; XYe3eSP\ " ~$67T6; .1 Z ~U . Q02 ° FUVE HOOD EXHAUST TERM NAL HAVI NG AN
ULTRASONI C MOTOR DRI VE ACTUATOR The present invention generally reJllﬂlt ?& L 95302
| aboratory fume hood installations, and particularly to exhaust terni l’s
that are used in such installations. Still nore particularly, the present
invention relates to fune hood exhaust term nals that have an ultrasonic
mot or driven actuator for controlling the position of a damper |

hood exhaust term nal. Fume hoods are provided in | aboratories ”Iwmlmymmw
toxic funes and gases in the air that are often produced during .
experimental work that is done in the laboratories. Generally, fume'*fétds

i nclude an enclosure with doors that can be opened vertically and/or
horizontally to enable technicians to gain access to the mte”dmwmmmmmm
fume hood for doing experinental work. The fume hoods gener al

exhaust duct provided to expel air and gaseous funes so that the {cad@r atory
technicians will not be exposed to them while working near the hood. Mbst
currently marketed fune hood controllers control the flow of air through
the funme hood and such controllers generally control the flow as a function
of the desired average face velocity of the effective opening of the fune
hood. The average face velocity is generally defined as the flow of air
into the funme hood per i91 J UL 2 002 2 square foot of open face area of
the funme hoods, with the size of the open face area being a function of the
position of the one or nore noveabl e doors that are provided on the front
of the funme hood. The average face velocity is determ ned by the operators
of the facility where t d , ref ore can be set
at a higher or |ower fag:g-ﬂ&ﬁrgl':(?{t3 E@{Eﬁﬁﬁhﬁé{@% H}&ﬁﬂﬁe operator's
sense of what is a saf eAMNIUlel NI MOTOR DREVEIACTMIATAR gy cost s.

Such average face velocities are generally in the range of 100 ro 1 SO feet
per mnute for each sq e e hpy ¢4 e S

in the area. Lower facg%\%epi(t)égie{ltl grgvé;i?t:dho %gﬁra‘er{gprfgé/gg giuﬁl?ldga%e iggégmﬁegnd

no activity instadla6ibhs,iand padtidulerly & exhdugt tdriHiRaloahst drossad iRbhenstAhtRIng0

vary in their design and operation. Sone installations have controllers

t hat cont r ol Stll nacriegiarticid pdgdthepresent anveahtion refptes faafumehoodfexhatstaemminadse
of nodul ati n%at he flow of air through the fune hood to provide the desired

aver age facethathavg ayultrasenis meter driven aatwatarfor gontzellingsheppsitionanfa damper

si ngl e bl ower ia’a ilgrrHDn exhaust, nanifold with a nunber of fune hoods
havi ng i ndi vl Bime hrgd&xhaustiemaliect ed to the manifold, with the flow of

[ h h h f d ,bej . Q| d hani h
3'?1%;? rechant m can bECRGIREd Sr 8RN G st GRT PR R Al o
acsi gnee hs Sie® BF BCRF it BrSWBH RSN Riin, briCua CRSIP IR 1 Bohd o BT

changed si ncigbbhftofies.ceretsliye Hume hodds dlcde@el ah rentlosutd SvilldeBis tHatRaf B e
many danper controlled applications which utilize a pneumatic actuator for

t he purpose afenedsivertivallycandier Haripentally tovehdbde dechhrcibhowo gfaimiaccedsr tou the
t he hood. Wil e such pneunatic actuators do operate reliably, there has
been a need inggriemottheciumehood for deing expaamentaltwerkor Theifemeihoods generally

cost-effective and reliahle in jtg operation. To that_ end, | _have devel oped
an el ect ri calavg afk sXhayst Wl Ao ided 40 GXPakAIE And gagsas fygics sqﬁhﬁpﬂwrlagpratory
Pat ent (Docket, 61589). ... 1 .~ JUL 2QQ2 Wiil.e rotary elecgtrjcal actuators
are known t ocHaREIansKillnatpe %P%Sag‘éttﬁ%’ﬂa‘i"i‘@%ﬁ%ﬁé‘é I}eﬁé&lée bgo need for a,

reliable, powerful andyiggtaehinthskeash thid HobcEdntidiierd bahttor b 4o of

use in funme hood exhau termn
through the fume hood and such controllers generally control the flow as a function

of the desired average face velocity of the effective opening of the fume hood. The

average face velocity is generally defined as the flow of air into the fume hood per



