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1 MUILTI-VALVE DAMPER FOR CONTROLLI NG Al RFLOW AND
METHOD FOR CONTROLLI NG Al RFLOW BACKGROUND OF THE

I NVENTI ON The present invention relates to an airflow
danper for controlling the flowof air in 5 a
ventilation system |In particular, the present
invention relates to a nulti-val ve danper which

di vides a section of an airflow duct into at |least two
airflow sections, with a danper bl ade or val ve
provided for controlling the airflowin each of the

ai % i S i1 response to sensors in each
se = | OB ONTROLEING ATRK;

é:.()WAND METHOD
corresponding metEaE

A o AIBRATOW low in a
ventilation system 10 Alr dellvery and d| stribution

systems are used g gpy RIS oM SNEI NN onNd cool i ng
requirenents in rﬁ‘ﬁﬂﬁnﬁmm@structures
These systems typ| caIIy consist of a variety of types
and s lges of direct air_to

from varioTat nggré{qnor ﬁ‘gyes %‘l an ?lgfjod‘{e Res L epriag the flow of air in

averdtllawnsystamh gattidutir Bt Prebént afehticH x%iaYes G& H brhu®i-vARE damper
Hlat the airflow _in the ductwork. rflow control
gﬁg’ ‘Sﬁsé‘tslegl’?nl of ap?ﬁﬂ@‘é[lquyt igtorat jeagt tgygtauﬁywaqctlons with a damper

ﬁﬁﬂ@&tﬁwe%réédm%nﬂlhﬁéﬁgé’ S Ef&cgqyth%%uglgw 8 ons%

by airflow sensors 1nt uct wor
reeponge (o sgrsorsintdach S@HOmr'Fhe\paésmH imentbn also phﬁrldee ntbmerspondmg

f tur b x Controls Corporation of
%@{h s fo %ngré)? o iha FGEH’% ™y al ves utilize a

duct Aﬂ(déhﬂ:lﬁy buid dlhtﬁbﬁh(&tp@s@ﬁls AroAsed Wriheat r%% v¥#IMfon, and cooling
utilizes a cone which rides  on a shaft. e shaft is

LeAPLCRGIEs 1p6esade§16p arxpg cREpIeH 2t eiHEs aFhese M{emgypwally consist of a
CRREITR b ds AndBIZE & AR w e EUISH éfhtnﬁ@d {%If %Wf{f)ﬁ&@d’&h? fotations. It

of changes in static pressure int
jsglegigableqn snah aiflost fststhsttobogde tit ®cimtely pmaod attcbregulate the airflow

t 0" er
AR LA TPRP SR o0 sl 8 3B
ddngpet bovalvd) wh&chtigy 5Pednbgll €Dhyeail dvl@nsétd in hbguehafit, to

maintain its pressure independence. The val ve does not
di rectt %P“ﬁ%aggf agt deyiigeris i ventypitvalve; such gs thelviepiusitvelvei n

hARIFARAGEPY PRYGIx OHARSOESpBRiBh 81 ABRn! MG 0Eid. SSuch venturi

valves utilize a duct section in the shape of a venturi. The valve utilizes a cone which rides
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 cither 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 valve can be nodul ated using either
a pneurmatic or electric actuator. Because of speed and
reliability, pneumatic actuation is the preferred
method in critical applications such as | aboratories.
Anot her exanple of a prior art valve nmechanismis the
Pneunaval ve manufactured by Tek-Air Systens |Inc. of
Danbury, Connecticut. The Pne@raval ve utilizes a
series of 30 EPDM ( Et hyl ene- Propyl ene-Di ene Mononer)

dders that are surrounded by sheet netal 2 and
SrCrpRcH PRSI iBly o e icgymetel e st signal inflates the
ﬁra&&rpﬁ th&e Qe Rbtri ﬁ AR fl‘i‘?ifci #gﬁ/e &b gg'l%ﬁ&fa&gre'ﬂl}?oﬁn either

restrict” airflowin a hi's va ve can be
{Gﬁﬂaﬁ@ﬂll pegalfffmmd@tdebidnmimﬂe]iemag st €el apphcauon The valve is not
d steel/ num ng.on t
BRI S Sh R Gl PR RE PRt Byl itnam pngow sensor in
ondeherp db gesstura Iildieﬁ&rﬁibmb'fhél&ﬂde ddes AW eBE hih Wir§ Bindf response to a
alrfL gW‘zen or order to be pressure independent.
4 ff&f%tg gepdetve fhnuss uaalv%?‘v contpd applrcegwn%e valve has

Viftually #ARbviak p&&gﬂﬁl thé@ﬁk@@c)ddtrelﬁabﬂﬁg gvé’rqh'l\{e? The Rrallv'fé gTri Shly

airfl'ow control applications. The v virt
PRST quvs,mg;plmmagc amj:rqlllfté pisf b cangoaerate bleatbinidally. over

time. Epﬁ erate u31n
cont rolreq art pl%?f] c%rﬁ% ot e &3 IDEL SYRICH} 13 & %ﬁﬁ@?@( b’%luAne (VAV)
‘ﬁﬂnﬂlﬂéfoxem b rmineeou@ frmailﬁfaaﬁlterﬁi aNPAN ®psinelBoxss Acluding but not

bl 10 term.nal box. There are
Jg ﬁﬁﬁﬁf“%ﬁ{%a%r §xa5t Ageiostal oA fealdermian Kruggernef
lbiéharﬂﬂil, Thiadl T@fle E’éBaIleS/lé? Rhalds Gl Al 480 Bnd Fx?&%%dustrles of Suwanee,

Anenpst at of Carson, California, Krueger
Gpargiar AIGRY termingd boTistsimply & CBhlldlwl geftii ofsheegostal with a round

