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LABORATCRY FUME HOOD CONTROLLER UTI LI ZI. NG B4 Bl GETECTI ON
Thé present invention relates generally to the control of °t he E ntilation
af ?abor‘atary funme hoods, and nore particularly to an a@p@r@uﬁ’&ﬁr{
deternlnlng the presence and | ocation of objects in a |aboratory fune hood
ahd for controlling the flow of air thrbugh the fume hood as a function of
the determ ned presence and | ocation of such objects. Fune
hpods are utilized in various | aborat ory environnents for providing a work
Ml ace where potentially dangerous chenicals are used, with the hoods
-conprising an enclosure having noveabl e doors at the front portion thereof
whi ch can be opened in various anmounts to pernmt a person to gain access to
the interior of the enclosure to conduct experinents and the |ike. The
enclosure is typically connected to an exhaust systemfor renoving any

noxi ous fumes so that the person will not be exposed to themwhile
perform ng work in the hood. The sash doors of such fume hoods are designed
to be opened either vertically or horizontally, and the position of the
doors is often referred to as the sash position.
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LABORATORY FUME HOOD
CONTROLLER UTILIZING OBJECT DETECTION

‘The present invention relates generally to the control of the ventilation
of ;?g,boratory fume hoods, and more particularly to an apparatus for determining the
pre:fserice and location of objects in a laboratory fume hood, and for controlling the
flow of air through the fume hood as a function of the determined presence énd
location of such objects.

. Fume hoods are utilized in various laboratory environments for
providing a work place where potentially dangerous chemicals are used, with the
hoods comprising an enclosure having moveable doors at the front portion thereof
which can be opened in various amounts to permit a person to gain access to the
interior of the enclosure to conduct experiments and the like. The enclosure is
typically connected to an exhaust system for removing any noxious fumes so that th.e
person will not be exposed to them while performing work in the hood. The sash

- doors of such fume hoods are designed to be opened either vertically or horizontally,
and the position of the doors is often referred to as the sash position.

Fume hood controllers which control the flow of air through the
enclosure have become more sophisticated in recent years, and are now able to more

accurately maintain the desired flow characteristics to efficiently exhaust the fumes



: :
Funme hood controllers which control the flow of air through the encl osure
have becone nore sophisticated in recent years, and are now able to nore
accurately maintain the desired flow characteristics to efficiently exhaust
the funes 2 fromthe
encl osure as a function of the desired ;average face velocity of the opening
of the funme hood. The average face velocity is generally defined as the
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fume hood, e slze o e open face area I ng dependent u

posi tion obf@Refithe HB6E. The avi@aga sdtedRWddity(i9fgefbrall9fdRfined at theflbw FSaid
"sash") and in nost types of enclosures, the anount of bypass opening that

i s provi dedntolibefithehoabperaqueedost of epenl fasedrea of the fume hood, Witk tHesize hoods
are exhausted by an exhaust systemthat includes a blower that is often
capabl e of obéhegpen fagerarea being idgpendenpupom theopasiizorceSenaer mets ebihe saste 1 ow

of air fromthe fune hood to conpgnsate for the varyi I ze of the opening
or face. Adperafeyasfsre F%P%lyr?ﬁ?q'g%&é) 27 0% RIS OERSIOSES, 1B aRyThot be
of the type ich can.be.driven .at ,variabl e speeds conngct to the exhaust
i fol o RLEIPESS GpRping hetis sERyiBhe WiienBe And O dhuk BRUERE Tl (ol e fune
hoods, and danpers ' i { Rdivi %e : |, the

flow fromthe indivi uglbﬁg&?és{dqggﬂ? ﬁ&}‘é‘%@e‘iﬁg&# aé[;ég&tlﬁe ?W&?%q%yl%%a% n the
desired aveldgé thacs ofieh apdble ofbegng driven at variaBléNpR¥dsi® ineleaseAiralcefdagd Y 1 N

| abor at ori es having such funme hoods; it is necessary to exhaust a m ni num

flow air f rigefloweoflait omahe fiimé heod toreo ste\ior the vaeying sizeiofthd op@lings
substantial volunes of air. O course, this air cones fromthe roons where

the fume hoodscear Alteoatively, themel mdycbeaa single blpwrer dhdtymay onmay| it beaifithe

confortabl e tenmperature since people are working in the | aboratories. -
Dependi ng &yPe which ¢ambe drivemal varmble spagds rc@mﬁcgﬁdaﬁqthg gxhayst mangfold, that

therc are 4 BHurt cammectegie S R803 A ucROr Y bk Toaienaand SEBRERPERT ng.
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thereby modulate the flow to maintain the desired average face velocity.

To provide adequate safety in laboratories having such fume hoods, it
is necessary to exhaust a minimum flow air from the interior of the fume hoods which
necessarily involves substantial volumes of air. Of course, this air comes from the
rooms where the fume hoods are located, and the air is typically at a relatively
comfortable temperature since people are working in the laboratories. Depending on
the climatic conditions, the return air supplied to the laboratories is generally outside
air that must be heated or cooled, and there are significant costs associated with such
temperature conditioning.