Accordingly, it is a primary object of the present invention to provide an
inmproved funme hood exhaust terminal having an el ectrical ultrasonii4 Tnoyer 2002
driven actuator for use in fume hood installations, as well as other
.applications, which actuator is reliable and conpact in design. Another

obj ect of the present invention is to provide such an inproved funme hood
exhaust term nal having an ultrasonic tor actuator which has rapid
operation to quickly change the danper position and thereby accurately
control the nodul ation of the flow through the fume hood during operation.
Still another object of the invention is to provide an inproyed fune hood
exhaust t er naiare foet ofonen fare areq efdhe fhmedandse with the iz 9 ﬁ"%&ﬁ%f%’ﬁ arpat

can be easily .nstalled as,a retrofit . for an existin neunat i c. danper, .and
wher et n the EERERJEREon BEHE R el Bre T reota o LrlIF FpUbaL gfprovidéd

because the i t evi Ly : ti

act uator canoBank ot 8F e AR Rl PHEK P ER NGy % WRERIRMTTY the

actuator. Ye £ ' Uy LSl

ol ativei y soRARRIBE ety Ghetdihelthitatods ME oD, nfd thcRirR tal H'he} B

pl aci ng the gaighef of lovierfaeé eeloetly pleatiis consisteanwith theepeeater’sisentd8f what is

circuitry is interrupted, thereby providing an energency fail safe

capabi |l ity. #safehvalueybneéyet sfnot hastefelsefidnergy eodts.oSucls average fadedeelacities are

i mproved funme hood exhaust term nal having a drive circuitry which is

uni que in itgenesallyyin thedargreehilGhbre biifegh permirutg doneach sqparesfoosiof ppaniavea
t he actuat or tor while mnimzin he possibility of damaging.the dtive
mot or by conVPfl itm@a%mpr@ﬁ@tdgttﬁ? amersﬁ‘?‘ﬁ%r %@%U&I%‘t‘?ﬁa%}%‘%ﬁw oyed
reached the end of i.ts travel in either direction.,. ....1 Z JUL QL02 4 Still
anot her obj e2YF 1§ Pflﬂga%}”l\ggﬁlp qcrtn\)'étpftlfg’ﬁc‘?g'qgompt?‘&f?ﬂ&t%m i nproved fune hood

exhaust term nal whi chgi =T AR ' ' . .
relatively | ow power cghéijn%éﬁhds?%,%ﬁn\g%% E’ géllé‘?s% a?ﬁ[}gb g?s&gfe?san‘?l %R%“e‘trlon'
obj ects and gehi@nhadREtiYAd ha RESSHIFOIRRP BiaR RontBPR vafiaBid §pedelUriwd f&%r‘i‘ﬁnﬁ a
detailed description, while referring to the attached draw ngs, in which:
FI GURE 1 is fansind¢orvoewhebuspdseraf modulatingahe tfldve ofiaiathrenglodye figmelood to
present invention, FIG 2 is a top viewtaken generally along the line 2-2
of FIG 1, apmbdvidd thetdesiredgveragepiace ¥atocityychhdreomre BlsG. many instaliaticns which

electrical schematjc djagramillustrati the ,
have a single bfotwer in'a common exhaust manifold with a number of fume hoods

having individual exhaust ducts connected to the manifold, with the flow of air
through each fume hood being controlled by a damper mechanism. The damper
mechanism can be located in a fume hood exhaust terminal generally of the type as
disclosed in my prior Patent 5,518,446, assigned to the same assignee as the present
invention (albeit that the assignee’s name has been changed since the patent issued).
As disclosed in my '446 patent, there are many damper controlled applications which
utilize a pneumatic actuator for the purpose of positioning the damper to modulate the
flow of air through the hood. While such pneumatic actuators do operate relfably,
there has been a need for an electrically driven linear actuator which is cost-effective
and reliable in its operation. To that end, I have developed an electrically driven

linear actuator which is disclosed in my prior Patent (Docket 61589).