C { f.Su
@%@a&ear S?ﬁgﬁa'l? [Hb ocﬁlcl %gtg(ﬁlnp&?]g glage 18 ro‘c}%@e@%@fgrlglgoggfl ?g ﬁe%@e arc to vary
thb e imetiatt. Whe dampar aud ofbﬂsaﬁe N pssiif@iidepdndé fbudalﬂ&w sensor
secti The Dbl tate thrnghout a 90 deg
i3 Fpicelly prgpptegon; Ginlq a1 # Aol FHE urdip g}ﬂll}tﬁn deired flow.
Bécalide 384 device utlizedd it AR ﬂoﬂ&j&lﬁ%}%@ tlmﬁiéﬁ itthelt@down in flow that
sensor is typically nmounted on the inlet and a smpfl1
i Whﬂadlle‘#laﬁ% dmmxs 1g npblincandeviete s peurdte owtrol Begtlnseis very
t W _sens
Erlrﬂl‘?n%d? %Jeﬁ (?heu#ledteégﬁlg@lm% on% 1f’u|tllg q[s%cl(ljl 0 opeft nléeée is H%lﬁl&ﬁ%a relatively
lBigadbanga nrparﬂma wersﬂmctontrbrﬁg’ral alglihe S/efise hagsnk &hen the valve is

[aaa]

c‘fc?sre]t ! Ioully open. 3! hflé t(%ve Iofs proguc% is relatively inexpensive and is predominately
used for temperature control where speed and accuracy is not important.

Another prior art device is the blade damper. There are mumerous 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 handlc. 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

change in airflow versus control signal and the

reverse happens when the valve is close to fully

open. This type of product is relatively inexpensive

and is predomnately wused for tenperature contro

where speed and accuracy is not inportant. Another

prior art device is the bl ade 3danper. There are

numer ous manufacturers of bl ade danpers including but
not limted to Titus of Richardson, Texas, Anenost at
#eurste confrebef aidflom is yeryilimitedr Whge rthetﬁevrqec;hmpu@g from fully closed to
JFhaRere T4hid aﬁy%r@ e?’l e cﬁh&%@ﬁq %ﬁﬁ?é@tro?ﬁ%al and the

rice I ndustries
Kiversé bamoenwhmmﬂ (Ydlve Msemmﬁxb]& opsinélélﬁs ypt piodmttlhremtlvely

sh uct secti The b] ade
PS40 207 R Bmiony s er Rutpid Pt N pemand sccuracy i
ﬁ&@mpMMma duct. The danper in and of itself is not
press |nde endent but a flow sensor can be nounted
on t K PI?%F%P hiendpagylichbladedamenest replsgdmpwn ipsihg prier art. There are

b
st et QORI AR e ey o

hgrdsag, Teveas, Anerpestat hﬁﬁdﬂsen, Mlifateiad KnpeesofRiehandson, Texas, Tuttle

ki Vi S rate.contr of aifflow | .
Ve]%l\?l@? ofdﬁtch%r%g‘% g‘ﬁxats dlse élédl,]s e 8 Fﬁ\am}ereo qreyay his product is a
Itebtasgﬂartsectumpﬁ‘ RBhdeld Bfceal nsthinfilfipla blade@mbentad by Slafis hdthe @uct
chang in a rfI versus control signal and the

e Jbe RYBpE; Wi is pendantyipon shect RS thasiel [Tihg b&ﬂéeﬁare

 rbbitel thiREhA Q%Qfeéﬂcﬁ afcBb Y MBE Yirfl S SXPERR ] MR s b rotgted

predom nately used for tenperature control where spee

g aeoardle) ol epposedrpanniendde damper IQapﬂbsﬁld:BeEhad@ pagssure
ers.are a n,t
Gk ol 25 TR 3 B e o
Ida'maﬁr desirad o] ]f@lehl&@ncﬁ Qtilikdsni gieenibe fTbint s¢6s0@fit is limited in the
har ds Texas st of Carson, California,
Wﬁ@@’& rm ﬂf’Wﬁ&“’é ﬁtaﬁaaéelﬂﬁ %ffsdammf& qrenotdinga dayipenso accurate
JBhGHIAIfARABw i C%FTimiRAIWRE B deDRE S b %ﬁfos it p?@ﬁ)@e(% to open

CGeorgia, This product is a 10 rectangu
thefa & Infiially e rwfatlwimmq qhargcin acrégwmms echitn sighalfang therreverse

Ha eng RJ‘%-ten IR o e 1@ cﬁl@%&ﬁtﬂ%ﬁf{% p% 3@3’@? Iélgmpglp %pecL wér for
control than parallel blade dampers.

The above-described prior 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

paral |l el or opposed nmanner. The danper in and of

itself is not pressure independent but a fl ow sensor

can be nounted on the inlet and a controller is used

to 15 maintain desired flow If the device utilizes a
pitot tube flow sensor it is limted in the turndown

in flowthat it can handl e. Bl4de danpers are not

i near devices so accurate control of airflowis very
lim¢ted. Wien the device is noving fromfully closed
sePnisd A apriect as well as o elpgtiic (o prenmeatiy ednyetterrty comisrnlgeelectronic
' it k. | signal and the reverse
Egﬂﬁgﬁg&aﬁgﬁi?ﬁgﬁﬁgﬁggﬁ?s close to fully open. Opposed

bl alkderafamepiaragderte ovxetdnes the efor@femiontd dilffidubtics apatatddetith the

A a .. The above-descri bed. prior art has ) i
RBET VR B adiriBE B Eh o MongR i s ribncd3 payice eftcion
amtirelibisle Bifowmwaluletion 8iHgletha SQHMSIuARI CRtr8UEwARd also be
an airflow sensor to be pressure independent.

P RgroustaBroxtde utlelp arflaviaeasasmsnemalibitiesdn thadsiige. This gives
tHePré Rt pRiseR ihdepeRiARE g@ta'\fég} @iﬂ%ﬂﬁo@@%ﬁéﬁuoﬁﬂfﬁls@@e
Thé venturi val ve does not use any neans measuri ng
adveptagopus iefoy isveh 4 deyiassgel dvide theeirow intaképaraa aicffovasedtions. The

FABEIBEAEL GG AR50 SR IR R s BEER RS o
aefiowe ehanictiventiomal erislubie wad 5 mos@laidiels M-8t 16O AGwishors for

nmust _ride snoothly on a shaft for the accuracy to be
FRTAYIRE AsyracyniRamppas Hesrsh dallow sctiope sa keopsrpted separately for

ElRRkeF Abi@eHA@AIBL Fartidr! it whllfl Y VMG SaF ﬁ%tdamsbgrs in each
operate on an electric signal. In ord%r to use the
Hpy movea it the snme disetins creating loss turbulefice sndtbbrietinte less noise

0 l,,as an el.ectri.c t eumat i c
80 SurRRel ol R P BhTRL R R St gnar 10
a pneltimmuldbesitifirfatther itemefpeae, to ipfovaddidesigd vkes AR valves will
I es associated with the

t he aforenentigned difficult o
GBS VI TOTEE ORBEAT A A hb 58 oL SN RS, auking ventiation
derehtdesighahd pfodd8SeRBEsh RicPTPWHAR beifiif: S8 antageous to provide
very fast response speeds for critical applications. Such a device should be very simply
constructed and have a minimum of moving parts to provide for increased reliability and

durability as compared to the prior art.

