpensi.ve_and j redon nat el e r
indcpfhl B/ oo, BPERA I A0Sy AR R olrollaTE il

maihtdRdekiaéd flowold dscedb videadtizesdpipa tatld fidw bér3oeit dalifaRédsin the
are al so known in the &{ai or art. There are nunerous

turngewin frdevitiat &t 9n handlp. Blededaraparpateqiof Hesag drvigesigtachgpte
bl T . 5 g
confpd B afiflobels g fmifla. WHH 18 BSRs BiEXAR: SORFAELBLedth open
therd itihitially & r8aiively lavge Ehanpaimdsdiow Texassonanbsigidl aad the reverse
I ndustries of Suwanee, CGeorgia. Thjs product is.a 10
happegg ﬁlﬁlPana?%"e‘étc R o fulpeer. Gaestd tledoarias pecbetter for
confPblaRSSpARI bEde @impbRf ts in the duct section. The
nunber of bl ades i s dependant upon the size of the

dudthe abbec-t¢sadberd priar art has numerous shortcomings. Both the VAV terminal

boxes and the Pneumavalve require a secondary device such as an airflow sensor to be
pressure independent. Further, the accuracy and turndown can be seriously limited which is
problematic in many applications.

The venturi valve does not use any means of measuring airflow, relying instead on
factory calibration and flow characterization to achieve its stated accuracy. In addition, the
venturi valve is a complicated device with numerous levers, springs and a cone that must
ride smoothly on a shaft for the accuracy to be maintained.

The Pneumavalve only operates on controlled pneumatic air. The product can not

operate on an electric signal. In order to use the Pneumavalve, air compressors must be
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rotated throughout a 90 degree arc to vary the airfl ow
in a duct. The blades are rotated either in a
w@anoabtabs or opposed manner. The danper in andpf/US2005/003198
itself is not pressure independent but a fl ow sensor
can be nounted on the inlet gand a controller is used
to 15 maintain desired flow If the device utilizes a
pitot tube flow sensor it is limted in the turndown
sup}{ylfbdfdncdlbrbjé@f ad welt & arh@eitie to Rleadrticl asmREter & Rnhét the electronic
I near devices so accurate control of airflowis very
confrokfignadito apraymatie sigddl ce is noving fromfully closed
ﬁ"ﬁergﬂ)?&?, n {)pﬁf fo 6\7%rdo%et tjh@ Ho\fexﬂer{t n@ﬁ g}fﬁ Muésais%cl&@&‘(l@tﬁ the
inarrt’low versus contro and the reverse
priohappie mth&:radtvhletagtﬂiuvm pmvxdle@sbvtoe thatlid desipmed to ﬂopmiseaﬂﬁcient
bl a d ers are better for 20 .control t.han
and iz %%‘ES% efior So0 SIbPA o xmquswlafs?mﬁﬁsla Walild also be
advéﬁi%%ﬁé% Fﬁrﬁ@iﬁ@ Sa1H iR floRThbashRene AV Sflf@ﬂei‘ﬁl the Q@%@@ ThlS gives
and the Pneumaval ve require a secondary devi ce such
the pnmdac'ptrpmsswesmondetnoe beer apreass'me@mﬂmlpegd dhwould also be
Furt her acy an be serious
sdvithgeoRnta il St n A B6 HETIOHARG epir R By eiions. The

resulti Yi6RhdediairfdWR1SLH§Sn B8th dfXBe SRYoNRADW SO miERSeateNBirndown
airflow, relying instead on factory calibration and

of flomothar herrvaatienal praduels and a arne kapeingn ffovs pagt ey B sengers. for
1mpaoé'\1/r?é:jgcc{1ratgﬁ Dérﬁﬁer(s) ﬁns&ltcg\re/ﬂerpé@l s\égndn% cén 89 gpéarbtgghggtrﬁgly for

gred®tShodulatitd cdormol Fustha@nit svonhbibe acfv@ntagétﬁls atthe dampers én bech
mai nt ai ned. The Pneurraval ve only operates on
airfloghieren wavpiethirsimed lawwn?ﬁ‘@tlag kgt Birbelgpeerpad theggfore less noise

t t he
o3P R RGLE  EoRlthl e At 0,

PCTt WS2Id(fs/ st Fii8Rer advauggrouetd punvwle prdesign whear femet vases will

an el ctric neu nvert { convert. t
coveuidRErgs of SHeet tan YAsY PR B darPE e Pafiae ventlaton
systy?ne(fe%fgﬁraﬁd Mﬂiu@trééférctlbﬁ)eé%‘{&rﬁ mld heruather fIVBRk &R % Frowde

ICUtIeS associated with the prior art, 1t wou

ver;béasa@mmsagm@dsfqr snpqcab\appilecaaowe\‘iudea ﬂh\ace $®uwelsa g dimply
e effi.ci ent

con%&:?ﬁdo veq gl’rlﬂlglu&l Pﬁgllow&g é)élft? ocprgylds rt]” r 1n rteased reliability and
dur#baty 29 |comb§red@cblﬂﬂ paio$ @rtbe

The present invention provides the foregoing and other advantages.
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advant ageous to provide built in airflow neasurenent

capabilities in the device. This gives the product
w@e@seuses | ndependence over a very w de airfl orCT/a881965/003198

It would al so be advantageous to for such a device to

divide the airflowinto sepgrate airflow sections. The

resulting increased airflow’velocity in each of the

sections allows a nmuch greater turndown 10 of flow

than conventi onagm[vp‘qut@F Fog AVRKEIGRM nar flow

past the flow sensors |n'prOV| ng accuracy. Danpers

in each airfl ow secti ons can be erated separately

f oifhe greemtemvmndmr@atbsm acrchltlr‘cﬂlve Rei &or, coptrolhmglagrtlgw in a

ventfiRA N ARER dhe blestil T GRIBE ha pRoyiRS RoprBlrohiyl cRifld:at:

contﬂﬂl%gilﬁl(ﬁf/Q{zevélﬁﬁzﬁldﬁ%/ﬁemand system ef fect as conpared
to a conventional prior art bla nper . 15

