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. SPEED OF LABORATORY FUME HOOD - SASH OPENI NG MONI TOR" AND

| NDI CATOR The present invention relates generally to tf)’%
control of -the ventilation of |aboratory fune hoods, and nore particularly

to an apparatus for determi ning the speed of novenent of sash doors of such
fume hoods, and for '

SPEED OF LABORATORY FUME HOOD
SASH OPENING MONITOR AND INDICATOR

The present invention relates generally to the control of ‘the
ventilation of 1aboratory fume hoods, and more particularly to an apparatlis for
determining the speed of movement of sash doors of such fume hoods, and for
providing alarm signals responsive to the speed and possibly the direction of
movement of such sash doors. |

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 thereo_f |
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 th_at
the person will not be éxposed to them while performing work in the hood.

| _ Fume hood controllers which control the flow of air through the
enclos_ufe have become more sophisticated in recent years, and are now able to
mojxl'é"accurately maintain the desired flow characteristics to efficiently exhaust-the :
fumés from the enclosure as a function of the desired average face velocity of the
opening of the fume hood. The average face velocity is generally defined as the
flow of air into the fume hood per square foot of open face area of the fume hood,
with the size of the open face area being dependent upor'_x___the. pos__itiqn_ Of-.pt}(?;_ or

more moveable sash doors (often only referred fo as a “sash”) that afe provided on



“provi ding al arm signals responsive to the speed and possibly the direction
of nmpvenent of such sash doors. e o Fume hoods are utilized in
various | aboratory environnents for providing a Wwork place where

potential |l y dangerous chem cals are used, with the hoods conprising an
encl osur-e havi ng noveabl e doors at the fZont portion thereof which can be
opened in various anobunts to permt a person to gain access to the interior
of the enclo ' ' t Lke T '
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open face area being dependent upon the position of one or nore noveable

sash doors (otanfoldthat is éf demecbrinectes] to thedadividudl alucts ef prudtipleefime hoods,

and dampers may be provided in the individual ducts to control the flow from the

individual ducts to thereby modulate the flow to maintain the desired average face
velocity.

The sash doors of such fume hoods can be opened by raising them
vertically, often referred to as the sash position, or some fume hoods have a
number of doors that are mounted for sliding movement in typicélly two sets of
vertical tracks. There are even doors that can be moved horizontally and vertically,
with the tracks being mounted in a frame assembly that is vertically movable.

Regardless of the direction of movement of the sash doors, i.e.,
whether they open horizontally or vertically, the possibility of leakage of air ﬁ;om
the inside of the fume hood increases as a function of the speed of movement of
the sash doors during an opeging operation. Thus, it is highly desirable that the
sash doors be opened at a relatively moderate speed so that fumes from inside the
fume hood will not escape during an opening operation.

Accordingly, it is a primary object of _the present invention to provide
a sash opening monitoring apparatus for providing an alarm indication in the event
that a sash is being opened too rapidly. |

It is another object of the present invention to provide such a
monitoring .app_aratus which is easily implemented in systems that have sash
position sensors and processing means associated with the sash position sensors.

Another object of the present invéntion is to provide such a

monitoring apparatus that is adapted to provide either an audible and/or a visible



‘the front of the enclosure or fume hood, and in nost types of enclosures,

t he anbunt of bypass opening that is provided when.the door or door.s are

cl osed. The fune hoods are exhausted by an exhaust systemthat
i ncludes a blower that is capable of being driven at variable speeds to

i ncrease or- decrease the flowof air fr&nthe fune hood to conpensate for
the varying size of the opening or face. Alternatively, there may be a

si ngl e bl owe nifold that is in turn connected
to the indi v%lg?fgl gu%-:%g %&ﬁéﬁ?ﬁ%&?&ﬁiﬁ%ﬂhood& and danpers nay be provided
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thereby nodulate the flow to maintain_the desired average face velacity.
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FIG. 3 is a diagrammatic elevation of the front of a representative
fume hobd 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;
FIG. 5 is a cross section taken generally along the line 5-5 of FIG.
4; '
FIG. 6 is a diagrammatic elevation of the front of a representative
combination sash fume hood having horizontally and vertically operable sash doors;
FIG. 7 is an electrical schematic diagram of a plurality of door sash
position indicating switching means; _
FIG. 8 is a cross section of the door sash position switching means; -
FIG. 9 is a schematic diagram of electrical circuitry for determining
the position of sash doors of a fume hood; and .
FIG. 10 is a block diagram illustrating the relative positions of FIGS.
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, 'IOc,' 10d and 10e, which if connected together,