preferred enbodi nent of the electrical circuitry that is used to detect
‘power failure and to drive the ultrasoni.c notor of the exhaust th'ﬁiM 2002
enbodyi ng the present invention. DETAILED DESCRI PTI ON Broadly stated, the
.present invention is directed to an inproved fune hood exhaust term nal

havi ng an el ectrical ultrasonic notor driven actuator for controlling the
angul ar position of a danper for nodulating the flow through the exhaust
duct of a fune hood. The desired flow through the exhaust duct is

determ ned by a fune hood controller that is not in and of itself a part of
the present invention. The present invention is directed to a fune hood
exhaust term nal havi ngVhile abtary rélectrical actuatons @rerdnowrd td \hawe sbeamused dod
control circuitry far driving the sane. Jug@?i ng now.to the draw n%s, and
par ti cul ar | ydFmper applicatigns,ndsee dsadsed (1r msnealiabie dpewertl gnck fast) gcting

%g’vi g an updef h S Rl RRAAPE R BBt PO SPaUBeTTRA Lt b 1| o
ATt goneral Ty i k- ORI, S a et JofiBe: dthe bty ventipartr Sibylde
duct segment,l&, 808 elSuRleH IR hYusRERh iR EaR/ig%ﬁﬁ'@féc mh@ésohﬁcugﬁi&% algwn

journaled in a polyneric low friction, preferably Teflon-type 41n
both the uppgituams foewne i@Nflime Mobll inbrIllatiehd, #xwelldisetticarapplidativhs,aWhich
apertures (not shown) in the tubular segnment 12. As an alternative to the
danper shaf tadt@atohiisrelbleand compacigin désggrdanper 20, there may be upper and
| ower cylindrical portions that extend fromnear, the periphery of the
danper 20, if desired. Anothe¢rabigct of the presens irvantioniisto provédessutht anamproeed
cylindrical portions are coextensive . along . an axis that passes t.%%%gh thde

center of thapaheed exhaushierpinal; haying anyirasepie motor ackyater whi rapi
d f ing. han,90. with el ' | 1 (FI G .3
Pei g pr ovi deebragopta cerxEnpnEt e arbbérhe it bad el biciatdy sbblyot o
reached. |t SROUIAidH GRHRNANIRIREATA: HIAL HoE dHiR lerkigl! Nal shown in
no be to a ISi-S ape

FIG 1 shoul Imted rigl anper as particularly
illustrated, but can bgtiisgtbthet bjeby of Ritammventi6n 18 bbrdidde @ imptavedrfume
construction which is controlled By pivoting a shaft that controls the
anount of fllwoed éxtewghteringnaldmyearg s electridad ultrasonioymetarf driverpactuator that can
disclosed in U S. Patent No. 4,155,289 issued to Garriss. It should also
be under st odee ehsily wtalded ne ageweBhfon an existing pneumatie daseperoand vebergin the

Const rict | oreasaFRIsE Head BPbbs FBNFS '5ABH FER G0 AL beLase e COBRob SEnal

i |l ed i h d ' . ily be i | | i

el o Tt AR ey pp PP TSP AR oP o B2 el BpfoL e
of the prese Ecmxéfﬂ[rh%lapié%&ogﬁéj{ﬁgﬁgnl nvention may be incorporated in

t he constructron o unmeé hoo e manufacturer of the funme hood. The
apparat us includes an Whﬁéﬁh@?c@@c%ﬂtﬁ&p&@&tfi%ntﬁin%ﬂﬂ aﬂr%v%?on fbrli@IaH%lar
wall 30 and a top plate 32. The enclosure 26 is supported by and attache
to '~ -~ sikpleeMtthcildrivabinduitry selgich has e bapabilityt of Hacingathe alagnper in a
attached by suitable attachnment neans, such as wel dnents, bolts, sheet

met al scr ewspreferrechpoditiar everifdhe power to theGircajtry ieinderripted; thepgbyapeaviting a
narrow top flange 36 that extends around the entire periphery of the

encl osure. Tan emergancyc@ilsade capabilityhat is suitable for attaching the top

plate 32 to the enclosuyre cre or the like.., The shaft,h 22 extend
war dl'y £ ough & e bAMAUhnRHIFCTSS U DieRe dRTon S RGNS fn FEDRYSRI N o