It woul
belsen Marrm!ﬁ embediggnbefithgprssent ﬂrbvemlwadau 15y dpper (fjor an

alrﬂw(ﬁ e\ﬁa@%& éerlsha% ?%@rb&gy\éﬁ g é)?&ﬂﬁ‘ﬁpénd and a distal

end. \Z&xat;ﬂdﬁtodyradaptyds teefit wiztkingn aaﬂdwpmmdanrt tOSei)iﬁ'Gﬂﬂla(HQCtlon of an

eSS S S B, 2R LRI e
on tlﬁ“cﬁg}a?erﬂedf'tﬁ@plﬁg BYiy ehéh ¥ERY dhpR Blades @BxﬁhﬂHﬁé SP1GAGh a

ve a m ni mum of noving parts to provide fo
respeative@arflew seefiomabi [ ity and 20 durability as conpared

to,the i or sent i nvention oVi
¢ opb s Santile Shbocit oS e Bl bt Ay S BEp Bl BifulbhiE the duct
sectiBF THt6'B1:6 AR{16Q 38 Bns SHSMMARNodSFskillidd ih MEINTWINipPietiate that the
present invention relates to a multi-valve danper. for
plugdwdy rmﬁyl bq«pglagﬁeel 1o ssmafate the dyetpestion lp&wthé‘%‘?ﬁr &fre FEdow sections,
w1thpr a?ne laﬁX F\Fédcgglrﬁl ?vl se@t'ioqlvelt%?esdlgtgf %rﬁismﬂgglﬂg baRY. hods
owin a ventilation te 51In
an l’I‘h& aﬂ‘ﬂlbﬁ segﬂlﬁhd In’(@]l:(i)anrlsé Bguap sezsiend. Howesot, Itlmmalrﬂaow sections
rrutl-va ve danmper for. an _airflow, du rovi
e heamsayal h%@eladlaz ap thsappliratiensgd éeVﬁfaﬁalf%ﬂeN @Wamiﬁaﬁ%?d
?%tgl'éast ﬁ{édalrﬂw“a%&%%pgey BYRRY §fledch of tHe MW &cﬁans for
irflow t and to separa }feasectlon of an airfl
conttblhng thetdarr@br bledssin thmsmqtlfvb eirflewctitioms Thavat leashone Sfmsor may

bl ades. may b t ed
comprlggp t least one of a Voyrtex?ype sensor, a pitot type sensor, a thermal type sensor, or

any other type of airflow sensor now known in the art or to be developed.

An actuator mechanism responsive to the sensors may be provided for opening and
closing the damper blades. The blades may be controlled so that they open and close
simultaneously or independently with one another. Alternatively, an actuator mechanism
may be associated with each damper blade. Each of the actuator mechanisms may be
responsive to the at least one airflow sensor in a respective airflow section for opening and
closing each damper blade independently. The actuator mechanisms may be either
electrically controlled or pneumatically controlled.

The proximal end of the plug body may have an aerodynamic shape that minimizes
the disruption of airflow into the airflow sections. The distal end of the plug body may

have a substantially flat shape.
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on the distal end of the plug body, each of the danper
bl ades controlling airflowin a 10 respective airflow
WGeemsnmse4 | N one exanpl e enbodi ment of the i nveait/US005/003198

the plug body may bifurcate the duct section into two

ai rflow sections. However, fghose skilled in the art

w || appreciate that the plug body may be adapted to

separate the duct section into three or nore airfl ow

seThé @arsiper Bladed naydbRi@ntdd udk thap eﬁﬂlcdmrfpef bladwceetitson

at the distal end of the plug hod 15 The airfl ow
respecsive pFHewPASHQowRA the d@aa%nbl%dédﬁ AlHsangigepgroximptsly 45

r )
degrBis i WsPET £ Wigicifl e e HIERURy. THCRREREL PacInay be
mouﬁtedlseasﬂlamheh dampérchiadeaotatas thlm)ylgln en pngle oflegbroxinetatin 4Hflegrees
rflow ectios or II|n he da bl ade

from iy alosr By Ppened: PGl i e pTaies PEBQE TBpHNed such
that S4cAAMpERYlad€ OBRS! 1§>Qe$tectll\%aa$1tﬂ0901§éc95n Fh¥R tHe&M¥ndp¥éPBlade is at an

sensor, a pitot type Sensor, a thermal type sensor, or
angIQ Gf arp;o:omamly 9§ degrods waith fespaot sembogitedinaliexivef thapludody. In

A t
suchpedhel ot SR Sap et iR FoTEREAMEM anlsotp
degradtrorf @) £18sddte fllaaRhe®! ades. The bl ades may be
controlled so that they open and cl ose sinultaneously

or Thﬁ dwéﬂ@tmtmgzy b town rrectangitlaresr oval tiderpinfloyeduet may be
d
R L

suitab&speesave to the at Ieast one a| rflow sensor in a
res ective airflow section f enl ng and cl osi rlg
ess duct

© QERSREANYANEGR May A9 FER g el eract s £ paghsd o pac
sﬂen@@n‘? 'ﬂ?ﬁ‘ﬁ Ié;gﬁg?q'[g¥mggdlﬁieflr§fr dthe ?}e@&{t 11‘1\%‘1’1{1513/ a¢ Rk AL Fﬁ)gnﬁzlil uend of

pneumat contro he proxi mal” end of p
the phoglpodyamay be perforatedr Behemample, atHegse thetpmoximiahemd ofetbe phigdody

may%ezgg tlt'lig%gl cg"fpe%]ﬂ{rgft%lloﬁal nt %91 PPa%f%IgEf]; l O%Ssi(i‘fhe pertsorate(? portion of

the pﬁi&’# bé adkedwithemserg MR MACRAIOFEBIR4, the inner walls of the duct
/O 3198 6 The darrper bl ades nay be nounted

section maytlmter’@aated Fanpeample.dheinopowals efithe duespritonmay be lined
with%#e?tfglbag%ﬂ(’io%%ﬁtgllpgtgb\fg @dlaon aqﬁ)%pg%ss Qna%%al 'n’?ayage p%@kém%t\?een the

perforated sheet metal and the inner walls.