comprise the schematic diagram of the electrical circuitry for the fume hood



‘Accordingly, it is a primary object of the present inventi.on to provide a

. sash opening nonitoring apparatus for providing an alarmindication in the
event that a sash is being opened too rapidly. - It is another
obj ect of the present invention to provide such a nonitoring apparatus
which i's easily inplenmented in systens tfrat have sash position sensors and
processi ng neans associated with the sash position sensors.

Anot her obj eebnﬁsuélh&xe%@%ﬁmodyﬁwg%md presksit inveRfii de such a noni toring
apparatus that 1s adapted to provide either an audi ble and/or a visible
alarmif a sash is opened t.oo rapidly. These and ot her objects

w || becone apparent upon reading tEe f,EI I gvm ng detail ed description of the
present invention, while referring 1 drawi ngs, in which: :
'FIGURE 1 is a schemati I aar l?pg qQ ' Lnvention
shown integrated with ;It %@%ﬁggﬁgmgno %&ﬁ%g%ﬁ?‘ﬁ?ﬁ%‘%%&% Pﬁs

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 controlled at a predetermined rate that can vary, but which is generally.

. within the range of approximately 60 to 150 cubic feet per minute per square foot -
of effective surface area of the uncdvered opening. |

The controllers attempt to maintain an average face velocity even
during a transient condition, with the effectiveness being a function of the response
time of the system as well as other factors. One very significant factor is the speed
of movement of a sash door during opening thereof by a person who wishes to gam
access to the interior of the fume hood. If the sash door is rapidly opened, then
the system. has difficulty in maintaining an average face velocity because the
increase in the quantity of air required by the system is often beyond the supply
,capébilities so that it takes a few seconds for the system to return to the desired
average face veldcity condition. Also, rapid movement of the sash door will often
create a turbulent condition which will cause fumes from inside of the fume hood
to leak or spill out of the opening, which is quite undesirable.
Broadly stated, the present invention is directed to a sash door

opening monitor for a fume hood where the speed of movement of the sash door

during opening thereof is monitored and if too fast, creates an alarm condition.



» conditioning nonitoring and controel .system of a building; : FI G
2 is a block diagramof a funme hood controller, shown connected to-an
operator panel, the latter being shown in front el evation;.

FIG 3 is a diagrammatic elevation of the front of a representative fune
hood having a vertically operable sash ®Bloor, and a by-pass opening | ocated

?Eov;a th;a front face, . f FIG 4 is a diagranmatic el evation of
e front o r S ' . . | '
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FIG 10 is asﬁgﬁé%sdu@q' raent invehtieh, fui thBGedsdnathiay SastoSérisods are bn ihfSpral-
10a, 10b, 10c, 10d and 10e to one another, and which together conprise a

schemat i ¢ - dpayofitheontiul systent and the systenuiinclyddsgprocessing means dor @eneraginger
means enbodyi ng the present jnveption; - FIGS. 10a, 10b, 10c, .
10d and 10eCtonfpk signalscinfmaintaining anaverags, fse; welogity, conditinn, ; amang Hieh of

the electri %?rlcti%hs{ B%He({, c:iﬂxdtit1 & W&%ge that is available for detecting the speed

of movement of sash doors during opening and using the sensed position of the

sash doors over time to calculate the speed of movement of the doors.
As will be understood, the present invention is adapte_:d for use with
fume hoods having vertical doors, horizontal sash doors, as well as combinations
- thereof, and by virtue of the fact that the control system is adapted to calculate the
size of the uncovered opening of a sash door utilizing the position sensors of.the
various doors, it can be easily determined whether the doors are being opened or
closed. It is known that horizontal moving sash doors generally do not create a .
leakage condition as easily as vertically moving. sash doors. With vertical opening
doors, it has been found that if the sash door is opened at a speed that is
approximately one foot per second, then a leakage condition is usually ‘not
experienced. However, if the movement is ai)proximately 1.5 feet per second or
greater, then there is a tendency fqr a leakage condition to occur.
Turning 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 and a main contro! console 26. The fume hood controllers 20-are
interconnected with the room controller 22 and the main control console 26 in a
local area network illustrated by line 24 which may be a -multiconductor cable or
the like. The room controller and the main control console 26 are typically part

of the building main HVAC system in which the laboratory rooms containing.the



‘control | er means enbodyi ng the present I nventi on.