Embodiments of the present invention provide the foregoing and other advantages.




5 and reliable airflow nodul ati on, using either
el ectric or pneumatic control. It would al so be
advant ageous to provide built in airflow nmeasurenment
capabilities in the device. This gives the product
pressure independence over a very w de airflow range.
It would al so be advantageous to for such a device to
divide the airflow into separate airflow sections. The
resulting increased airflow vefocity in each of the
sections allows a nmuch greater turndown 10 of flow
t han conventi onal Sy AR EE m{jgmnar flow
past the flow senso%—l‘mmr acy. Danpers
in each airflow sections can be operated separately
for Gmbadismeniipdthenrewsnt insentiopirelaRue o hant-vilve doupat fire

: a I ow s
%@ﬂﬁ@iﬁmg’rﬁgeﬁﬁlﬁgc | o%e%% rga |dr:%réleflt8§ g Be prose ’h‘&eé‘gon also
aroideeresmonding enmhdds ifca-e:onmﬁiﬂng yisflemired {etilatias system

conpated t a co vepti ona grl or art, bl ade danper.
It woul FoBEad 7 et Pﬁé’Fcté’ mrasgablagermanﬁhﬁm mgoalded a
e}aﬁmgﬂv&\/aaﬁperff@fvﬁralmhz\/cﬁﬁt %anmﬁg\éqﬂugbwydﬁhng %riﬂ&lﬁlfal end

airflo t han VAV boxes or bl ade npers,
oaht st prgh said pligdediadaptad te sutepd @m@ta ssetlcemf ian nu'ﬂow duct to

§&ﬁi'a% said &udfOdthidn Bito hukd gﬁ{o AAYAD %e%ggxf Wend zﬁ 18% O?”oﬁcgzmper

very f ast response spee or critlica
Bladés moweed @’esaschdlsﬂabbdde)f\md ylugi byl yeack ofmd am;ed bhadék
nmum of nmovi n parts tO rovi de

c%\éIr%élg §eaérmogv inare ﬁpe?tilve ovv2s6c%(ﬂ1r P11 elxﬁmaéz eg@ﬁﬂlg}eé\a of the
inveitivg, fheiphig Bidly mdpHReiafeRE Gudlsedtdn itb @S8Rk low \é&fﬁbh@ n
%ow de t he foregaing and ot her advantages. 5 SUMVA

wert thraeratledip thessaritanpreciste thatdhoplug bedy mmobmdamcd to
§t§f)|a?akethte Qud@ sBlohlifty %g@oﬂﬂg%%rﬂogzré n%t?o%gt\{/(ﬁ% L1 dﬂ'gpe;(r blade in cach

airflowin a ventilation system
piridaye pectipmgtethe distal ahcbmfth@plugﬂ)déy cor r espondi ng mst hods
airflowin a ventilati

f
aggo??anarcngeﬁo\m %%“%“%’P?Ys‘i‘ma%‘ﬁsmu pectipps. @’§}é/ & airtlow Sections

may elRb be tnedubke Aepending bﬁ‘t’h%@li@ﬁtmm&hﬂ levﬁpdf\é?rﬂgmﬁﬁ'olf&gnred
an ai rf ow duct, conprising: a plug body having a

pr oxi frbieast aae aizfley senspranay beemawdgféubeash afthe eiflow degsioas for
¢htrBNIg e AfRS Blafe FARE FPeBlve A SELHBW FHCH 1da$t one sensor may

comprise at least one of a vortex type 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




separate said duct section into at |least two airfl ow
sections; and at |east two danper bl ades nounted on
said distal end of said plug body, each of said danper
bl ades 10 controlling airflowin a respective airflow
section. In one exanple enbodi nent of the invention,
the plug body nmay bifurcate the duct section into two
airflow sections. However, those skilled in the art
wi |l appreciate that the plug fwody may be adapted to
separate the duct section into three or nore airfl ow
sections, with a danper blade in each airflow section
Eepersvedd dreal leasione pirflpve spisoyinpoypecti® ditfvasecfidrofur opening

' Lise ual sections. However, the .
B b R Yo PR S Uit BB gmibe cther
tleetringdl donadll@rorapneurh&ically oéntallefil ow control desired.
At le?ﬁt one irJI sensor, may be provided in_each of _
the alhtpgnmalead offhe plye bognmey hRYSAR aerrdyBaimsshans thefeninimizes
the disheptioR VP BEHOW $ntd kil diwS QLSRN Thelflfaindl of BRI p1PGody may
sensor nay conprise at |east one of a vortex type
haisagubstentslly Set shopre sensor, a thermal type sensor, or
20 any -other type of airflow sensor now known in the
art or to be devel oped. An actuator nechani sm
responsive to the sensors may be provided for opening
and cl osing the danper bl ades. The bl ades nay be
controlled so that they open and close sinultaneously
or independently with one another. Alternatively, an
actuator nmechanism my be associated with each danper
bl ade. Each of the actuator mechani sns may be 5a
responsive to the at |east one airflow sensor ‘in a
respective airflow section for opening and closing
each danper bl ade i ndependently. The actuator
mechani sms nay be either electrically controlled or
pneumatically controlled. The proximal end of the plug
body may have an aerodynam c shape that mnimzes 5
the disruption of airflowinto the airflow sections.
The distal end of the plug body nay have a
substantially flat shape. 6
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The danper bl ades may be nounted such that each danper
bl ade closes its respective airflow section when the
danper blade is at an angle of approxinmately 45
degrees with respect to a longitudinal axis of the