The present invention also provides methods for controlling airflow in an airflow
duct corresponding to the multi-valve damper described above. An example method of the
invention comprises separating a section of an airflow duct into at least two airflow
sections, and providing a damper blade at the end of each of the airflow sections for
controlling airflow in each airflow section.

The method may further include providing at least one airflow sensor in each
airflow section for controlling the damper blades. An actuator mechanism responsive to the
sensors may be provided for opening and closing the damper blades simultaneously.
Alternatively, an actuator mechanism may be associated with each damper blade. Each

actuator mechanism may be responsive to the at least one airflow sensor in a respective



degrees with respect to a longitudinal axis of the
pl ug body. The danper bl ades may be nounted such that
weambs/odasper bl ade rotates through an angl e of PCT/US2005/003198
approximately 45 degrees 5 fromfully closed to fully
opened. Alternatively, the danper blades may be
mount ed such that each danper bl ade closes its
respective airflow section when the danper blade is at
airflow se@iv@l for ependpanddlonmiged tespédtide gamps bdeindgRRESyldT the
a_longitudinal axis of the plug body. In such an
othepdayppardladepodi nent, each danper bl ade may rotate
t hrough an angl e of 90 degrees fromfully closed to
fully opened. 10 The duct section may be round,
rectangul ar, or oval. The airflow duct may be
constructed of alum num gal vani zed steel, stainless
steel, fiberglass, plastic, or any other suitable
material. The present invention may al so be configured
to act as a packed or packless duct silencer. In an
exanpl e enbodi nent of the present invention, at |east
the proximl end of the plug body may be perforated.
For exanple, at |east the proximl end of the plug
body may be constructed of perforated sheet netal. In
addition, at |east the perforated portion of the plug
body may be packed with a fiberglass nmaterial.
Further, the inner walls of the duct section may be
perforated. For exanple, the inner walls of the duct
section may be lined wth perforated sheet netal. In
addition, a fiberglass material may be packed between
the perforated sheet netal and the inner walls. The
present invention also provides nethods for
controlling airflowin an airflow duct correspondi ng
to the multi-val ve danper descri bed above. An exanple
met hod of the 15 invention conprises separating a
section of an airflow duct into at |least two airflow
sections, and providing a danper blade at the end of
each of the airflow sections for <controlling airflow
in each airflow section. The nethod may further
i nclude providing at |east one airflow sensor in each
airflow section for controlling the danper bl ades. An
actuat or nmechani smresponsive to the 20 sensors nay
be provi ded for opening and cl osing the danper bl ades
si mul t aneousl y.
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Al ternatively, an actuator nmechani sm may be associ at ed

w th each danper blade. Each actuator nechani sm may
wheoosessensi ve to the at | east one airfl ow senBOT/USIV0E003198

respecti ve WO 2005/ 076864 PCT/ US2005/ 003198 7 airflow

section for opening and closing a respective danper

bl ade i ndependently of the other danper blades. WO

2005/ 076864 PCT/ US2005/ 003198 8 BRI EF DESCRI PTI ON OF

THE DRAW NGSBRIEF WESTSRIPTIONEDE TOIE PRAWNNGSI naf ter be
described in conjunction wth the appended draw ng

fi %%E) ese%ﬁ{/&ftlﬁglvggerﬁgfe? e?ﬂ&@es@ﬂ 1?1'0% Sﬂlg withlﬁ?e

el eme oWs an evatlon
appandedvdciiwiag figxasy tera nihike lrefenehcearﬁumé‘rels dEnquB dike ratements, and:

invention; Figure 2 shows a side elevation view of the

exanpl e enbodi nent shown in Figure 1; Figure 3 shows

a 12 F@ﬂ e YisB¥WOin i@ sﬁ%%mhﬁo@m’@%m@karﬁm%uoanﬁmlmhe
igure 4 shows an outlet side elevation view of

presélxtan’mnéloenbodl ment shown in 10 Figure 1; Figure 5
eevatlolrfl Vi ew 0 tern

xS E2 shibui itk ERy R Tt F athsiindle, S iR AR fp in Bigure

1; shows a side elevation view of the alter nate exanpl e
enmbodi nent shown in Fi t%ure 5; 15 Figure 7 shows an
outtigre 3jshows 7 Blanyiewobihe sxaraple smbagimany shayyrein Figure 1;

ST W of Bt PSR VED B P v
Figupé 1§ he present invention.