motor 8 1 < 94 ERURLRcliplll 1Bl FSe, oY A s UYL 1R Bestln ooF

preferably ng,gz@g{ i H p; TeIn i bnizi
conpany of 30 a%éa}%mn} e no lgllrl Esf%&gﬁé% On;r!eflﬁlXEt er t@‘??‘éﬁ%ﬁ@%‘%@gg’@# @E@&zglrgd
has a 100 rpﬁﬁb%silﬂsmly%ﬁmna B lth@rios ititbr b caHfin®ingGo vk th8 nisioe ehen
The notor driver is also manutfactured by Shinsei and 1's Model D2060. The
nmot or dri verthéZchwatoameghanaishrehaoteachédthetend alfitsitrave] in@ithbedirsetion.o adj ust
the operating speed of the notor. Referring again to FIG 1, the apparatus
i ncl udes hol | ow tubes 54 and




56 which are positioned on opposite sides of an annular flange 58, with the
‘tubes extending to a transmitter 60 which feeds information relaf] fgjtb palill
differential pressure across the flange 58 back to the fume hood
_controller. The controller uses this information to determ ne the proper
air flow through the segnent 12. The manner in which the flowis nmeasured

t hrough the segnent 12 is not consi deredi to be a part of the present

i nvention, although it is understood that many of such exhaust term nals
often have this capability. It should al so be understood that the flow of
air through the exhaust can be nmeasured upstream or downstream of the

tubul ar duct segnent 138tilramothemobjeot oftheipBesedt intvenition! ik s pratide anhimmproved
circuitry that is enployed in the preferred enbodi nent of the present

i nvention, 2fumg |m9d&whéusxé@mmgahwgméns quiet in its gpgrafignoand which has ayglatieely
at lines 62 ich connect to a power supply 64 and to the coil 66 of a
relay 68. Th %Mﬁrws?mt@&kgl%tgﬁﬁﬁll{; %’%P‘HrtBYH‘Wes a 12 volts direct

current (VDC) out put } IS C ia li 70 tg a capacitaor bank,72
and to the drive rmquMetl)tj’g? oébeﬁ%]%ﬁé&gaﬁgéesf‘&@ﬁﬁ%c% PRYS5H BBﬂ?fS‘PCBBgKPSr
causi ng cl oclyy i;%”&’e Wil RRYSHRBT ' hed
via |lines 74%03‘@ , rtgg%wegts%@éﬁ f/d.f” The 1ines %Og{r‘%hgg%ﬂr?g:%ﬁﬁ%é’ZHth
opt o- coupl er 78 and | i GUREA i¢ asideeieinest 4 fura® hood @xhhest t8nitalehittbdying
normal operation, the fume hood controller determ nes whether the danper
posi ti on shothapiesenthiangntion;o vary the flow of air through the termnal to
mai ntain the desired face velocity. Wen novenent in the appropriate
direction is needed, vdilageisiatoppficwdakengenrsalynlerg thedine @ of FHes 17andr
76, and the ymt%ge ig mai nt ained as long as the controller determ nes that
danper moventfistialingdbg presoph BV erYPlage is not being applied, the motor is
st opped and the danper itign_ig . there i,nt ai ned. |t shoul lso b
understood that the apdﬁ?};t%smo? ch%;*]%{ 8E%ﬁ{{gqln§f%magw géqgrglgx é@%%f%ﬂ’% ghe
cause the ac t : I trfld 4 : t

Such a resul P%&egeﬁéﬁlﬁé& io? §lt%?féfégarrp([arre t‘:‘rl&léllt@/ottrtlltg ?bﬁﬁgtot eé@% er a%ri %(ril)ﬁlg
an air suppl ¥yndagnriivd e dltfaefic PRIGNET fe BRitdust fernAipR] eftldd9g the Ps@é‘ee&y
consideration nmay be for fully opening the danper or fully closing i Bot h
types of appinveatioans are within the scope of the present invention. The
capacitor bank 72 preferably has a relatively |arge capacitance, such as
about 0.2 farads, for exanple. The nost inportant consideration is that the