pl ug body. The danper bl ades may be 5 nounted such

t hat each danper bl ade rotates through an angl e of
approximately 45 degrees fromfully closed to fully
opened. Alternatively, the danger bl ades may be
nount ed such that each danper bl ade closes its
respective airflow section when the danper bl ade is at
an angle of approximately 90 degrees with respect to

a | ongj ' 1S.0f the - h.a .
‘exa n’p_?téé e %o glhhrrgér?t I?Iajé{é%ﬁmﬁrg% g‘%h g‘%%%%‘f&f}’p?eg&ﬁ?eeaoses its
tdspastighaisiivva sglion efhed theldangegbledsis b @rankW dNapplorirdell as

fulh%ﬁﬁ'ened. The duct sgctio may be round

pe&ﬁ Iggpectdp a ougitudipghaxis ?tpth% ug hedy. ,E)y d’B}@per blades may be
£R08Ed M ! ' |
hakht @hchAd iPeP HiAte AR AEH 81?%}12@& ofs eﬁ)ltp?%)ﬁ#gl%ﬁz 45 degrees

steel , fiberglass, plastic, or any
Frandpilnslosedip Slrenened. dfltcrtagvely abe dampanbées may baynounted such

foh.gur a.packed or ckl ess .
B QoSBT AR B Ao RS R Mo P BR LoPE e s v an
ampleeoft " dppmx?mttelb/@gsiegﬁebﬁwitb r@}iédm a R::ﬂgiuﬂ:findl Eﬁis I tE ﬂh@b’ol dy. In
may be perforated. For exanple, at |east the proxim
b a8 Pl SmPodmontugachpmper Rlpdnm i temiaienreiosd0
adpeet fioll flly clofed@dully Openedt | east the perforated
portion of the plug body may be packed with a
fi berbrest seatien may be myngdpsetangulas, or qyak Thealrflew dictirhay be

' : f . For._ex I the.inner

et i, BAYREAIR) Sint G0 ol APRefi, bASial, B0y ot
petablomstedl.sheet netal. In addition, a fiberglass

mat er al  m e acked between th erforated sheet

ot a1 EaRa TRt e Vet n iy Ao B Ak s a packed or
FRRleftwRsHIREEerOin dnRaRPRIBINodinfEBE the Bresé i €hntish, at least the
provided a nethod for controlling airflow in an

RiprimabeRdrfche plus hpdy sxar §e perferoted; Foy cxamplacat brsstthe proximal end of
] ' i cflow duct fo

S RRRAEAT RS SR 10kt ol HUEI Dl & g

pedfotatetportiqr afithe plug badyl anay de phikad evidta fitheglassdnaérigd @ hther, the

of sai.d ajrflow sections for controlli irflow jn
1§réeé'ﬁvagis P? %g\ﬁugtesgftilway Be perg)ratece I%or exampqg, tﬁe 1rnner walls of the duct
section may be lined with perforated sheet metal. In addition, a fiberglass material may be

packed between the perforated sheet metal and the inner walls.

In accordance with a second aspect of the present invention, there is provided a

| method for controlling airflow in an airflow duct, comprising: providing a plug body

extending across a section of an airflow duct for separating the duct section 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.



6a The nethod may further include providing at | east
one airflow sensor in each airflow section for
controlling the danper bl ades. An actuator nmechani sm
responsive to the sensors may be provided for opening
and cl osing the danper bl ades sinultaneously. 5
Alternatively, an actuator nechani sm may be associ at ed
wi th each danper bl ade. Each actuator nechani sm may
be responsive to the at | east gne airflow sensor in a
respective 7 airflow section for opening and cl osing
a respective danper bl ade independently of the other
danper bl ades. 8 BRIEF DESCRI PTI ON OF THE DRAMVNGS

Th her.
T oY TR0 e SRS HEF e RS LIS

winfove Beﬂ:tlbn K& coatfrelliag de dathiper Blhdesdgh aét@athi iﬁ@c@hﬁﬁ‘ﬁﬁ&rﬁmswe to the

and: qur e 1(%? WS an |nlei side elevation view of
ASER Hf}‘f‘éf | 8 PERBY PREDHIE AR & OSBIgﬁh%éaémefu hdensimghaneously.
Biltgtab@vely, 30 QbMaRdr fclRnBneMal boRs¥bigidd Hfithlddeh &3@{9&’ bfde. Each
enbodi ment shown in Figure "~ 1; Figure 3 sho pl an
yteatprgnechpaismyaghercmebeide trethe aslnepnng airflkivgsaneorlin a respective
Figure 4 shows an outl et side elevation view of the
exanpl e enbodi nent shown in 10 Figure 1; Figure 5
shows an inlet side elevation view of an alternate
exanpl e enbodi nent of the present invention; Figure 6
shows a side elevation view of the alternate exanple
enbodi nent - shown in Figure 5; 15 Figure 7 shows an
outlet elevation view of an alternate exanple
enbodi nent of the



present invention; and Figure 8 shows a plan view of
an al ternate exanpl e enbodi nent of the present
invention. 9 DETAILED DESCRI PTI ON The ensui ng
detai |l ed description provides exenplary enbodi nents
only, and is not intended to limt the scope,
applicability, or configuration of the invention.
Rat her, the ensuing detailed description of the
exenpl ary enbodi nents will proyide those skilled in 5
the art with an enabling description for inplenmenting
an_enbodi nent of the invention. It should be
avidew secsiod ferpening apddesiop angpsctiveyampertdatls indepeindently of the
] rrangenment of elenents wthout
ggggé?ﬁﬂﬁﬁpggﬁ1the spirit and scope of the invention
as set forth in the appended clains. In an exanple
enbodi ment of the present invention as shown in
Figures 1-4, a 10 nulti-val ve danper for an airfl ow
duct is provided. As shown in Figure 2, the airflow
duct .may have inlet section 12 and an outlet section
14, the size of which nmay vary depending on the
airflow requirenments of the application. The danper
has a plug body 16 having a proxinmal end 18 and a
distal end 20. The plug body 16 is adapted to fit
within an airflow duct and to separate a section 22
of an airflow duct into at |east two airflow sections
24 15 (Figure 1). At |least two danper bl ades 26 may be
mounted on the distal end 20 of the plug body 16,
each of the danper blades 26 controlling airflowin a
respective airflow section 24 (Figure 1). As shown in
Figures 2 and 3, the plug body is fitted within the
duct section 22 such that the proximal end 18 of the
pl ug body 16 separates the air flowing in the airfl ow
duct i’ 20 the ditection of ArTow A'into separate -
airflow sections 24. Dividing the duct section 22 into
separate airflow sections 24 increases the velocity of
the air flowi ng through the duct