Figure 5 shows an inlet side elevation view of an alternate example embodiment of
the present invention;

Figure 6 shows a side elevation view of the alternate example embodiment shown
in Figure 5;

Figure 7 shows an outlet elevation view of an alternate example embodiment of the
present invention; and

Figure 8 shows a plan view of an alternate example embodiment of the present

invention.
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DESCRI PTI ON The ensui ng detail ed description provides
wezx@sprasy enbodi ments only, and is not i ntenPedusm05/003198

limt the scope, applicability, or configuration of

the invention. Rather, the gnsuing detailed

description of the exenplary enbodi nents will provide
those skilled in 5 the art with an enabling
description for i MYEMENERNDEICRS yment of the
invention. It shou e understood that various

changes may be nmade in the function and arrangenent of
el direrensuing tiétailked @Espaptidnrrgoﬁdmnehmlas’p iembbdiamtssadpend is not

imegedih T PEo R BRBIeREHE- 8F e S e AR A ERoR g the
ensfil®Wktailél ddsBistRn ok the e)énmarméhﬂ)bdﬂl%n\!’sewﬂmﬁfde flRse @Killed in

airflow duct is provided shown in Figure 2, the
the gt pithw enalling deasrimipndor mré@m@émgu agremibpdament gf theunyention. It

shm?lﬁ %t Iugcri]?r%t%bd hﬂ? vgljlgu% cﬁ{m \M;:ngasr b%%ad\éa}{l ¥hedl%Rgt q‘l.%l’l% arr%ngement of

oW requil remen pllcatlon

elerﬁkﬁﬂpﬁi‘thdstasieparﬁhgl obodly sgiit dd/dcdge af thpipventioh acsed fdrth in the
and a distal end 20. The plug body 16 is adapted to
aPP$f}C1le \R}aﬂfﬁﬁn an airflow duct and to separate a section

l;
2 o MM arfkaBiple tdiiCh Jrilpritent RBAGHR obih i Mgures 1-4,a
mulf6/atwydalbpentarnhadflow duheisdircmidtéd disdh@®n af Fighee Jlthigairflow duct
body .16, each e d s 26 controllin
mas RG] RO LU Pt SeHPT &8s Geics B whieh Thay Yy depending
on tﬁé mrf?@w SERNYRmehts %'f%a%%h@atﬁ%ﬂdTﬁe datrﬁ‘ﬁer %hygﬁﬁ%qi{bﬁgsw having a

ted within the duct section 22 such e )
prO)pmkﬁnﬂalS ik digtabénd He The alpeBody 166s adsptaddo & within ari airflow

iR barde s Eraparzd by Pes ity bl DhiS BHRRsons 24

(Figukee1 ) ue teasta®iol dathpéPbladdsn 6 ppb@induited bh eivé Gisat ez ¢fthe plug
I ncreases the velocity of the air flow ng through the

body 61 each e theglampsr blagescld contplliag agflow igw respeplvesiglqw section 24
mfepyLes 2 et | over veloct s hen cen norrell

COMy showafin il*ﬁgilrekalm&f 3,hhapleg bo@pisvitted witiif tlg:rdimt dction 22 such
thatftéaq?i\quo‘a%qq 68 o? ’Eh%splug tt]oedyl 1n6csrele)gr§1teeg thacI arlrf hg\%n\éelll auyﬂow duct in
the direction of Arrow A into separate airflow sections 24. Dividing the duct section 22
into separate airflow sections 24 increases the velocity of the air flowing through the duct
section 22, which enables airflow to be easily measured at much lower velocities than can
normally be measured. This enables airflow measurement and control of the damper blades
26 with much greater flow turndown rates. The increased airflow velocity from dividing
the airflow also makes the airflow more laminar so that the flow sensor(s) can be mounted
closer to the proximal end 18, as well as closer to the damper blades 26, keeping the overall
length of the device shorter than what would normally be required.

In the example embodiment of the invention shown in the Figures, the plug body 16

may bifurcate the duct section 22 into two airflow sections 24. Although Figure 1 shows

only two airflow sections 24 and Figure 4 shows only two damper blades 26, those skilled
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25 the airflow al so nakes the airflow nore | am nar so

that the flow sensor(s) can be nounted closer to the
w@emzionabs end 18, as well as closer to the danper/us2005/003198

bl ades 26, keeping the overall |ength of the device

shorter than what would nor{glly be required. In the

exanpl e enbodi nent of the invention shown in the

Fi gures, the plug body 16 may bifurcate the duct

in the ‘ﬁﬁ%lﬂ'ﬁf&%cia@ Baf tl‘i@ p Ig"tfo'd? W6 St beQidaptdd to Mphf@idiB duct section
ure shows two airflow sections 24 and

22 irgp guc@ommgm@mhmtl@lw@‘ld Witherdamnpse blade 86 in epehairflow section

24 o5 A PRI 001 ug body 16 may b

adTpt eflow se@vas a4 endyventbrict e@ﬁ@ teoamns &2sh|owtnon ther Biguies.
nore airflow sections 24, with a danp c%g%ln o
Howgxerh thei aiflogisesiensi Zdrmayaise e prgguah | 1§tsé¥|e @W&n g 8 thegpplication

and 1%91 AR w RnrdGesREd fﬁumels 1 QNG 1B a b SRS 58 may vary
4 the

sections as shown in e Figures. 5 However,
depeadmfglanvt/hsemihcmm 24 may al so be unequal in si ze

de dl n g/ese'ag Lzhgﬁlg}} l?qq%rog{(]ifg llb?a(li‘lﬁ) ftl‘aalaalfl oawectlons 24
for c%ﬁﬁ'@)l'hﬁ@ %@ésp@@iﬁvé’ r¥per BERBH 6. Mhe QR 1dabiCon@RBAJ0S 28 'nﬁﬂ' cofflprise at
| east one airfl ow sensor 28 may be provided in each fp

leasttdme oéuarvbrtowtmcscmsonsl mwt tyipe isersontar thetmanh gypetsensor, or any other

S ve d at | east
typefg ﬁﬁgw CSSWF %Bng %{n thia ]élgg{es-oli lbofw an exoarn%pcfe glgl%gcp 1812ht of the
pres&ft iRntioR hiVih@bnd ¥PRove SEHOF 28 i dable ﬁﬁﬂbwtsycnfbnmnﬁlyhres@f and 6
any other type of airflow sensor known in the art.