There has been a greater awareness in recent years of the significant
energy costs that are experienced by the owners of buildings that have laboratory
fume hood installations, and improvements have been made in the design and

operation of fume hood controllers, and in laboratory room controllers to reduce the



energy costs that are experienced by the owners of buildings that .have

| aboratory funme hood installations, and inprovenents have been made in the
desi gn and operation of fume hood controllers, and in | aboratory room
controllers to reduce the 3
operating costs relating to the energy3requirenents of the |aboratory,

W t hout sacrificing the safety of the people working in them

Among t he oparaaNeroRisSrdlitaig ha\the Rpefpy ettt @fUhe Rbo | ngirRGui ces
whi ch are ul?sgeig t% det ect thge presencgeg or absence of indi viﬁaﬁgﬁ’lér‘?lrtlﬁt?ﬁe

| abor at or ysacodwirgihetsafetypofthetpeepleovorkingin themy of air that is exhausted

through the fame hoods when people are not present in the |aboratory room
Thi s has been acconpAmongdh¢ymprvemegtstthat mvedheenenagle dradhe iskuel sensingt he

| abor at ory _rqom uﬂﬁ g notion detectqrs of vari ouls) kinds, Q& her techniques
sense whet A&ACENY ‘fq"g Atesugsd thdeteghMeapeeseice anabsaisard individuals dnethies

Foom 1's 'u:s hotory Apbygand o By 408 Yo QHaH B0 g LS exbtated fipush the "
Costs o oluhEHIEES Wik pkSplTEretor WRRint 18 the MARIAOL Mol CHER s Mol £ &
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vel ocity. e above techniques are effective to reduce

t he amount metiohldetechsrs of vatioidieindst Odidrasciniqueseenst whethet thetlighty of thes t he
presence of individuals in the room it does not deal with other conditions

Wi t hi n t herdommarehomcanidtasedrhe thdtinohoneas ipdeseat Hdhe hightsearaifff The prasumednser ve
energy costs associated with the operation of such fume hoods.

Accor di ngl gbsence jof indipiduplsip the ream ivasade toggerasetbadk af flow thsoyghothede an

I nproved fune_hoqd control lLer that can selectively control] the flow. of air

through t HBOPdsrEVIRER ACTessargE wsc%vgl;wo%@ a!étn@e@%gn& useetence of
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user, but can approach 50 to 60% of the normal flow for a given face velocity.

While the above techniques are effective to reduce the amount of flow
based on the detection of a condition that involves the presence of individuals in the
room, it does not deal with other conditions within the fume hood itself, which could
be advantageously used to conserve energy costs associated with the operation of such
fume hoods.

Accordingly, it is a primary object of the present invention to provide
an improved fume hood controller that can selectively control the flow of air through
the fume hood to conserve energy costs by detecting the presence of objects within
the fume hood and adjusting the flow accordingly.

It is another important object of the present invention to provide an
improved fume hood controller that can selectively control the flow of air through the
fume hood to conserve energy costs by detecting the position of objects within the

fume hood and adjusting the flow accordingly.



inproved fume hood controller that can selectively control the flow of air
t hrough the fune hood to conserve energy costs by detecting the position of
objects within the fune hood and adjusting the flow accordingly.

4 A nore detailed object is to provide such an inproved
controller that is adapted to automaticélly reduce the flow of air through
the fume hood if no objects are detected within the interior of the fune
hood, which is indicatinsee d&tatledabidariaas Prsvifle jIlary
object is gocﬁr ovide such a controjI@I er t%ﬁmgﬁé{egﬁﬁgﬁg&??%ﬁgﬁ

mi ni mal  f| twdaptedite sutoniativalipyeduee dhe flowlof wirmierolifzle hel funftrhddld i€6b Dbsces
detected within the fune hood. Yet another object is'to

provi de sud¥ detested withsy theramteriae (of tbe Riares hood,nwhich ishiddieativeptigit tigoned
in proxirritd to the fume hood sqg that_the sensing neans is adapted to

det oct  t he SHASEP eSrrQPiesents A aneiliary iobjectisdo meexide such a controller thet i | |

Thot TS ool eapbeaRty il Rof Yot FhichIagy beyibeile no iy Fwy. oo
that {1 ow Lgieel.cerc aBrebaRRiehialEE s Bgl de adequate safety while
mnimzing flo r

w for the purpose O educing the attendant costs previously

di scussed. Yet anothéssbjést i Lifievide Qﬁc?l?é Eoﬁ‘&'éﬂer l?ﬁéft?ﬁﬁuﬁﬁf?érﬁfﬁ%mu pon

reading the follow ng detail ed description of the present 1 nvention, ile

referring meah$ithabatequisitibndd dmprogimity o el faftie hood so that the senshgRand is S
schemati c bl ock di agram of apparatus of the present invention sShown

i nt egr at edadapted to deseeh the pxistance of objeatshwithinrthe furmehbbdt i ng and ai r
conditioning nonitorjing and control system of a buil ding;

FIG 2 is a block di 5@&%@@5@ ebjechie tnprewidesuch élcbetrpllg’ﬁg&tdndudesamﬂlg 0 an

operator panel, ,the latter being _shown.in front el evatjon;

FIG 3is H‘%P%&Pé_ﬂﬁw%ff@i@@é&é?&&h? B?Slﬁlmolrﬁaﬁ?ts Sitn thefusae hoed,ispehatune

hood Navt o 1671k baRbl XajRBRE B bRoviasRicdBRk s AR Wb YRS P oW Hor bt o
' purpose of reducing the attendant costs previously discussed.

These and other objects will become apparent upon reading the
following detailed description of the present invention, while referring to the attached
drawings, in which: ‘

FIGURE 1 is a schematic block diagram of apparatus of the present
invention shown integrated with a room controller of a heating, ventilating and air

~ conditioning monitoring and control system of a building;

FIG. 2 is a block diagram of a fume hood controller, shown connected
to an operator panel, the latter being shown in front elevation;

FIG. 3 is a diagrammatic elevation of the front of a representative fume
hood having a vertically operable sash door, and a by-pass opening located above the
front face;

FIG. 4 is a diagrammatic elevation of the front of a representative fume

hood having horizontally operable sash doors;
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front face; FIG 4 is a diagrammatic el evation of the front
of a representative funme hood having horizontally operabl e sash doors;
5 FIG 5 is a cross section taken generally along the line
5-5 of FIG 4; FIG 6 is a diagrammatic isonetric view of the
front of a funme hood having object sensbng neans enbodyi ng the present
I nventi on; FIG 7 is an electrical schematic diagramof a

e ey of d P> s an e e _ '
plural ity of door sagf;Ppegs 'c?%g'sﬁ@ﬁ&?&kﬁnﬂg&%élﬁhﬂ@ﬂg%c e 5-5 of FIG. 4;

FIG 8 is a cross section o 00r sa posi t’i on I ng neans;