10

15

section 22, which enables airflowto be easily
nmeasured at nmuch | ower velocities than can normally
be measured. This enabl es airfl ow nmeasurenent and
control of the danper blades 26 with nuch greater
flow turndown rates. The increased airflow velocity
fromdividing 25 the airflow al so nakes the airfl ow
nore |am nar so that the flow sensor(s) can be nounted
closer to the proximal end 18,8as well as closer to
t he danper bl ades 26, keeping the overall [Iength of
t he device shorter than mhat mould normal |y be
required. In R IE i PRAMENCIY ent | on
shown in the Flgures the plug body 16 may bifurcate
t he dike p@m ingpntivd wilthereinafitenbe ddscribesldan bmgmcuaﬂ with the
irflo tions
P e TR 1 Por Rt PonellibETerm g anc:

skill ed 10 |n the art will appreciate that the plug

body be ada separate the duct section
22 i ntl‘&“te"ﬁr wavg an H@‘F‘éld&l"? PO wiewtof ah sxapuple gmbodiment of the
prasRemvBh@de 26 in each airflow section 24 at the
distal end 20 of the plug body 16. The airfl ow
sect i Bgure24shawy a gidaplevationedeniiof feckimple eabodinewnstiown in Figure
{.he Figures. 5 However, the airflow sections 24 nay
al so be unequal in size, dependi ng on the application
and | Egmle 3ahowas b planwicvoof the kxdesle eabodifneht hewm i RBure 1;
si ze q alrf|0m18§§tlons 24 may vary depending on
t he alﬁ SPERan aytler side pleyationgyicy PBW@%@@&P emBodigignpiown in
g@&uded in each of the airflow sections 24 for

controlling the respective danper blades 26. The at
| eastFigye Ssbagsrn M-t sidy cleoatim Gew af an i rhaastanghecobodiment of
t‘ﬁQr%x%%‘enttm%nr? 1sor, a pitot type sensor, a thernal

sensor, or any ot her type of ai rfl ow sensor known
i n t gaett.shbwgasids clbv@iomhaew anthexiemhe ceisld cABodinteht shown
tgp gﬁesent i nvention having one airflow sensor 28 in
BA3Pr f1 ow section 24. Figures 5 and 6 show an
al t ermgde 7eKeWP Lo RRPAARAViRAYE ﬂﬂalk%t@éﬁ%%fé%mbodlment of the
sensors 28 in each airflow section 24 act uat or
nreeRbRveriospandesponsi ve to the airfl ow sensors 28 may

be p rI@éfdrg 8%hows a plan view of an alternate example embodiment of the present

mvention.
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for opening and cl osing the danper bl ades 26 (Figures
2 and 4). The actuator nechanism 30 nmay conprise
gears 31 and/or |inkage 32 between the danper bl ades
and an actuator notor (e.g., included within the
actuator 30). The danper bl ades 26 nmay be controlled.
so that they open and close either sinultaneously

wi th one anot her or independently of one 20 anot her.
Figures 2 and 4 show an exanple enbodi nent having a
singl e actuator mechanism 30 controlling two danper
bl ades 26. Alternatively, an actuator nmechani sm 30
maybe associ ated w L e h ede 26 as shown
in the exanpl e enbodlnent of Flgure 7. In such an

enbodj ure of the.actuator

roonaie B SRR ek Rinicd i Syidés RERPY b aRiRGys BHE and i not

mikanklbd v Iarin ﬂfersc@& applidabiBSp Gﬁédn‘ﬁguﬁhbﬁ bOne ﬁﬁeﬁtﬁ&ﬁ Réther, the
and cIOS|ng a respective danp bl ade

for. 25 o in
i AR TDro e TR EHy BRRprentsall pavidetibose skilled in
e bHAHH ad BEHAY RN HlioR Qoﬂ%lé?&nﬁh%?xf&gﬁ&ﬁ.ﬁaﬁt &F3hd %ﬁﬁennon It

controlled or pneunati cal contr rther,

Hherjsldre udaigiosd 86t warjoub ehangas mey be thadeitthe ﬁmbtxdnha;d ap@epement of
direction.

Qo AR Depdiy BRMGC I b o N Bento gy s o i the

qmmhhd&ﬁmh& opened away fromthe airflow, unlike a

singl bl ade ﬂ@f er mher one side opens into_ the

airf | G T odispent of thepresRt InVRAJion pyshopmdn Figures 1-4, a

BukiEv00 daiper f07 @n RIS WREt i§ Bﬁj)vi'd%d Ofs &E@anﬁ ﬁ%upe\gl)\% >%h%grﬂow duct

may have an aerodynamic or airf type s
rﬁﬂhh?ﬁeéé@t septéongl %mldmllouﬂetm%ctmrr f4 dw stztod whidhyma#yr vayyvdépending

dlﬁt(l}g égﬁ&g g!ilj.mjeﬁfeﬁ’cs Bgl%a asillr alioy @g@éﬁlﬁ& §P5‘-}$[H°§1P/|I§thavmg a
Hirbzitmal srhhtﬁsanthhﬂaltdné 2da111p£ps1ug :ag@egs Qad?ﬁ@il vﬁtﬂﬁ ki thPSairflow
e e alrr ol shape

h bl ades. 2 I
frkGORRRrgs §5<ios2 SERRr FAGY HUd ialp blcen "o pRIDH scctions 24
@RSke BRRY BAG tHE RS faé&é&ﬁes 6 LS bemsu%t&' 0 %@H&IEQI éxﬁiﬁo of the plug

pressure drop and Tess noise Since there Is |ess

hoémé; ek of theﬂn@p@ramm 26 contecdlimbairfloy iner respenti exkisfloohsection 24
% gpch danper blade 26 fully closes its respective

alr i section 24 when the danper blade 26 is at an

angl eAsoshowppm Bigureaednit 3, the plug body is fitted within the duct section 22 such

that the proximal end 18 of the plug body 16 separates the air flowing in the airflow 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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45 degrees with respect to a longitudinal axis L of
the plug body 16, as shown in Figure 3. 10 Further,

t he danper bl ades 26 nay be nounted such that each
danper bl ade 26 rotates through an angl e of
approximately 45 degrees froma fully closed position
Btoafully opened position C Therefore, the speed
of response in a two bl ade enbodi nent of the present
invention is twice as fast as1a typical prior art
singl e bl ade danper, which nmust rotate through 90
degrees fromfully opened to fully closed. 15 In an
&l %@ eriatil wepresiatenphag therheibovyrtt rody hehrelapieé geseparate the duct section