shovrpyy altergate c3ampls wrdndiseat b eng i sy sensprsyidn ea%%léf}ﬂw
secth\Qﬁnt' on having one airflow sensor 28 in each airflow
secCtion 24. Figures 5 and 6 show an alternate exanple
e maadicrrandr thechamgmt3@aesgionfivew theagflow seBsors2&mah be provided
airflow section, 24,

for opening qad glosing dhndemper Bl 28 FLBHSS 2 eﬁ%ﬂ) e %?ng’r gsghanism
30 nizaglgcr(]) 4§§é QQqﬁ?@g aﬁd/@ﬁl'nﬂ&ﬁ% he beRRE 'Ehebda%b%§ biafed drldHA Reuator

The actuator chanism 30 nmay conpri se
mot@re(args imummin therdcagtor3R). bBtewkepet hl@d@ba%ﬁmay b¢ edtgrlled so

that 8 Ben Ancipec her Rmvyat byt Sis e’ RfesndFbiot one
anotfé&. Figures 2 and 4 show an example embodiment having a single actuator mechanism
30 controlling two damper blades 26. Alternatively, an actuator mechanism 30 may be
associated with each damper blade 26 as shown in the example embodiment of Figure 7. In
such an embodiment as shown in Figure 7, each of the actuator mechanisms 30 may be
responsive to the at least one airflow sensor 28 in a respective airflow section 24 for
opening and closing a respective damper blade 26 independently of the other damper
blades. The actuator mechanism(s) 30 may be either electrically controlled or
pneumatically controlled.

Further, the damper blades 26 may be controlled such that they open and close in
the same direction. By providing separate dampers for each airflow section, they can each
be opened away from the airflow, unlike a single blade damper where one side opens into

the airflow and the other side opens away from the airflow.
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that they open and cl ose either sinmultaneously wth

one anot her or independently of one 20 anot her.
wor@anaseL and 4 show an exanpl e enbodi ment harETySM05/003198

singl e actuator mechanism 30 controlling two danper

bl ades 26. Alternatively, agjactuator mechani sm 30 may

be associated with each danper blade 26 as shown in

t he exanpl e enbodi ment of Figure 7. In such an

emMipi®iinaPéndSBOMthé PluEibgdy €6 maydRAce aﬁ’ﬁeﬁ)ﬂ?ﬁaﬁﬁ& ¥RhiPfoil type
mechani sms 30 may be responsive to the at 1east one.
shapg; whirlp inianzesthogisiuption pEaiplaw (shewaibyfAwow deint Fignare3) into the

s 01, L0 G SERESH 1 TS, 0
shapec Wl&hlollle d‘ijmn;lmrbilailﬁi 26 ar:'&(fulllylaypéme theei dall’nlifci:fj Blalezest Ztﬂ'h@tﬁil;il%ftﬁ the

. t 0 neunatically control led. Further, e
airfeiL3hper my &@é@e pliekayy b ag y%h_aquéal Qqtk therupatreamagd dpupstream
side@Mthi€ £i98 BofhNessigressSRMoplhd LR td rlﬁfi‘se sticeRhGY¥ 'isdl'eﬁbgﬂow turbulence.

separate danpers for each airflow section, they can
eadhe dampbeblages2édnamneeymbuged suvh thatrehtlodamparlbildde 24 fully closes
. ingle blade d er.e one sid ens int he .
ts P AR A ot I Apeniads, AR apeele of sbproximately
45 dejfctd AWvh rd¥pe 10 2/16hER8haPix]{ Va2 Q'Q}?é@é)géc%ﬁl@ 3 sHRh in F igure 3.
y e

roxi ml end 18 of the plug bod ave an

Furtper; thgydemmiee bledesad6rmay be mppated sechpbaigack Hamperi bladesds rotages

oI S N S8 OB
operiddepopitio () qQthgretdre By spead &f Bespoieting tivablade bhndbdintdabpethe

When the danper bl ades 26 are fully open, the danper
presgitipvention i Btien astlastena tepieal prigr art shglsdladadamper trenigh myst

[ j stream and
rota%g%m%g %?gg%éé@%gd%@mﬁ?%&éie@g& ﬁlél?%ﬁfsg@'s pressure drop
andn he skernativeexsinpleentbodineerit of theggedehtinventidnuds@heen in Figure
The danper des, 26 mmy . be unt ed .such that each .
8, thh AABR BRdes 2630 bf Pguatk Sicd Thatear L daybieh blAsk 26 nipgloses it

resp8@f/ela@flodAsebliin24 BRelBdBREMpEY BG Zisa? afhndd oPAPrExiffately 90
approximately 45 degrees wth respect to a

degreesmyith mesperiito atangitudiod! axiisel pf thg phugijody6l6. Issush@wremibediment,
I gur , 0 Further. .th amper bl ad 6 be
the g Blrdin 2Pkt Miored i, BT BRD aam B Tadsa CBte s trmpeh on
angladf 00 dtgred franRrfaNy sltal postond® ty £R8lyfdpenedpdsitidn)C.
cl osed position Bto a full o ]

The Figures show the plug body 16 fitted within a round duct section 22. However,
those skilled in the art will appreciate that the duct section 22 may be round, rectangular, or
oval, and the plug body 16 may be shaped accordingly to fit within a round, rectangular, or
oval duct section 22. The airflow duct may be constructed of aluminum, galvanized steel,
stainless steel, fiberglass, plastic, or any other suitable material.