FIG 9 is a schemati @Idi. #oisadiakrapliBftid isealetrid View of the fiint dFacfufhdhosd t he
position of sash doors of a funme hood; and FIG 10 is a block
di agr am i | Ihasingaobject seheingehedns\embpdyirg tha prastntih@htic)a, 10b, 10c, 10d and
10e to one another, and which together conprise a schenatic di agram of the
el ectrical circuitry Hér 7 isanf elpeirinelowhematie diagsammfmplugalisy i cﬁzyrtsaeh
present invention, .. . oy FI GS. 10a, 10b, 10c, 10d and 10e, which
when connedOSHIANBdiqRERg SEatsBNEIBeaNSs chenat i ¢ di agram of the el ectri cal

circuitry for the fu aod_control ler ans enbodying the present .
i nvention. rf‘pIGh 8% a crosts séction of%é%ﬁﬂi%ﬁ é%@rlﬁﬁlt‘ﬁmg means;

It should be generall 4 f g&lﬁﬁ I t he
flow of air through t%ingﬁé%l%ggmfcr@m%gﬁc%gg% y greﬁ%rg?%{gqéﬁ?ze of
the total %ﬁi&gofﬁshﬂgommodd’j%gdi ng the portion of the opening
that is not covered by one or nore sash doors will have a relatively
constant average facé&IxI10dsabledk diagramillusgrating thet tekative positiond of FIGS. means
that regardl ess of the area of :

10a, 10b, 10c, 10d and 10e to one another, and which together comprise a schematic

diagram of the electrical circuitry for the fume hood controller means embodying the
present invention;

FIGS. 10a, 10b, 10c, 10d and 10e, which when connected together,
comprise a schematic diagram of the electrical circuitry for the fume hood controller

means embodying the present invention.

DETAILED DESCRIPTION

It should be generally understood that a fume hood controller controls
the flow of air through the fume hood in a manner whereby the effective size of the
total opening to the fume hood, including the portion of the opening that is not
covered by one or more sash doors will have a relatively constant average face
velocity of air moving into the fume hood. This means that regardless of the area of
the uncovered opening, an average volume of air per unit of surface area of the
uncovered portion will be moved into the fume hood. This protects the persons in the -
laboratory from being exposed to noxious fumes or the like because air is always

flowing into the fume hood, and out of the exhaust duct, and the flow is preferably



the uncovered openi.ng, an average volune of air per unit of surface area of
the uncovered portion will be noved into the fume hood. This protects the
persons in the | aboratory from bei ng exposed to noxious funes or the |ike
because air is always flowing into the fume hood, and out of the exhaust
duct, and the flowis preferably 6 _ _

6 controlled at a predetermned rate that can vary, but which is
general |y wWohi I : ' I .50 . lb,ee. er, mnute
er squar o Phaplsd BE pnRaAcRinBRpiE thalal Vory ol AR IR P i nd
Broadly st aiameb of &sprEkesRelly 60WETH0 ibid feel bemimfe bor fuafiMfdo? bF Effel e @
fume hood wher e tf}%pflowgl'fv air through thg fune hgodﬁs controFffgdt?{eo

mai nt ai n s atfacpareatdfitlye mwuvetedoendny] al so to reduce the flow when
possible to save costs. However, costs are not saved at the expense of
safety, which is of [Broadlywstated,thepressntinvEhtion indiredtéd@to awohtrdHer fansi ng
means for sensin ether objects are in the funme hood and the controller

i s adapt ed%’@eé’é’%flr er@ﬁ@tfqvgwf #ir thrprgh thedums hopd is eantrolled to maintainsalt i on

f th ce. b bj ects,in Lhefume hood I th
posi 11 0n oPPERIGLPRRRE0N Al LAY o4l 16 IPY| Farn ResERIS B 5ot cesiso

h f .Qi I nNj . t abl |
[ o ob] eTIQPAIH, oBHt ittt & METRERS, O aftely, W€ Ao tpl g
there are 'ﬂﬁpBﬁéﬁé&STﬁé’H&ﬁIdlI&@%ﬁélﬁdesTiéﬁsiﬁg%éﬁk l£8¢ seingin 'm@%%% e

control the flow as a function of the locdation of objeCts w

hood. In t lin the f@a¢ Hood and theksumtrollepis ddapteditls ebhtrelote Fow HES tiEdugh kg out
t hrough t he openi ng of

fume hood as a function of the presence or absence of objects in the fume hood as

well as the position of the objects, if present. The controller is thereby able to reduce
the flow of air through the fume hood to a minimum acceptable flow if no objects
exist in the fume hood, which is presumed to indicate that there are no noxious fumes
present. The controller is also adapted to control the flow as a function of the location
of objects within the fume hood. In this regard, it is known that the likelihood of
fumes spilling out through the bpening of the fume hood is increased the closer the
source of the fumes is to the opening. Thus, if a beaker containing chemicals or the
like which emit dangerous fumes is located near the back of the interior of the fume
hood, the likelihood that fumes would escape from the front is reduced. That being
the case, the flow through the fume hood can be reduced to some degree without
compromising safety, while still realizing the cost savings associated with less flow.

Tumning now to the drawings, and particularly FIG. 1, a block diagram
is shown of several fume hood controllers 20 interconnected with a room controller
22, an exhaust controller 24 and a main control console 26. The fume hood con-
trollers 20 are interconnected with the room controller 22 and with the exhaust

controller 24 and the main control console 26 in a local area network illustrated by
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the fume hood is increased the closer the source of the funmes is to the
opening. Thus, if a beaker containing chemcals or the Iike which emt
dangerous funes is |located near the back of the interior of the fume hood,
the |ikelihood that funmes would escape fromthe front is reduced. That
bei ng the case, the flow through the fume hood can be reduced to sone
degree w thout conprom sing safety, while still realizing the cost savings

associ at edline 28 which thaybe a multi-conductor cAblervritle Y The kdtfin SoANOIS thaand
particularly FIG 1, a block diagramis shown of several fume hood

cont r ol | er §xbanst mostrodlandét antl wie main rcontrok consode R6rar 2ypinally part of ¢ent r ol

consol e 26 ﬁge roomcontroller 22 is also connected to an exhaust flow
sensor 28 RHHIMEGTFHN ;ﬁﬁ\&/ﬂ@m@ wiych the labgratonomemsosantaining: the fomer e

| gg; con ggaﬁgaﬁéwapﬁggs R éo%fmﬁ%rs%}e“p%&%wr‘i pJ_vr;r Sough

7 i 24 i L= . i .