capacitor 72 provide sufficient sQ t ator can be noved
from what ever position it was to%&@r@géﬁﬁﬁﬁ‘éﬁlv\hi ch results in the
danper being noved to ful open,positiqn. |t.shoul.d be, under st ood at
one | arge capacitor ca?rﬂé‘dt}égﬂgﬁa{lﬁeﬁmfﬂgHngeé\;gnalis cﬁ’r'ﬁf??d g)a%gpp{)queqt me
desired. The 0. . . 80 = 4 igght
dost red.  TNENgRAS AU BiiAR MAGCan cldeal digaodiE BORGTRIVER ddihiot 18P
phot o-transi gperslliy e ARMAdSsifibn Qiﬂd)t!ﬁm?bﬂ_ﬁﬁﬂ mdduRitinpetheelbwt @irsughthée
particularly, the opto-coupler 78 has output line 84 that extends to a

cl ockwi se coskhaistpdudt of at iendrhamt. 4Phe \desireh flawethopugh thel pExbiausd daes is
output line 86 that extends to a counterclockw se control port of the

driver. The deteominddcbypéumeihoedicontroHeethatisyotiinandefiijselica paitof the present
out put voltage pr.ovided fromthe drive nodule 42 vig line 88 to nornall
cl osed rel ayERtIgBt TESRN ARYVERHORAS FIVC‘SE%FP f‘é"é‘f %@S@Ma‘){ng

contacts 9D are,cqonnected to. the counterclockw s ort ,of. the Vi€ Gircuit
22" and ¢ he.conEHABOS- BRSO Ris MOt Y Bt aRd Raietol ircley, Tor iying the
opto-coupler§m%§ and 80. \Wen power fails on input lines 62, the capacitor
bank 72 powers the drive nodule 42 so that voltage on line 88 is applied to
the counterclockw se pomimi@nbietd Headra%ingaGind Pittiedlirlyl PRGS8$, 4 Fused N6od
the notor to the desired fulTy open position. A switch 87 can be noved from
the positi oneghawh téAnira$ inddeited gehérally 4tol ()ay shoka imbkide dieWaﬁdigbxfei’d(ljy
opposite direction, if desired. Fromthe foregoing description, it shou

be appr eci at edmiphiges a tdhuter doctdsegrieatid? having araipstreant end d| & idogynstrean end

i n an exhaust duct has been shown and descri bed whi ch has many superi or
operational characteristics and is reliable in its operation. The use of an
ultrasonic notor driven actuator for angularly positioning the danper in
the term nal has been shown to be sinple in design, which contributes to
its sinplicity and reliability of operation. Additionally, the drive
circuitry enployed in the preferred enbodinent is sinple in its design and
is effective to accurately control the danper position in a rapid manner.
The present invention includes circuitry which is responsive to a power
failure to place the danper in a preferred position until power is restored

M T T




.17 JtIL 202 9 Wiile various enbodi nents of the present invention have been
shown and described, it should be understood that other m)dificaticﬁsz JULhLZMZ
substitutions and alternatives are apparent to one of ordinary skill int
.art. Such nodifications, substitutions and alternatives can be nade wi t hout
departing fromthe spirit and scope of the invention, which should be

determ ned fromthe appended clains. Various features of the invention are
set forth in the appended cl ai ns. 2 0 I~ 1 7~~~ to What is clained

is: 1. A fune hood exhaust termnal for controlling gas flow in an exhaust
duct, conprising; 5 a duct segnent havi ng_l an upstream end, a downstream end

and an i nner 1fewithiflow thesebappssingithspaghe thel duct segmentcin the ginsstiondgthe armaw
Al e P e RS R
Ut rasoni o creeraehors AhAlS Prefertbil HibGRed 183 Saf L Rl is BT il d s
ndapted so. HoYMERR o bt AR TEN AR bidtink 2 R KON BIENpRE ol tower,
directions 1&4@%&99@@&5&%&&@ theoulH Hfitabl IRsdriures (A& shemid)ad tBQ?LﬁSIﬂIIQi

circuit neans for se vely energizing said drive notor to cause |

out put shaf t ségiméet 12t KLan ialteprivtivef tostheddathperkshiasie2 2 which WXt dd! Debigls ¢the
directions to place said danper 20 in a desired angular position in

response to damaperf 20,ithete raay be appadand bewer ¢ydindricplipoxtiomss that exitgmd fronh @iear)

applied herte}feoﬁeri?)%ietqy gfl' trh(é lélia';nprg %r(]),slff dlégitrgcfrlnce?trlrl‘gtr' ’icyspjeno%:constructibn, the shaft and
the cylindrical portions are coextensive along an axis that passes through the center
of the damper 20. The rotation of the shaft is mechanically prevented from rotating
more than 90° with electrical switches 21 (FIG. 3) being provided to disconnect the
control signal when the end has been reached.