The damper blades 26 may be flat blades which are shaped to fit the respective
airflow sections 24 so that, when fully closed, the damper blades fully cut off the airflow
through each airflow section. For example, in a round section of duct, the damper blades

for each section may comprise a half-round disc. Similarly, in a square duct section, the

damper blades may be square or rectangular as required to fit the airflow sections.



opened position C. Therefore, the speed of response in
a two bl ade enbodi nent of the present invention is

WO M0se7@e4 f ast as a typical prior art single bbames2005003198
danmper, which nust rotate through 90 degrees from
fully opened to fully closegy 15 In an alternative
exanpl e enbodi nent of the present invention as shown
in Figure 8, the danper blades 26 may be nounted such

t hathe@2&sBntcav&RIon PhaaA8s 26 édnhgurealt@ga%s latpackddesipRekibsstiuct
alrflgafgectlon 24 when the danp bIadeF§6 is g? an

silengayThivrandgmeesnpiished py gomgd@gerr e‘eaéls Wi the dustssstion 22 with
perflglor?,ge(?ll thgg{l rﬁé’ﬂxl o?‘ éljrak?x{égr tthE ﬁh% b%g§gg%¥1t &‘ﬁ%erforx]atgéll Q%C?Hleh?ll

noun
Perfolutdd @aethnetanip Qﬁe(blfoﬁde samdrabt@bing cﬁxbﬁ@esgtn :ﬁﬂexaﬁﬁ)lcaﬂgb@ilment
of 90 degrees froma _ fully closed positjon

of the presenbBX AP IR ShE WD M Biguiee 2 fegsht p@mswlteﬁé 1§|0l§ ghe plug body
tad

16 }%O%er}(ﬁaﬁéﬁshgs gwsiﬁmbleg af %h‘ﬁ ‘I?]tééj;g?%nﬁ? ‘éfldi gg Sr?grg péug body 16 may

be cbhsttucteldenf’ qufbramlcsheﬂnnaé’l headditeon;, atueakt thegeerfonajed portionof the

d | ug. 1 b d I
plug 5t 16T b pcked Bt MebesMAIRTAL TRe S Tueat wil
appreBfatd B8t (R entiB @Il Bddy QW rdiChe dBRYtriRRed OMNSdrforfb® Shelf metal and
al um num gal vani zed steel, 25 stainless steel,

packqdb@ﬁlgthafé)ergdasasmatmal cﬁurﬁlny insten avalls 36 (Bighes Gymf drd dilct section

2 TR SRR B AR St 1.

For tkdhple Whe inktivalls 36 656 du&tfsectdﬁlmlerhaﬁbadﬁai with lpyrfﬁﬂated sheet
off the airflow through each airflow section.

metgly lngsidition, p fibergdashmatesial man bepagkedibetwasa %ﬁ%&raﬂsﬂa@e@gmetal
andfgﬂ:{ “ﬁ RPalgej%tdque g@cys&%ggr hhse a hal f-round disc.
ar

I'n"a square duct section, the 30 danper
bl ddresﬁbamlads paskjngamatedial mag bangpd far stasdaré qupplgend exhiingt

the airflow sections. 2005/.076864 PCT/ US2005/.003198
appheatippstofrawidp petiersamd ﬁom)n thaosapde égﬁr@ﬁw%ﬂweé&md
she&%é‘al%ﬁﬁx‘éeﬁo%nﬁ%ha %?&u%hcz?tio‘n@ rlﬁ@ f)ack-ﬁtg Ra@ARl 8 fot

acconpl i shed by lining I nner wal t he duct section
recop@nenidet] as gendyobezbmd cohteminatest with aat@mhatermktm drommthehiond:

bo 16, put of perf.or sheet neta Per.f,or a e

habtoCi B bR pE IR BLisnar Py G Rltpasous
methéUsaind 8 pdrius f&%ﬁﬁblﬂﬁﬁ? birflbwlih @ sedtRa®TanlaifleRtduen as

shown in Figure 8 east the proximal end 18 of the
pl Jytheuely the invention has been described in connectlon with various illustrated

embodiments, numerous modifications and adaptations may be made thereto without

departing from the spirit and scope of the invention as set forth in the claims.



16 have perforations 34. For exanple, at |least the
proxi mal end 18 of the plug body 16 nmay be
w@onshordaset ed of perforated sheet netal. |n addpeT/082008003198
| east the perforated portion of the plug body 16 may
be packed with a fiberglassjgmaterial. Those skilled in
the art will appreciate that the entire plug body 16
may be constructed of perforated sheet netal and
Whapaalt@chediis:h t he fiberglass material. Further, inner
walls 36 (Figure 6) of the duct section 22 may have
perforations (Pot shoqwn) simlar to the perforations
1~A§w1%fva@ﬁé*amparg %aaelrﬁewd%w@mmre, the inner walls
364 BluglddRy Bebihg 264 &t MY AStal drideAd Wik Sle PRI JeBhlEH
sheet ne?al. ?n addition, a fiberglass material "may
sectibe opackiefdovh dustarto at astgwofanflavesgcednset nmetal and the
i nner |1s. 36 of the duct secti 22.. Fhe fiberqgl ass
oatiary P Barieraded Sl ah Skl A AT ARG E R of
said @xdipetrBlades RphttlBag SRSow 0 PrRpedioe BRilbRIse&wANd
absorption than can be achieved with the perforated
sheet netal alone. For fune hood exhaust applications,
2. A PRk AIIRES iltAllaik? | Wlereihecommended as it may
becOnme contam nated with particulate matter fromthe
hosrdd phig telde bifdroatesshid dapiseetboramedtwtahatfldvhsecppes ent
i nvention provides advant ageous nethods and appar at us
for controlling airflowin a section of an airfl ow
3. Addfber iflabbugltetiith dimventlRReiRas been described in
connection with various illustrated enbodinents,
nusrd aulsastbde pirfawisestona sempdsepicael sasosay be made
thereto without 5 departing fromthe spirit and scope
of the invention as set forth in the clains. WO
4. A 200pE0RGEHdRCEMIAB2ANN 00BARE colnprisiiat is cl ai med i s:
1. Anmulti-valve danper for an ajrflow ducgt, ) )
cofgF#sS PRgRIro W sensObBRRCIh AT TR IE LY 8sGtivRp s sanispiging said
damBirbidtle if Wl EdcAHRRIAD Qosgparate a  section of an
Irflow duct rnto at least two airflow sections; at
| east two danper bl ades nmounted on said distal end of