Jontront or HHR 30N wHi Ret tud bioler SORANCYE Y FRISHRRE 39 P s e THE PO

bui | ding mai n HVAC SYieBohd obhirsier! 22 phaRAILA 36 Lf RO Hod GRIGH U AO1dae fure

hoods are | ocated. The funme ho contr are provi power

through |i espaile offproviding atvarfablepsio polundeltd a8e rodm, and fxﬁ?&f@é TRhd&’gor the
i ke. The room controller 22 preferably 1s of the type which is

at | east c&paefbelnst System G00gSEUy contedller. aThe voomnmntolleh22ris wapabledofray be
a Landis & Staefa, |nc. System 500 SCU controller. The room controller 22
i s capabl e communisaing avenhtheokad dings 128N The eeomcontrplier isoareommencialyl er i s

a commerci al |, vai | abli% ontrqller for which extensive go unent ati on
exi sts. Thé@Veiahle panEolsrder gxtensiye dagpmeniatioanyeygsts o Lhe fisesRefermmeno scu

Manual, Part No. 125-1753 for the System 600 SCU controller is specifically incor-
porated by reference herein. |

The room controller 22 receives signals via lines 81 from each of the
fume hood controllers 20 that provides an analog input signal indicating the volume
of air that is being exhausted by each of the fume hood controllers 20 and a
comparable signal from the exhaust flow sensor that provides an indication of the
volume of air that is being exhausted through the main exhaust system apart from the
fume hood exhausts.

Referring to FIG. 2, a fume hood controller 20 is illustrated with its
input and output connector ports being identified, and the fume hood controller 20 is
connected to an operator panel 34. It should be understood that each fume hood will
have a fume hood controller 20 and that an operator panel will be provided with each
fume hood controller. The operator panel 34 is provided for each of the fume hoods
and it is interconnected with the fume hood controller 20 by a line 36 which
preferably comprises a multi-conductor cable having eight conductors. The operator

panel has a connector 38, such as a 6 wire RJ11 type telephone jack for example, into
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controller is specifically incorporated by reference herein. The
roomcontroller 22 receives signals via lines 23 fromeach of the funme hood
controllers 20 that provides an anal og input signal indicating the volune
of air that is being exhausted by each of the fune hood controllers 20 and
a conparabl e signal fromthe exhaust fl 8w sensor that provides an

I ndi cation of the volunme of air that is being exhausted through the main

exhaust syswhivhaphupttop persohbkcdmprtehoptheclilteamay be connected for thepafgdsadft 0
FIG 2, a funme hood controller 20 is illustrated with its input and out put

connect or pSpUtingeinformationt ﬂeﬂatmg toathe edndigmativnhondperation of ke fitfie heod
connected to an o? at or Eanel It should be_ understood that each fume
hood wil | nggdn l?ﬁrt“ tdlaHoR.ite shqlr@ge wamemmg pasaroplersaf e¢cq§mi Thel | be

provi ded w th each f hood c troII er.at oy. panel i s pr.ovided
for each of HROF BARC [?40155‘;” }{n?%uq &‘J’rﬁ?} %CCW{@I“FH FAHew

cabl e havi riaieity  te gy Byt puBet ko FORRY ﬁﬂg%ﬁ"@%ﬁﬁ e 38PA55. “Cucn
as 6 wire RI1ltype t efiiaRSdodconirslle ledﬁgﬁbﬁﬁpﬁ{iepﬁ@ eferab includes 2 llg%mdt he

8 which a lap top personal conputer or “the be C nnecte

purpose of drpgtal displayi40, evhich wdenseleatively dctivhied, provideg Whe@visaal ialicagenat i on
of the fume hood dur| ng initial installation, or to change certain

operati ng prameusaspects oféheeperation Gﬁﬁaedpme:hood mehedin@threesdigits #a rvelficly
mounted to the fume hood in a convenient |ocatjion adapted to be easily

observed bypravisethoaverrgs fase welorityig The displayedG ilkustrafew ether conditions such a¥he
Lluggl 23020 g% aglﬁlve 0 e&gb&ﬁpsg&?cg&m r ef er abl (ﬁPF’QCI udes a Ji q%hgncorfyst al
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event of an accident. The operator panel has two auxiliary switches 48 which can be
used for various customer needs, including day/night modes of operation. It is
contemplated that night time mode of operation would have a different and preferably
reduced average face velocity, presumably because no one would be working in the
area and such a lower average face velocity would conserve energy. An alarm silence
switch 50 1s also preferably provided to extinguish an alarm.
Fume hoods come in many different styles, sizes and configurations,
including those which have a single sash door or a number of sash doors, with the
sash doors being moveable vertically, horizontally or in both directions.
Referring to FIG. 3, there is shown a fume hood, indicated generally at
60, which has a vertically operated sash door 62 which can be moved to gain access
to the fume hood and which can be moved to the substantially closed position as

shown. Fume hoods are generally designed so that even when a door sash such as

door sash 62 is completely closed, there is still some amount of opening into the fume



controller failure. The operator panel nmay have an audi ble alarm 44 and an
energency purge switch 46 which an operator can press to purge the fune
hood in the event of an accident. The operator panel has two auxiliary

swi tches 48 which can be used for various custoner needs, including
day/ ni ght nodes of operation. It is coatenplated that night tinme node of
operation would have a different and preferably reduced average face