It should also be understood that the exhaust terminal shown in FIG. 1
should not be limited to a disk-shaped rigid damper as particularly illustrated, but can
be used with any exhaust terminal having a damper construction which is controlled
by pivoting a shaft that controls the amount of flow through the damper duct. One
such type of damper is disclosed in U. S. Patent No. 4,155,289 issued to Garriss. It
should also be understood that while the present invention is directed to an exhaust
terminal, it is meant to be considered in a broad sense, in that a damper construction
can be incorporated in a unitary exhaust terminal, or can be installed in an exhaust
duct, or can just as easily be installed in a portion of the exhaust duct of the fume
hood itself. It is within the scope of the present invention, that the present invention
may be incorporated in the construction of the fume hood by the manufacturer of the
fume hood.

The apparatus includes an enclosure 26 which has four sidewalls 28, a

bottom wall 30 and a top plate 32. The enclosure 26 is supported by and attached to



power supply means adapted to be connected to an AC vol tage source and
‘provide a DC voltage on an output |ine; 25 detecting neans connectrﬁd( t YL 2002
sai d power supply neans and bei ng adapted to generate a predeterni'ned
.signal on an output line in response to the absence of an AC voltage at the
I nput of said power supply neans; 30 a potor driver nodul e adapted to

sel ectively apply DC voltage to said dr®ve motor in one of two way's
responsive to receiving said first and second el ectrical input control
signals to cause its output shaft to selectively rotate in one of clockw se
and countercl ockw se directions; 98088712cla~ns |2 June 2001 "1~ ~ Ul
2D02 11 an ethedubulanbegmentdlt? by muuntu34 that aps astached by suitelblesattadhfiens meamd,
second el ectrical input conbrol ﬂagnal s and said g@redeterm’ ned si %nal and

sel ect i vel y prebvasweltiaenss, boltssheatmstal seesves, ionsbe likenkeferring taiFIG: @, the d
. | . npH O R

T oSS A P B ST SRR B P8 B

St ot or vt EeRERs it TIHE pROvRey a siifadciintis MRS at O MIGER Tt

motor drt . L O . .
provide suf fioC@rincROVRE ggc&cmsﬂ oF REOLike" THe shaRDY @x&ﬂdgﬁg\?{ﬁgﬂggﬁ{a@%}gfhé 0

nove said danper to a predeterm ned position in the event .

absence of AbptysthtwaH 30 ofhbel etivlésuet whérd pdveioupledbiy afitglBétricallydpowered
detecting nmeans conprising an electrical relay having a set of nornally 15
cl osed cont adtmsemid motoet3 8diaving anlduypwshaftelnt act s, said rel ay being

connected to a power output port of said notor driver nodule, said port
bei ng connected to sai dhemetor38as driven by a drive module 42 via lines 44. The motor

is preferably a Model USR60 ultrasonic motor manufactured by the Shinsei company
of Japan. The motor is a 60 millimeter size, operates on 12VDC and has a 100 rpm
maximum speed, with an output torque of 0.4 Newton-meters. The motor driver is
also manufactured by Shinsei and is Model D2060. The motor driver 42 has a
variable potentiometer 48 which can be used to adjust the operating speed of the
motor.

Referring again to FIG. 1, the apparatus includes hollow tubes 54 and
56 which are positioned on opposite sides of an annular flange 58, with the tubes
extending to a transmitter 60 which feeds information relating to the differential
pressure across the flange 58 back to the fume hood controller. The controller uses
this information to determine the proper air flow through the segment 12. The
manner in which the flow is measured through the segment 12 is not considered to be
a part of the present invention, although it is understood that many of such exhaust
terminals often have this capability. It should also be understood that the flow of air
through the exhaust can be measured upstream or downstream of the tubular duct
segment 12,

Turning now to FIG. 3 which illustrates the circuitry that is employed

in the preferred embodiment of the present invention, 24 volts alternating current