[ ' i, Fi e ..8 .the . bl ades 26 .
oD oS M S 4 SKn s BRARES seeoPpg o secton
4 otstbe distab end 20sqfabd pivg bady f4.ow section 24 when the

danper, bl.ade 26 .is %t an ang| e of approximately 90

degr erglg,e R FSEERSA? TRy SPIteg PR PEFAPn8 sBown &t the Fégures.
Bowgvdogly aitflow kettivHE N ARy aRE 84 bl in sIzQ,edeg‘p&Eeﬁ?ﬁér P glg application

bl ades 26 may be mpunted such that each da
lewsl of aistlovn ponitph desired J0urthey Ithee sie ohaaiflovesecfiomyRdamay vary

haehy; ition Bto a fully opened position C
Téhﬂg F‘P%h?g%q‘gﬁfg%‘%ﬁ'e plug body 16 fitted within a

r oundAtligast oseditllons@Ror 2omey b providediecask bf the dirflawtsb®ions 24

rt will reci ate . that e section 22 may be ‘
fo(x; l(jon f'olﬂugt@gﬁedmcgy? dgpperd{],a&@ géﬁl&elah a% 08 SHS %@awpnse at
kastvhapeilvartes aypd Radoy, 4 dﬁltcft ipe\bisl, A tRerf@HRfe sensor, or any other
rectanqul ar, or oval duct Section 22. Thé airflow

ye et s vhienewi@pvadn B a5t Fighuanil iushowoal sxamblesuhbodiadnt of the
et BivBRRASad ARE" - L3Sk [.an .her

Bl B ER haFing Phe g8 SRS Ry BEk o KoY HiRCs 5 and

Hloathmaaligiattexamplesindiodtndnd hiitihg twieairfeepeatdry 88 imtach hiflow

se&éigps 24 so that, when fully cl osed, the danper

pra es'fully cut off the airflow through each airfl ow

sect | A actirbr BEHETIER, 301 BsRNEi 94 HIthS Siefldw SerRbrs B8 Ghay Belfovided
anper bl ades, for _each section nay conprise a

B Ppening and clpsing thelampes plages 2 (Fagusep sl Quthe answntorancchanism
[ lar,as
A S Bpacd PR o Pl 2 R B SN B B gt
meipeteg-onclnded witlso thzeacoondri3gy Thd duapadilades 26 npadlkedn®slled so
cer..This .can.be acc

R B B 5B BBy of n
another. 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 1o 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 controlied.

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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perforated sheet netal and/or nmaking the plug body 16
out of perforated sheet netal. Perforated sheet netal
is used for its sound absorbing qualities. In an
exanpl e enbodi nent of the present invention as shown
in Figure 8, at l|least the proximal end 18 of the plug
body 16 have perforations 34. For exanple, at |east
the proximl end 18 of the plug body 16 may be :
constructed of perforated sheet netal. In addition, at
| east the perforated portion of the plug body 16 may
be packed with a fiberglass material. Those skilled in
t he afhe pipkimal gadi%ef the plughhady { 61 eaghbve & mmtgmbmd:wr]aﬁfoﬂ type

PRt B SRR G P PR PR EY (P by Sy A e 3 o e

maﬂldvs se&ﬁor@§24g The dﬁ;)al efd 20hef el plug%e@y 1 ®hag BaveBy subsiftially flat

not S lar to the perforations
e AV Bl O RerPaoutEs 50 el eataniie dmpribladsnab camples the
&iffol) fshatpla En kit th§ 9 'b@ﬂy 38 aff BN sbﬂgpcjd'ofﬁ%tmhts iy Q{%@fﬂ%ﬁtdggfnstream

sheet netal. dition, a fiberglass nat ri-a
Hdesphbik weﬁwflw@@wr@sserep@n Frddesdoiseeirce Hetais lesa lﬂdwtthié)ulence

. :022 E Irilr“]%@dr?a gf’iﬁlgﬁés 26“%@%] ﬁltélg Olﬁ%} Lep tﬂbaﬁ S%L &Fa&ysglrelﬁgea%béﬁlﬂy closes

¥iespestive aifjoiw mtwm% whan thb@lumﬁ& HgdetXris santhgle of approximately
th t he erforatedp

tlo t han ca eved
Eﬂi eFrE’t“ IPPEHR al %ﬂ? 8 féli Rgdtod 5694 asshewp fpsTigure 3.
FiithepalekdanghenBlagés ZEH mhPbéRbunttLGRAMBAALS, BSnget bl%é/% rotates

becone contam nated with particulate matter fromt
h ap angle o arprofamatsly b foah ﬁlﬁatCMShrépcpmtameE] o8 fully

6&ﬁ€&‘§dsﬁfbn Gf‘ﬂeg:?&e,?tﬁ é‘%?%‘é nse [RL D dos'bl atﬁ%gr 8t WP the

for contro ing air |n a s ron o
pessnt ingértivo egtwithas fasiae ntypienl bﬂSr dvegngld B&dé ldhﬁﬂer; Which must

connect i th v illustr odi nent s,

lﬁ% § (W§8ﬁ8§%$3@%$ %éiﬁﬂﬁnﬁ QYF@ﬁ%Pan be made

t her ahan witt@ikte cxafh@RAMYoAELdRE BFhE Fesc?rﬁ'lﬁw}&tléﬁ‘gs sho@R%n Figure
of t e invention as set forth in the clains.

pen blades o may %m@t@rbmb ithaft gachahn@ﬁr iblbéwﬁjﬁtﬂw closes its
I‘@Wﬁ\}esdu@%w %g@% ﬁggﬁthg g& b?ac%r TAL an angﬁia oF appr%mmately 90

di'stal en
degrees with respect to a longltudmal axis L of the plug body 16. In such an embodiment,

the damper blades 26 may be mounted such that each damper blade 26 rotates through an

-angle of 90 degrees from a fully closed position B to a fully opened position C.