| [ , o] | d j in.th h
ower ayeriusd HERRSHRRERRS b Ghal SanBtet o2% pif, iR abhite o Benedaftei 't on
50 i s al sqepirRidqh %Q%%?Xésm ig &id B9 Hét%ﬂn@l@d% ?ﬁzﬁ‘its effect can be taﬁ% Furre

hoods conme I n nmany ent styles, sizes and configurations, 1ncluding

those whi dlatdassideraiitPinccsllife te QowdIHIRES tmfﬁ;mkbdaocscﬁnewje ofhe

sash doors being noveabl e vertically, horizontally or in both di'rections.
Ref er ri ng fumefidads have hbyeaiss opéring tiatfisitoratedabove thl dedredsly edleathetrsat 60,
which has a vertically operated sash door 62 which can be noved to gain
access t o arhbelownis. fosume fitmehoeds, thenfitsé amountiof movementuafs sashidabr wilkkl osed

position as shown. Fung hoods, are generally designed so that even when a
door sash BGEASH emm@agtﬁh%botit%m&fnrﬁﬁ@ doat shawmHG. 13, forecxagnple, byt as one

S”D‘ﬁgf)ﬁof B 08 B i k! BTl gh o e oy apass omFniBg S thatfbe sigsentthg 63 15
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| ocat ed above t oor sash ile others are belo In sone fume hoods,

the first igfBHAE aff effonasfndrilld 65 widshisdsovidadltb overliesthe bylpes arani ng at
the bottomof the door shown in FIG 3, for exanple, but as the door is
raised, it will nerdDthertypendf funhehbydsoray inchele ssyembhotizantalie moiveablef t he
total opening of the fume hood is maintained relatively constant for

per haps t reashidpens 66rsuch asshowmindiIfiS. dfando avithnthe doorstheingmgvalle in wpperhr ough

its course of travel. and ignoring a fect of a grille, 65 which i
provi ded t& mqri@lqsﬁg" agigclggggacg?se@/. %hen t&ae Joors are posﬁloned as shown in

FIGS. 4 and 5, the fume hood opening is completely closed and an operator may

move the doors in the horizontal direction to gain access to the fume hood. Both of
the fumes hoods 60 and 64 have an exhaust duct 70 which generally extends to an
exhaust system which may be that of the HVAC apparatus previously described.

While not specifically illustrated, other combinations are also possible,
including multiple sets of vertically moveable sash doors positioned adjacent one
another along the width of the fume hood opening, with two or more sash doors being
vertically moveable in adjacent tracks, much the same as residential casement
windows.

In accordance with an important aspect of the fume hood controller 20,
it is adapted to operate the fume hoods of various sizes and configurations as has been
described, and it is also adapted to be incorporated into a laboratory room where

several fume hoods may be located and which may have exhaust ducts which merge



O her types of fune hoods may include several horizontally noveabl e sash
doors 66 such as shown in FIGS. 4 and 5, with the doors being novable in
upper and | ower pairs of adjacent tracks 68. Wen the doors are positioned
as shown in FIGS. 4 and 5, the fume hood opening is conpletely closed and
an operator nmay nove the doors in the Narizontal direction to gain access
to the funme hood. Both of the fumes hoods 60 and 64 have an exhaust duct 70
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danpers located in th§ye fme hood controller is adapted to control virtually any of the
various kinds and styles of fume hoods that are commercially available, and to this
end, it has a number of input and output ports (lines, connectors or connections, all
considered to be equivalent herein) that can be connected to various sensors that may
be used with the controller. As shown in FIG. 2, it has digital output or DO ports
which interface with a digital signal/analog pressure transducer with an exhaust
damper as previously described, but it also has an analog voltage output port for
controlling a variable speed fan drive if it is to be installed in that manner. There are
five sash position sensor ports for use in sensing the position of both horizontally and
vertically moveable sashes and there is also an analog input port provided for
connection to an exhaust air flow sensor 49. A digital input port for the emergency
switch is provided and digital output ports for outputting an alarm horn signal as well
as an auxiliary signal is provided. An analog voltage output port is also provided for

providing a volume of flow signal to the room controller 22. In certain applications



-exhaust duct of each funme hood, so that variation in the flow can be
controll ed by appropriately positioning the danper associated with each
f ume hood. The funme hood controller is adapted to control
virtually any of the various kinds and styles of fume hoods that are
commercially available, and to this entll it has a nunber of input and
out put ports (lines, connectors or connections, all considered to be
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use in sens¢mbodimentodYith these vatiousinput angomitpit portsn stirwallyi ayl type of \femb| e
sashes and there is al so ag,anal I,nput_ port provided for connection to an
exhaust ai rh99dganskseentralls maaiegﬁgeme anthefficisat mapger.t he emer gency switch
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accurate and is not the preferred enbodinent. Wth these various inpuf and

out put por t sonsists bfialrtlatiaely thingsolpéstéribase tayed 82 apohavlsioh s phihted 4 striprof
effective and efficient manner. To determne the position of
t he sash dodeetrically resistivednk 84 0f sknown dosstantresistance penuntidengibh Anothdrl e
sash door and it is generally il]ust r'gted in FIGS., 7,. 8 and 9. Referring to
FIG 8, thePlyestenhash layss £6 ivprovided and sldhes istar obeledrisaly cepductive ink 83

printed on it. The two base layers 82 and 86 are adhesively bonded to one another by
two beads of adhesive 90 located on opposite sides of the strip. The base layers are
preferably approximately five-thousandths of an inch thick and the beads are approxi-
mately two-thousandths of an inch thick, with the beads providing a spaced area
between the conductive and resistive layers 88 and 84. The switching mechanism 80
is preferably applied to the fume hood by a layer of adhesive 92.