I solation circuit via one of said sets of contacts so as to provi de power
to enable said electrical isolation circuit to provide said first ';szJUL %000
second input control signals to said notor drive nodul e when said’

vol tage source is active, said relay being adapted to 20 provide a
predeterm ned one of said first and second input control signals in
response to a power failure being detecfed. 2. A fume hood exhaust termi nal
as defined in claiml, wherein said electrical 25 isolation circuit
conprises: a first opto-coupler having a first light emtting di ode
connected to receive said first input control signal, said first |ight

em tting di oéAEdiingpplied ablipes 62 pvhich connedtite atpgynen sippiy 64 sindk toathe coil 66
providing said first input contrqgl, signal when said first light emtting 30
di ode i s eni®f?&efay 'ﬁh%eem! ogﬁh%pemﬁapplw provideser bA yoltsghrecs purrantg

di ode connec o recei\e said second i.npu ontrol .signal,..said second

i oht e e AGDE SuSEEHER I eonBrita s 7040 gsasasitordanka 88 w3 i owe
19 Z JUL Q)Oéloﬁa A fecond phot ot ransi stor and provi di ng said second i nput
control sign e% 'said second light emtting diode is emtting. 3. A funme

hood exhaust term nal @a&,d81 5iBRdls! forhl Pfuthelhdbd &nﬁ@%"r%ﬁca’iﬁirﬁkﬂ&ﬂo&ﬁ%& %ncgo

nmeans energi zes said drive notor to cause Its output shaft to Dbe rotate

pl ace said dggmRerddckiige Odhodefnieht Yoot nestdr f18 liy applis@dviaotinks 074 ighd 76,
response to said detecting neans generating said predeterm ned signal. 10

4. A fume homdpectivaly: Tlee hines74asrededrineeted to amptmeovpler| 78 asd 1ined 76 ade

wherein said at | east one capacitor is at |east about 0.2 farad. 5. A fune

hood exhaustconneetasato eptodeauplei8i.n Ruyng nermal epssatiendéaifigechepdneontroller

‘Q’BS[ iegg te gc gggtfgrr?lﬁie% Jvhcr:t?\ter t neddgr?l%grn goselltigﬁts Iogfd be gﬁgr}ge(éot%t\;a% t?)legﬁ]c?vlvso ait
through the terminal to maintain the desired face velocity. When movement in the
appropriate direction is needed, voltage is applied to one set of the input lines 74 or
76, and the voltage is maintained as long as the controller determines that damper
movement is needed. When voltage is not being applied, the motor is stopped and the
damper position is thereby maintained.

It should also be understood that the apparatus of the present invention
can be adapted to cause the actuator to fully close the damper in the event of a power
loss. Such a result may be desired if the damper is controlling the operation of an air
supply damper for a room. Depending upon the application, the safety consideration
may be for fully opening the damper or fully closing it. Both types of applications are
within the scope of the present invention.

The capacitor bank 72 preferably has a relatively large capacitance,
such as about 0.2 farads, for example. The most important consideration is that the
capacitor 72 provide sufficient power so that the actuator can be moved from
whatever position it was to a preferred position which results in the damper being

moved to a fully open position. It should be understood that one large capacitor can

be used rather than several small capacitors if desired. The opto-couplers 78 and 80



notor driver nodule at predeterm ned input ports. 6. A fune hood exhaust
termnal as defined in claim5 wherein said relay has a relay 20 "

oper abl e connected to said AC vol tage source, said coil being ad ?Ld-”“o 2002
_cause said relay to have said set of normally open contacts cl osed and said
set of normally closed contacts open whgn said AC vol tage source is active,
said port being connected to said notor®driver nodule via said normal |y

cl osed contacts when said AC voltage source has failed. 25 7. A fume hood
exhaust term nal as defined in any one of the preceding clains, wherein
said ultrasonic drive notor operates on a voltage of about 12 VDC, and has
an out put t orcqueprise dumddighd. emxmg dindest8 that ¢80 &8 7d2ivhtechby B Adheigiald and
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y" 109% () - S1§%& @, the capacitor bank 72 powers the drive module 42 so that voltage on line 88
is applied to the counterclockwise port via the relay contacts 90 and line 86 to drive
the motor to the desired fully open position. A switch 87 can be moved from the
position shown to its upper position to have the motor driven in the opposite direction,
if desired.