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.




to extend across a section of an airflow duct to
separate said duct section into at least two airflow
sections; and at |east two danper bl ades nounted on
said distal end of said plug body, each of said

danper bl ades controlling airflowin a respective
airflow section. 2. A danper in accordance with cl aim
1, wherein: said plug body bifurcates said duct

section into two airflow sectiitens. 3. A danper in
accordance with claim1, wherein: said at |east two
airflow sections conprise equal sections. 4. A danper

i n aceébe prERRb invertipnanay sisabe danfighesd te avtas b packgd ompackless duct
; i in. each of .saj irflow .
SRRPlro 8 ot b AUenp R b Bl R B s B sl g i
pafpeted sheet mietal iolforsealtingthe plup. boly d GRREST PeffonLinheahesal.

iLth claim4, ereip: .said at | east one sensor )
ié%’%%’?ﬁeé 3@"%{“@?”@%&?@%?% 1§ PO%W%WE%EHW&I% efggexamgple embodiment
pil the brebytfl eneniiGDiis shofn dn FRRAFIBat LY RSHIRBIal erfdt 18 the plug body
ﬂﬁ er in accordance with claim4, further conprisin

ayergHeBionedh IAr e gblsast e nroxigwl endshefshspligbody 16 may
i ' i d_(a I. b] ades.
E’é’&ﬁb@&t@d“&k ﬁbﬁ%%%&eggﬁn%%lr fn Jdﬂﬂ%ﬁ N as{j l%%gﬁf%ra%ﬁ gPﬁ,‘on of the

si mul t aneou i'n accordance
Aug bodyt Hemay berpadksd mith adibesgliss anaperialeihoansisiiad in the art will

oci.aged.wi th eac anper hl ade, each of sa
ARSI mlichohe ST P TR SR p R Bentirdiel shesh etal and
weRedwith lRiteeylsRmdetia Fur@sD et WaISES (Higue éf&ftth@@uct section
eni ng. and cl osing a respective danper bl ade

i%olralqugw&mﬁoyﬂt@m Gohdovad ppelar 151 the perforgtions aferpligbody 16.
PG CRAABRC R Wirleh wal1@s b fthe H%ff‘ 5&fdn 2§.%a§r l:‘%\rl\lﬁ)éld TRt p%ﬁgra%cd sheet
said plug body has an aerodynam c Shape I'ch
metal. i Q@gﬁth e fiberplasp triatemiabmaybe packed bettvoers tic pedbrafed @hect metal
zﬁlﬁccflé H23r walls 36 of the duct section 22.

The fiberglass packing material may be used for standard supply and exhaust
applications to provide better sound absorption than can be achieved with the perforated
-sheet metal alone. For fume hood exhaust applications, the packing material is not
- recommended as it may become contaminated with particulate matter from the hood.

It should now be appreciated that the present invention provides advantageous
methods and apparatus for controlling airflow in a section of an airflow duct.

Although the invention has been described in connection 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.




14 9. A danper in accordance with claim1, wherein:
said distal end of said plug3body has a substantially
flat shape. 10. A danper in accordance with claim1,
wherein: said duct section is one of round,

Glédtv&ngul ar, or oval. 11. A danper in accordance with
claim1l, wherein: said danper bl ades are nounted such
that each danper bl ade closes its respective airflow
1s ecAirowiti-wake dempdr idnapeirfldy duat, conpatsingn angl e of

appro
ongi U Sy ting FHRfRI B dnd S35 pob sty ppoy poapted
texendiagross aEediion Ioéﬂnﬁmlowwem aepaaﬂectadiadqmésedmba&&s at

pm[g)nﬂ t each danper bl ade rotates
Iea‘!ll%roug ﬁgﬁ%gﬁﬁ% approxi mately 45 degrees from
fully ati%s@wotf:@n’fp&r bizdepmoauted onaaldédssialmm“oﬂsmd plug body,

a des

cBSEOF ARGl B cund UL R Bl P ARG £IAE

t hrough an angl e of approxi rrately 90 degrees from

21 Ul R cloBB ke robild VRSP, yndidy, A damper i

accor conprising: at |east
one eIS@étn'U%%ﬂdy)blfumtascﬂaimcaeeu@hcmltoft\m aiipenseujoand
closing said danper blades. 15. A danper in
accordance with claim1, further conprising: at |east
3oneA}§ﬁ6\9%P|&§é¢ﬂd§n@ﬁj|MI¢hdhine&i wigreiat or for openi ng and

cl osi ggd%ﬁlegstt tﬂ/@ 6wk§li@tﬂ)% coﬂn%rlséetg@ééggét%g.r i o

accordance w erel
adapted for use with an airflow duct which is

4C°n§§15h‘1§ﬁleiﬂ &k rdQﬁk,Feb\Mh @LWI Hherdd ?iglnéed steel ,

stainless Steel or plas 17. A danper
in acabeastene aiflow semwm dachufeaid anrﬂow sections

for controlling said damper blade in said respective airflow section.

5. A damper in accordance with claim 4, wherein:
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 simuitaneously.

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.