The polyester material is sufficiently flexible to enable one layer to be
moved toward the other so that contact is made in response to a preferably spring
biased actuator 94 carried by the appropriate sash door to which the strip is placed
adjacent to so that when the sash door is moved, the actuator 94 moves along the
switching mechanism 80 and provides contact between the resistive and conductive
layers which are then sensed by electrical circuitry to be described which provides a
voltage output that is indicative of the position of the actuator 94 along the length of

the switching means. Stated in other words, the actuator 94 is carried by the door and



swi tch mechani sm 80 of relatively sinple nechanical design which preferably
consists of a relatively thin polyester base |ayer 82 upon which is printed
a strip of electrically resistive ink 84 of a known constant resistance per
unit | ength. Another polyester base |layer 86 is provided and it has a strip
of electrically conductive ink 88 printed on it. The tw base |ayers 82 and
86 are adhesively bonded to one another by two beads of adhesive 90 | ocated
on opposi t eh&ie®® provides afi teldchrical WOItASS thak i’sﬁﬁﬂ&aﬁ@@o?ﬂﬁ‘c;ﬁ({s wof the sash .
approximately five-thousandths of an Tnch thick and the ‘beads are approxi -
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are so small that there is little interference with the operation of the sash door. The
actuator 94 can also be placed in a small hole that may be drilled in the sash door or
it may be attached externally at one end thereof so that it can be in position to operate
the switch 80. In the vertical moveable sash doors shown in FIGS. 3 and 6, a
switching mechanism 80 is preferably provided in one or the other of the sides of the
sash frame, whereas in the fume hoods having horizontally movable doors, it is
preferred that the switching mechanism 80 be placed in the top of the tracks 68 so that
the weight of the movable doors do not operate the switching mechanism 80 or
otherwise damage the same.

Tuming to FIG. 9, the preferred electrical circuitry which generates the
position indicating voltage is illustrated, and this circuitry is adapted to provide two
separate voltages indicating the position of two sash doors in a single track. With

respect to the cross-section shown in FIG. 5, there are two horizontal tracks, each of



-an accurate determ nation of the sash position can be made.

It should be understood that the illustration of the sw tching nmechani sm 80
in FIGS. 3 and 5 is intended to be diagranmatic, in that the swi tching
mechanismis preferably actually |ocated within the sash frane itself and
accordingly would not be visible as shbdwnm. The wi dth and thi ckness

di mensi ons of the switching nechanismare so snall that there is little

i nterferengmiol édiribdBvOPAhAddRE 2Rd a shetchARE e ahism 8@ issrbVRlcarfoPdadpdr al so
be placed in a.snmall hole that nay be drilled in the sash door or It may be
attached egteetrackslas ist circeitasdhowairFIGs9, themby iprovidmghedistingositage fort 0
operate the switch 80. In the vertical noveabl e sash doors shown In FIGS. 3
and 6, a seackof thy four sashidoerses showm.ef erabl y provided in one or the other
of the sides of the sh fr , Whereas_.in_ the fume _ hoods havin
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13 which carries two sash doors and a swi tching nmechanism 80 is provided
for each othe fourtarmoksillastrated aepresent the paint obeentact cFdakd By theletwtigrs 94
providing a distinct voltage for each of the four sash doors as shown.

The swi t chiwhichiesult ina pigrsldeing spplisdianceach of thecerids of epeloewitching nsanger of
adhesi ve 92 ag t he actcrat rr 94 i 5 adapted to begar ypon the swi tching neans
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provided wightseaGBiel B0 position indicating signals for two doors located in each

track. The circuitry that is used to accomplish the voltage generation is shown in FIG.

9 and includes one of these circuits for each track. The resistive element is shown at
84 and the conductive element 88 is also illustrated being connected to ground with
two arrows being illustrated, and represented the point of contact between the
resistive and conductive elements caused by each of the actuators 94 associated with
the two separate doors. The circuitry includes an operational amplifier 100 which has
its output connected to the base of a PNP transistor 102, the emitter of which is
connected to a source of positive voltage through resistor 104 into the negative input
of the operational amplifier, the positive input of which is also connected to a source
of positive voltage of preferably approximately five volts. The collector of the
transistor 102 is connected to one end of the resistive element 84 and has an output
line 106 on which the voltage is produced that is indicative of the position of the door.

The circuit operates to provide a constant current directed into the



-the four arrows illustrated represent the point of contact created by the
actuators 94 which result in a signal being applied on each of the ends of
each switching nmeans, with the magnitude of the signal representing a
voltage that is proportional to the distance between the end and the
nearest arrow. Thus, a single sw tchingga mechanism 80 is adapted to provide
position indicating signals for two doors |ocated in each track. The
circuitry idintiveelemient 84oaed tasphiredt refiftsviala wilegg dndigd 1081tHas isSHdper- N
FIG 9 and includes one of these circuits for each track. The resistive

el ement i stistmadvim thet reSidtannel value betwrbnche cellattemmdt grédnd whidlschanigesias ttrt ed
bei ng connected to ground with two arrows being illustrated, and
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The circuit operates to provide a constant current directed into the
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line 108 thoet dré placidoadjaedit one another in the manner shown in FIG. 10, the total

electrical schematic diagram of the fume hood controller 20 is illustrated. The
operation of the circuitry of FIGS. 10a through 10e will not be described in detail.
The circuitry is driven by a microprocessor and the important algorithms that carry
out the control functions of the controller will be hereinafter described. Referring to
FIG. 10c, the circuitry includes a Motorola MC 68HC11 microprocessor 120 which
is clocked at 8 MHz by a crystal 122, The microprocessor 120 has a databus 124 that
is connected to a tri-state buffer 126 (FIG. 10d) which in turn is connected to an
electrically programmable read only memory 128 that is also connected to the databus
124. The EPROM 128 has address lines AO through A7 connected to the tri-state
buffer 126 and also has address lines A8 through Al4 connected to the
microprocessor 120.