From the foregoing description, it should be appreciated that a fume
hood exhaust terminal for controlling gas flow in an exhaust duct has been shown and
described which has many superior operational characteristics and is reliable in its
operation. The use of an ultrasonic motor driven actuator for angularly positioning
the damper in the terminal has been shown to be simple in design, which contributes
to its simplicity and reliability of operation. Additionally, the drive circuitry
employed in the preferred embodiment is simple in its design and is effective to
accurately control the damper position in a rapid manner. The present invention
includes circuitry which is responsive to a power failure to place the damper in a

preferred position until power is restored to the exhaust terminal.
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While various embodiments of the present invention have been shown
and described, it should be understood that other modifications, substitutions and
alternatives are apparent to one of ordinary skill in the art. Such modifications,
substitutions and alternatives can be made without departing from the spirit and scope
of the invention, which should be determined from the appended claims.

Various features of the invention are set forth in the appended claims.
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What is claimed is:

1. A fume hood exhaust terminal for controlling gas flow in an exhaust duct,

comprising;
a duct segment having an upstream end, a downstream end and an inner periphery;

a damper disposed in said duct segment adapted to be rotated about an axis to vary
the flow of gas passing through said segment between the range of approximately no flow

10  and full flow as a function of the angular position thereof;

an electrically powered ultrasonic drive motor having a rotatable output shaft and
a coupling means for attaching said output shaft to said damper axis, said motor being
adapted to be selectively driven in clockwise and counterclockwise rotating directions

15  responsive to selective drive signals being applied thereto;

circuit means for selectively energizing said drive motor to cause its output shaft
to be rotated in one of said clockwise and counterclockwise directions to place said damper
20  in a desired angular position in response to one of first and second electrical input control

signals being applied thereto, said circuit means further comprising:

power supply means adapted to be connected to an AC voltage source and provide

a DC voltage on an output line;

25
detecting means connected to said power supply means and being adapted to
generate a predetermined signal on an output line in response to the absence of an AC
voltage at the input of said power supply means;
30 a motor driver module adapted to selectively apply DC voltage to said drive motor

in one of two ways responsive to receiving said first and second electrical input control
signals to cause its output shaft to selectively rotate in one of clockwise and

counterclockwise directions;
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an electrical isolation circuit adapted to receive said first and second electrical

input control signals and said predetermined signal and selectively provide one of first and

5 second input control signals to said motor driver module, and to provide a predetermined
one of said first and second input control signals to said motor drive module in response to

receiving said predetermined signal;

at least one capacitor connected to said motor driver module, said at least one
10  capacitor being adapted to provide sufficient power to said motor driver module to drive
said motor to move said damper to a predetermined position in the event of a detected

absence of AC voltage at the input of said power supply means;

said detecting means comprising an electrical relay having a set of normally

15  closed contacts and a set of normally open contacts, said relay being connected to a power
output port of said motor driver module, said port being connected to said electrical
isolation circuit via one of said sets of contacts so as to provide power to enable said
electrical isolation circuit to provide said first and second input control signals to said
motor drive module when said AC voltage source is active, said relay being adapted to

20  provide a predetermined one of said first and second input control signals in response to a

power failure being detected.

2. A fume hood exhaust terminal as defined in claim 1, wherein said electrical

25  isolation circuit comprises:

a first opto-coupler having a first light emitting diode connected to receive said
first input control signal, said first light emitting diode being operably coupled to a first

phototransistor and providing said first input control signal when said first light emitting

30 diode is emitting; and

a second opto-coupler having a second light emitting diode connected to receive

said second input control signal, said second light emitting diode being operably coupled to
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10 4. A fume hood exhaust terminal as defined in any one of claims 1, 2 or 3, wherein

said at least one capacitor is at least about 0.2 farad.

5. A fume hood exhaust terminal as defined in any one of the preceding claims,
15  wherein each of said first and second electrical input control signals are applied to said

motor driver module at predetermined input ports.

6. A fume hood exhaust terminal as defined in claim 5 wherein said relay has a relay
20  coil operable connected to said AC voltage source, said coil being adapted to cause said
relay to have said set of normally open contacts closed and said set of normally closed
contacts open when said AC voltage source is active, said port being connected to said
motor driver module via said normally closed contacts when said AC voltage source has
failed.
25
7. A fume hood exhaust terminal as defined in any one of the preceding claims,
wherein said ultrasonic drive motor operates on a voltage of about 12 VDC, and has an

output torque of about 0.4 Newton-meters.
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