sai d plug bqdy, egch .of ai d danper bl ades
5. A SR P e T BU T 4 FREHBEL T Ve atr il ow section.
said at least one sensor comprises at least one of a vortex type sensor, a pitot type

sensor, or a thermal type sensor.

6. A damper in accordance with claim 4, further comprising;:
an actuator mechanism responsive to said sensors for opening and closing said at

least two damper blades simultaneously.

7. A damper in accordance with claim 4, further comprising:

an actuator mechanism associated with each damper blade, each of said actuator
mechanisms being responsive to said at least one airflow sensor in a respective airflow
section for opening and closing a respective damper blade independently of other damper

blades.



2. A danmper in accordance with claim1, wherein: said
pl ug body bifurcates said duct section into two
wa@ewbbmweesecti ons. 3. A danper in accordance RE1/1S2005/003198

claim1, wherein: said at |east two airflow sections

conpri se equal sections. A danper in accordance

with claiml, further conpr SI ng: at |east one airflow

sensor in each of said airflow sections for

controlling said danper blade in said respective

airflow section. 5. A danper in accordance with claim
8.Aéampmene¢dmrdaslaé drithtcldimalg twheredn:sensor corrpri ses at

S EbPOR Gl 50§ RLFAL Plve Ry binoerodhafic Shape Whish minimizes th

disru ﬁ&%f’ﬁﬁﬁﬁv Witd Shi@ hidfiow 4ectfons t her conprising: an
ctuat or nechani sm responsive to said sensors for

openi ng and cI oSsi ng said at |east two danper blades

9. A énrlr]%%trlga&%l# Wt& i,\admalgﬁﬁg i.n accordance with claim

t¥%at or nechani sm
as@ariistaPehddilshidgAeH bSBNMRRIa sabatiiall§aRi sitipesai d

actuator mechani sns being responsive to said at |east
one airflow sensor in a respective airflow section

d bl ad
0. {00 RPN SyagpRict v Setper blade

PCEEA(LER@@&)’U@EES'L&& of ¥éuidl, rdétaj@ntae,rorlonalaccor dance with
claim1, wherein: said proximl end of said plug body
has an aerodynam c shape which mnimzes the

1. AR QtoMlandd G QM Grgahl 21 71| ow sections. 9. A

I n accordance wth aim 1, wherein: said
di sicddanepel biddes aednqinteyl dwokl yhaly a&:halamms blade ckésyitsfiestective
airﬂqimh g&gp'ﬁ :w:l'lgh séoi\d %%%grrblwe 1%%% an gnagrl]g Sf a\tgptr(pmma?elly 451 degrees with

respect to a longitudinal axis of said plug body.

12. A damper in accordance with claim 1, wherein:
said damper blades are mounted such that each damper blade rotates through an

angle of approximately 45 degrees from fully closed to fully opened.

13. A damper in accordance with claim 1, wherein:
said damper blades are mounted such that each damper blade rotates through an

angle of approximately 90 degrees from fully closed to fully opened.

14. A damper in accordance with claim 1, further comprising:
at least one electrically controlled actuator for opening and closing said damper
blades.

15. A damper in accordance with claim 1, further comprising:
at least one pneumatically controlled actuator for opening and closing said damper
blades.



sai d duct section is one of round, rectangular, or

oval. 11. A danper in accordance with claim1,
wowmeseiase4 sai d danper bl ades are nounted such REEUS®ORD3198

danper bl ade closes its respective airflow section

when sai d danper bl ade is at angl e of approxi mately

45 degrees with respect to a’longitudinal axis of

said plug body. 12. A danper in accordance with claim

1, wherein: said danper bl ades are nounted such that

each danper bl ade rotates through an angle of
l@ppdanperan etoprdiicewithedsmf I, ohefa:l y cl osed to fully

d d th clai. .
oher Sihairiiy fudianbahRaf 6k & il e B yeel s
st glabadeplhgiat es through an angle of
approxT mately 90 degrees fromfully closed to fully

opened. 14. A darrper in accordance with claim1,

K SRR B b ol et i cal 1y

or ‘opéni ng %ind cl osing said

darT'pﬁhher xbhwsdﬁ”:the dict sé\ctﬁbﬁmﬂfperfdﬂata@cor dance with claim
1, further conprising: at |east one pneunatically
controlled actuator for opening and closing said

19250@%5%&11 Q@c%?dan}ép“%ﬂga i 70842 eF’&:T / US2005/ 003198 15

anper i1 n accordance Wlt claim1, wherein: said
ai r f inaer waitst ofitbe dwrt s¢ation tasallinefd wutiepﬂforaﬂed whewtmetal.
gal vani zed steel, stainless steel, fiberglass, or
plastic. 17. A danper in accordance with claim1,

19 a8hPer in h%?&an\é@lvdltﬁ Mim! 13 whefein: Section are
per f orat ed. A danper in accordance with claim1,

wher ﬁh¢rglmmmatemal iss)adfedtlh‘évmdhe peséarated shees metal @nd the inner
W%hgh perforated sheet netal.

20. A damper in accordance with claim 1, wherein:

at least the proximal end of the plug body is perforated.