The circuitry includes a 3 to 8-bit multiplexer 130, a data latch 132 (see



-to the distance between the connected end of the resistance el enent 84 and
the point of contact that is made by the actuator 94 associated with the
ot her sash door in the track. Referring to the conposite

el ectrical schematic diagramof the circuitry of the fume hood controller,
if the separate drawings FIGS. 1Ca, 10Obs 1Cc, 10d and 10e are placed

adj acent one another in the manner shown in FIG 10, the total electrical
schemati ¢ BI@gtGd)) odigitabtd-analof oonvertentlBa] waichd® adapted taipiovidecthe ahlaibg
operation of the cwcwtrﬁy of FIGS. 10a thrr%agh 1Ce will not be described
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each of which is adapted to emit light along a discrete path along the floor of the fume

hood 60, which can be detected by a light detecting strip 144 located on the opposite
side of the fume hood. The detecting strip 144 preferably has a plurality of light
detecting devices 146, such as phototransistors that are adapted to detect the presence
of an object in between the detector and the light producing strip along a particular
path. In this regard, the light producing strip preferably comprises a plurality of light
producing devices, such as light emitting diodes that are directed toward specific
detectors 146 in the detecting strip 144. Thus, each of the plurality of light producing
devices 142 is associated with one of the light detecting devices 146 to define a light
circuit which is adapted to detect the presence or absence of an object along the path
of the light. The light detecting devices 146 are preferably identified so that if an
object is present in the fume hood, and one or more light circuits is broken, the
distance the object is located from the front of the fume hood can be determined.

Such determination of the location of objects can be used by the controller to control



-I'n accordance with an inportant aspect of the present invention, and
referring to FIG 6, the interior of the fume hood has sensing neans, which
in the preferred enbodi nent, includes at |east a |light producing strip 140
| ocated on one side of the interior of the funme hood 60 that have a
plurality of light emtting devices 14P6each of which is adapted to emt

| ight along a discrete path along the floor of the funme hood 60, which can
be det ect ethdiffow dfiaghthrelethetheifomediondp 144 | ocated on the opposite side of
the fume hood. The detecting strip 144 preferably has a plurality of |ight
det ecting devices 1481 keg nwgamﬁbhgxeoprqsnsﬁ mventionhat vestieallyt apieatedt tightet ect
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may be individually mounted to the walls of the fume hood. Also, the scope of the

present invention includes other types of circuits in addition to those described and
may include infrared radiation circuits, laser circuits, ultrasonic circuits and other
types of circuits. Moreover, the detection of objects on the floor, and even on shelves,
could be done by load cells or weight measuring devices such as is diagrammatically
shown at 152 in FIG. 6, if desired.

It should also be understood that the scope of the present invention may
include a video scanning means such as a CCD camera that may be mounted in or
outside of the fume hood, but in either case be adapted to view the inside of the fume
hood and acquire and analyze images of the inside of the fume hood. An image of an
empty fume hood can be stored and can be used for comparison purposes to determine
the existence of any work objects in the fume hood as well as the position of them if
they are present. Processing means can then compare the stored image of the empty

fume hood with subsequently acquired images and determine if work objects are
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.present on shelves that are comonly present in funme hoods. The I|ight
circuits should be positioned slightly above the position of each of the
shel ves and adapted to detect the presence or absence of even short objects
that may be present on the shel ves. O course, while the
preferred enbodi nent enploys |ight emzzing strips and |ight detecting
strips as described, it should be understood that the use of a strip is not
necessary, presestninche fismehootdi ght enitting devices and |ight detecting

devi ces may be individually npunted to the walls of the funme hood. Al so,
the scope of the pre¥diie anfrohof the ainlowdhrughitks fuyebeodtanche contrelled

addition to those desgri bed and include infrared_radiation circuits,
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t hrough the; d can be controlled in a variety of ways, one preferred
way is to S’é%%ggrpﬁtgl'flow to a value of approximtely 50% of the nom nal

average face vel oci t y; ik bisg!iaRRIREopR oF the hiesént invention that if the detecting
devices detect the absence of objects in the fume hood, that the controller reduce the
air flow to a minimum condition that may be only 10% to 20% of the nominal average
face velocity. While conceivably the flow could be reduced to zero, it is preferred
that some number of air changes be made, and the 10% to 20% value will accomplish
that.

From the foregoing description, it should be appreciated that an
improved controller has been shown and described which offers unique control of the
flow of air through a fume hood, in that it provides effective safety with respect to the
necessary flow of air through the fume hood, while conserving the flow under
particular detected conditions. The reduced flow results in economies associated with
conditioning replacement air that must be supplied to the room where the fume hoods
are located.

While various embodiments of the present invention have been shown

and described, it should be understood that various alternatives, substitutions and



about 2 inches of the back wall of the fume hood, with the nom nal face
vel ocity being that which would be used if the objects were within about 6
inches fromthe front of the fune hood. Control of the face velocity
between the 6 inches fromthe front position to the back can be
proportionally scaled. It is also prefasred that if a light circuit is
interrupted or broken for a |ocation that is closer than 6 inches fromthe
front of t(FEUFYEkNtH 68wl bettsed, and dheapresentiivetion BlRoulé lonP b imilEP 13! i ™ can
be audi o, vlsual %[ bot h. It is also within the scope oOf the
present i nVeRFSSRdqa8Evalents thereefi ecti ng devi ces detect the absence of
objects in the funme Rey that the . controller reduce the air flowto a

m ni mum condi ti on t hat % 5RO WFF@Q@%"@PHtaF@SﬂJWhMthg&ng ace
vel ocity. \Wdilf conceivably the flow could be reduced to zero, it is
preferred that some nunber of air changes be made, and the 10%to 20% val ue
w Il acconplish that. From the foregoi ng description, it
shoul d be appreciated that an inproved controller has been shown and
descri bed which offers unique control of the flow of air through a fune
hood, in that it provides effective safety with respect to the necessary
flow of air through the fune hood, whil-e conserving the flow under
particul ar detected conditions. The reduced flow results in econom es
associated with conditioning replacenent air that nust be supplied to the
room where the fume hoods are | ocated. Whi | e vari ous

enbodi nents of the present invention have been shown and described, it
shoul d be understood that various alternatives, substitutions and