8. A damper in accordance with claim 1, wherein:
said proximal end of said plug body has an aerodynamic shape which

minimizes the disruption of airflow into said airflow sections.




sai d danper is adapted for use with a duct section
havi ng perforated inner waliygs. 15 18. A danper in
accordance with claim 1, wherein: said danper is
adapted for use with a duct section having inner walls
hi Ardaarrer in aredrdaintd witb cfaim dt wtleehreet nmetal . 19. A

F1 ber of 8 S Red R Ao Mg bt Bolla\loaiM 1T Bis Pgpat e

sheet netal and the inner walls. 20. A danper in

cc rd:éﬂfb% | ' r at | east the
1gr o% na in \égggprdt%hgéwrt&bla%jyﬁh? Berforat ed. 21. A
danper s#id dacissctiemisenaidf ounidaretctahgulaher eval: at | east
the proximal end of the plug body is constructed of
perforated sheet netal; and at | east a perforated
1por Aidampef intgoeorlence wabiytlalmmwbdmem with a fiberglass

mat er i lin irflo :
11 oo dafpet il 88 Sl Elid g e Bybpfiiote oles s
respeelive a@mu@ecism vihegesatid dampér taesis af doangla of apmroximately 45

. dé&r@@é %’[h P&EBHQQgH&ggIﬁBHal g)ﬁs a(i)d @L%%e st two airfl ow

sect1ons a darrper ¥ie end of each
of said airflow sections for control ling airflow in

120h Ak AcBSEbhAye? s TGGR, T, accor dance i th

claim wher ei lon i s bifurcated
into t9wd damﬁerd»lﬂmre@mntedzmch,@hat@ablmdannpeﬂmmﬁ cdatee

th‘%dd['ﬁ &1 g8 6% pmgt'eg/l 453(?écg?ee%tfrérﬁ &Y clodq A fuily opened.

sectl ons conprrse equ

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.

16. A damper in accordance with claim 1, wherein:
said damper is adapted for use with an airflow duct which is constructed of
one of aluminum, galvanized steel, stainless steel, fiberglass, or plastic.

17. A damper in accordance with claim 1, wherein:
said damper is adapted for use with a duct section having perforated inner
walls.



25. A nethod in accordance with claim22, further
conprising: providing at |leagt one airflow sensor in
each of said airflow sections for controlling said
danper blade in said respective airflow section. 26. A
met hod in accordance with claim?25, wherein: said at

l.east S ri.ses at |east one of a vortex
1tsypz\dsae séi’fg%%dpaﬁ‘?%tg"‘h?%émgew 8" or a thermal type
sensor saii@laniér isfadaptduddr ise witca ddetrseetion lidvirg) ianen s

ant her l.Si0g:. REQVI di ng an actuator nechani sm
V{hg@p%ﬁélp(\%dg\ﬁ?fgbégcﬁgteggsrqggirge?agr openi ng and cl osing
sai d danper bl ades sinultaneously. 28. A nethod in

ccqr - W | aj m fupther conprising:
18& ogi%ﬁ#&ggﬁ%@{%ﬁ%W'tﬁg%ﬂﬁs‘ﬁﬁ%{?@oci ated wth each
danper alfibexgdgss reatetial if pakid bamtceatios perarbiatishest rhetangnhd the
il RAf ive to said at | east one airflow sensor in a

respective airflow section for opening and closing a
respecti ve danper bl ade independently of other danper

| a : | rdance with claim22,
z\aherﬂgl%rr{l:péggll é(;““gﬁ?gg%‘éﬁéﬁ C%ﬁﬁqawg%rglnodynam cally shaped
pr oxi nal leagtdhevpioximal eid iofiheedug thoelyds perfigriedn of
airflowinto said airflow sections. 30. A nethod in

accordance with claim 22, wherein: said plug body has
2% shldempat insddcordahes with alawl 1divisérein: end.  31. A net hod

. . . | o i
soct oot 18 Mol o4 Bt E oSS I cori G o7 bergorateq
shegat msdialj andcaccor dance with claim 22, wherein: said

d . h . d I
el osesipd Shelober P HAER oPHE b okt 0 SER Wiayberilees
m@éari@br bl ade is at an angle of approximately 45

22. A method for controlling airflow in an airflow duct, comprising:

providing a plug body extending across a section of an airflow duct for
separating the duct section into at least two airflow sections;

providing a damper blade at the end of each of séid 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.

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

said at least two airflow sections comprise equal sections.

25. A method in accordance with claim 22, further comprising:
providing at least one airflow sensor in each of said airflow sections for
controlling said damper blade in said respective airflow section.

26. A method in accordance with claim 25, wherein:
said at least one sensor comprises at least one of a vortex type sensor, a

pitot type sensor, or a thermal type sensor.



degrees with respect to a longitudinal axis of said

pl ug body. 33. A nethod in aggcordance with claim 22,
wherei n: sai d danper bl ades are nmounted such that each
danper bl ade rotates through an angle of
approximately 45 degrees fromfully closed to fully

pe hod.in,_accer ce wth claim 22,
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. ance with claim22,
further conprising: providing at | east one
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steel, stainless steel, fiberglass, or plastic. 38. A
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31. A method in accordance with claim 22, wherein:
said duct section is one of round, rectangular, or oval.

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

said damper blades are mounted such that each damper blade closes its
respective airflow section when said damper biade is at an angle of approximately 45
degrees with respect to a longitudinal axis of said plug body. -

33. A method in accordance with claim 22, 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.

34. A method in accordance with claim 22, wherein:
said damper blades are mounted such that each damper blade rotates
through an angle of approximately 90 degrees from fully closed fo fully opened.

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

~ closing said damper blades.



inner walls. 41. A nethod in accordance with claim 22,
wherein: at |east the proximgl end of the plug body is
perforated. 42. A nmethod in accordance with claim 22,
wherein: at |east the proximal end of the plug body is
constructed of perforated sheet netal; and at |east a

erf, " i on of .t he. dy is packed with a
3§i b éﬁé@éggmpagc{gﬁtd%p%? \fvath cl%m? Izﬂ,gfurblﬁep/compriglng.
providing at least one pneumatically controlled actuator for opening and

closing said damper blades.

37. A method in accordance with claim 22, wherein:
said damper is adapted for use with an airflow duct which is constructed of

one of aluminum, galvanized steel, stainless steel, fiberglass, or plastic.

38. A method in accordance with claim 22, wherein;
said damper is adapted for use with a duct section having perforated inner
walls.

39. A method in accordance with claim 22, wherein:
said damper is adapted for use with a duct section having inner walls
‘which are lined with perforated sheet metal.

40. A method in accordance with claim 39, further comprising: ‘
packing a fiberglass material between the perforated sheet metal and the

inner walls.

41. A method in accordance with claim 22, wherein:
at least the proximal end -of the plug body is perforated.

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

at least the proximal end of the plug body is constructed of perforated
sheet metal;, and _

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