21. A damper in accordance with claim 1, wherein:
at least the proximal end of the plug body is constructed of perforated sheet metal;
and

at least a perforated portion of the plug body is packed with a fiberglass material.

22. A method for controlling airflow in an airflow duct, comprising:
separating a section of an airflow duct into at least two airflow sections;
providing a damper blade at the end of each of said airflow sections for controlling

airflow in each airflow section.

23. A method in accordance with claim 22, wherein:

said duct section is bifurcated into two airflow sections.



19. A danper in accordance with claim 18, wherein: a

fiberglass nmaterial is packed between the perforated
webmen7aset al and the inner walls. 20. A danpepC1/mS2005/003198

accordance with claim11, wherein: at |east the

proxi mal end of the plug bodyj¢s perforated. 21. A

danper in accordance with claim1, wherein: at |east

the proximl end of the plug body is constructed of

2pex hpttaddeid asdeincowtifl claime?R) vierdigast a perforat ed
portion of the plug body is packed with a fiberglass
mat ef3igpt lea%ﬁwoAlrﬂ%‘ﬁ’ﬁé‘é?loﬂ]éﬁo@ﬁﬁﬁer%ﬂula] segtiens f Il ow i n an
ai rflow duct, conprising: separating a section of an
airflow duct into at | east two airfl ow sections;
2prowiethadgnaccadpee withadsma22 tﬁhﬂleeﬁdmpﬁsiﬁgcch of said
airflow(gectlonsfor tﬁ)ntrolllng ow. i h each

ai r f PRYidRg 2t Lgast opszair %?%B@nleﬁc}be}cﬁf AR §getigng fogicntrolling

s@d datP& AY in SRk e PeStveSBGlowosclisn Pi furcated into two
airfl ow sections. 2005/ 076864 PCT/ US2005/ 003198 16

24. A nethod in accor dance with claim?22, wherein:
l.east two al fl ow ons conprise equal
28 el 15 35LortalRe M st P Sl R e o ol i m 22,
furt bed acleam bhé kéi@or nPtised Ndet ohEeH vARRRK tRbd JehSW¥, a pitot type
sensor in each of said airflow sections for

SeaePr: PHR fhiegal typg senekinper bl ade in said respective
airflow section. 26. A nethod in accordance with claim
25, wherein: said at | east one sensor conprises at

27.efantetlniddn aécoadanoe iveth dlaime2 5s Grder corpidiagt type
sensor, . or a thermal type sensor. 27. A nmethad in
accoPWXiiRg 4 %qﬁuwramﬁhéslsmfremqa@we {3RiS pesiserg for opening and closing

said damper blades simultaneously.

28. A method in accordance with claim 25, further comprising:

providing an actuator mechanism associated with each damper blade, each of said
actuator mechanisms being responsive to said at least one airflow sensor in a respective
airflow section for opening and closing a respective damper blade independently of other

damper blades.

29. A method in accordance with claim 22, wherein:
said duct section is separated by a plug body having an aerodynamically shaped

proximal end which minimizes the disruption of airflow into said airflow sections.

30. A method in accordance with claim 22, wherein:
said duct section is separated by a plug body having a substantially flat shaped
distal end.

31. A method in accordance with claim 22, wherein:

said duct section is one of round, rectangular, or oval.



provi ding an actuator mechani smresponsive to said
sensors for opening and closing said danper bl ades
weremsht@aneousl y. 28. A nethod in accordance w pdT/TEB0FHV03198
25, further conprising: providing an actuator
mechani sm associ ated with each, danper bl ade, each of
said actuator nechani sns bei ng responsive to said at
| east one airflow sensor in a respective airflow
section for opening and closing a respective danper
bl ade i ndependently of other danper blades. 29. A
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secti o |s s ated b ody, havi n n . )
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met hod i n accordance with claim?22, wherein:

reaéqﬂtm&qngsteémamm@fsg@nduebw by a plug body having a
substantially flat shaped distal end. 31. A nethod in
accordance with claim 22, wherein: said duct section
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en said nper I's at ar angl e of
approxi mately 45 degrees with respect to a

| opgi tudj nal axis of. s ug body. 33. A nethod in
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t hrough an angl e of approximately 45 gegrees from
atgle of auprosieutan 99 deirgesisemdelly dascddo Rebnersirs
accordance with claim 22, wherein: said danper bl ades
are nounted such that each danper bl ade rotates

35 hA ewtglodin accordance with claim 22, further comprising:
providing at least one electrically controlled actuator for opening and closing said

damper blades.

36. A method in accordance with claim 22, further comprising:
providing at least one pneumatically controlled actuator for opening and closing

said damper blades.

37. A method in accordance with claim 22, wherein:
said airflow duct is constructed of one of aluminum, galvanized steel, stainless

steel, fiberglass, or plastic.

38. A method in accordance with claim 22, wherein:

inner walls of the duct section are perforated.

39. A method in accordance with claim 22, wherein:

inner walls of the duct section are lined with perforated sheet metal.



angl e of approximately 90 degrees fromfully closed to

fully opened. 35. A nethod in accordance with claim
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- electrically controlled actuator for opening and

closing said danper blades. 36. A nethod in

accordance with claim 22, further conprising:

provi ding at | east one pneumatically controlled

actuator for opening and closing said danper bl ades.

37. A nmethod in accordance wi.ith claim 22, wherein:
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perforated. 39. A nethod in accordance with claim 22,

wherein: inner walls of the duct section are |ined
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mat eri al between the perforated sheet netal and the

inner walls. 41. A nmethod in accordance with claim
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and at least a perforated portion of the plug body is

pac kasdeast 4 perforhict) pogloasd theapleg bady is packed with a fiberglass material.