18 equi val ents can be used, and the present invention should only be
limted by the «clains and equival ents thereof. Vari ous
features of the present invention are set forth in the follow ng



cl ai ns. 19 WHAT IS CLAI MED

| S Claim1l. Apparatus for controlling the air flow through a
fume hood of the type which has at | east one noveabl e sash door adapted to
cover the access opening, the fune hood being in communication with an
exhaust duct for expelling air and fung29 fromthe funme hood in an anount
that is neasured by the average face velocity primarily through the access
openi ng, sWHAPRICGLABMEINS: si ng: means for detecting a
work object within the interior of the fume hood and generating a signal
that indicates an abddai® lof Appatatusifpecensralling the aihfowithmugbaufume hood

e expel | LS e B G s A epst one n‘ic?v%t ﬁi" s'agﬂ%ot@,hggagteg%vggv;gg@;;@%; s
def d | a .d_Qbj ect t
odi act o SReRlE é}wﬁ@gaeiﬁ%eﬁ 4l Sk SR RhoT i oY RREE fri%u%ymgy

t d )
PﬁtSIer: gpeofatl %J%ég sal d rgﬁ‘ae{nl é,‘(’ﬂ‘gag sltrrrllé&?r&eean ﬁ’g&ﬁﬁ?‘%d to
gener at e swb&tygmhamﬁmr Mme%@b&islogenﬁl [ il bpbtatid bBﬁa?hgihgl

G aim 3. Apparatus as defined in cl n objec ect i ng neans

forns a plurality of madis&br@etectirrgcwwbﬂ(6Hjeﬁv@ﬁﬁnmﬁt&®rbﬁﬂf89ﬁﬁ@é héé®
presence of work objects and their distance fromthe access opening.

and generating a signal that indicates an absence of work objects within the fume
hood;

-

means responsive to said signal for confrolling the flow volume of air
that 1s expelled from the fume hood.

Claim 2. Apparatus as defined in claim 1 wherein said object
detecting means comprises a radiation emitting means and a radiation detecting means
strategically positioned to form at least one radiation circuit that canvasses the interior
of the fume hood, said radiation detecting means being adapted to generate said signal

when said radiation circuit is uninterrupted.

Claim 3. Apparatus as defined in claim 2 wherein object detecting
means forms a plurality of radiation circuits that are adapted to detect the presence of

work objects and their distance from the access opening.

Claim 4. Apparatus as defined in claim 3 wherein said radiation

emitting means comprises a light emitting diode.

g



-Claim4.. Apparatus as defined in claim3 wherein said radiation emtting
means conprises a light emtting diode.

20 Cl aim 5. Apparatus as defined in claim3 wherein said
radi ation em tting nmeans conprises an infrared radiati on produci ng neans.
Cl aim 6. Apparatus as defined in cl&0m 1 wherein said work object

detecting neans conprises a plurality of radiation circuits adapted to

det ect the presence @aiméi k oApparatus es defisedin ¢lakn Bowhermirsaitihedfatioe hood,
and one or npre additional radiation circuits adapted to detect the
presence GTMRKMSBRLEPWPrisesAtRiBredadiafion pipduang meapst t om of the fune
hood. Claim?7. Apparatus as defined in claim1 wherein
said work object detecting neans conprises a neans for detecting the weight

of work objects that res i ey f -h | d_wor k., obj, ect.
detecting neans geneq’lgirlﬁ g Sa%pg%%%%(}eﬁﬁgggbglﬁglgls’@{eggp&%w%ocbdgecti ng
means det | gan'}%h' LKk

Cl aim 8. %%gl at us gg&g@ﬁg %ﬁéaﬁlﬁfagﬁg?’?n’%‘_l‘aﬁg’r‘ tec:m%ﬁggggg%tgfletgtdeéee%tetg? i ng
nMeans ConpireséfoedT wbrkobjéuts TocRRABOBE Hoabh6f MR imeditbda Bnd bhe 38 Pidre beam
det ecti ng neans. Claim?9. Apparatus as defined in claim®é6
wher ei n sadditpénal eddistjonodircuits adapted to detect the presence of work objects located on

shelves above the bottom of the fume hood.

Claim 7. Apparatus as defined in claim 1 wherein said work object
detecting means comprises a means for detecting the weight of work objects that are
present in the fume hood, said work object detecting means generating said signal in
response to said weight detecting means detecting a weight above a predetermined
threshold.

Claim 8. Apparatus as defined in claim 1 wherein said object
detecting means comprises an ultrasonic beam generating means and an ultrasonic

beam detecting means.

Claim 9. Apparatus as defined in claim 6 wherein said plurality of
radiation circuits are adapted to determine the position of work objects relative to the
front of the fume hood and generate signals that are indicative of the position of the
work objects relative to the front of the fume hood, said controlling means being
adapted to reduce the flow volume of air from a nominal average face velocity to a
minimum average face velocity in proportion to the distance of the nearest work

object from the front of the fume hood.
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.radiation circuits are adapted to determne the position of work objects
relative to the front of the fune hood and generate signals that are
i ndi-cative of the position of the work objects relative to the front of the
fume hood, said controlling neans bei adapted to reduce the flow vol une
of air froma nom nal average face velocity to a m ninmum average face
velocity in proportion to the distance of the nearest work object fromthe
front of the fune hood. 21
Claim 10. Appar at usCh$mde, i ne.fjlp}baiat@haé definedig chiim Iswheteityald whileshject
detecting neans conprises a video canera adapted to capture a first inmage
of the i ntésteetingmenhs compeiséon srideot damera\edaptedisp eaprire hefiret imageeahthef or
storing said cap_tgred first irragﬂel, and means foy controlling said video
canera for¢eRRILPE e furaaihoodnur i%@é@kéﬁﬂe%ﬁ%ﬁﬂ%@%dfqm ##ieh said
First i mog QRS Tridge! S hOSab 6P oSfrSithe "Bid viRooShSert Bt cBpficipese™
additional images and comparing said images with said first image to determine the

location of any work objects that are present.
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