.Detail ed 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 fune hood,

i ncl-udi ng the portion of the opening tha® is not covered by one or nore
sash doors will have a relatively constant average face velocity of air
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150 cubic fe@iyPehc.SPubM 666 BiflltfhS ARBhation System (BAS) controller. The room
~ controller 22 is capable of communicating over the LAN lines 24. The room:
controller preferably is a System 600 BAS controller and is a commercially
available controller for which extensive documentation exists. The User Reference
Manual for the System 600 BAS controller is specifically incorporated by reference
herein.
“The room controller 22 receives signals via lines 23 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 an exhaust flow sensor 28 that provides an indication of
the volume of air that is being exhausted through the main exhaust system apart
from the fume hood exhausts. These signals coupled with a signal from a supply
flow sensor 29 which indicates the flow of air coming into the room enables the
room controller to calculate the difference of the total into the room and the total
flow being exhausted from the room and maintain a preset difference. This enables
the differential pressure within the room to be controlled at a slightly lower
pressure than a reference space outside the room, i.e., preferably within the range
of about 0.01 to about 0.1 inches of water, which results in the desirable lower
-pressure of the room relative to the reference space. However, it is not so low that
it prevents persons inside the laboratory room from opening the doors to escape in
the event of an emergency, particularly if the doors open outwardly from the ropm.'
Also, in the event the doors open inwardly, the differential pfessure will not be so
great that it will pull the door open due to excessive force being applied due to
such pressure. |

Referring to FIG. 2, a fume hood controller 20 is illustrated with its



«of effective surface area of the uncovered opening. : - The
controllers attenpt to maintain an average face velocity even during a
‘transient condition, with the effectiveness being a function of the
response tine of the systemas well as other factors. One very significant
factor-i-s the speed of novenent of a sash door during opening thereof by a
person who mﬁshes to gain access to the interior of the funme hood. If the
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operator panel has a connector 38, such as a 6 wire RJ11 type telep_hone jack for
example, into which a lap top personal computer or the like may be connected for
the purpose of inputting information relating to the configuration or operation of
the fume hood during initial installation, or to change certain operating parameters
if nécessary. The operator panel 34 is preferably mounted to the fume hood in a
convenient location adapted to be easily observed by a person who is working. with
the fume hood.

The fume hood controller operator panel 34 preferably includes a
liquid crystal -display 40, which when selectively activated, provides the visual
indication of various aspects of the operation of the fume hood, including three
digits 42 which provide the average face velocity. The display 40 illustrates other
conditions such as low face velocity, high face velocity and emergency condiﬁon
and an indication of controller failure. The operator panel may have an audible
horn 44 and an emergency purge switch 46 which an operator can press to purge
the fume hood in the 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 opefation. It is contempiated that night time mode of opération 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 is also preferably provided to
extinguish the hbm or visible élarm. )

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



‘The present ‘invention can be utilized in a fune hood control systemor in a
funme hood nonitor-system It is only necessary that there be sash position -
sensors provided and a processing neans for calculating velocity fromthe
detected sash positions. The present invention is particularly adapted for
a fume-hood control systemof the type & set forth-in US. Patent No.
5,470, 275, assigned to the sane assignee as the present invention, for the
reason that sasth deerssbeinganeveable nveetically, hrizonfallyher imobothodirestitnsm and t he

system i ncl udes processing neans_for_generating control signals faor
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first amount of movement of a sash door will increase the opening at the bottom

of the door shown in FIG. 3, for example, but as the door is raised, it will merely
cut off the by-pass opening so that the size of the total opening of the fume hood
is maintained relatively constant for pérhaps the first one-fourth amount of
movement of the sash door 62 through its course of travel and ignoring any effect
of a grille 65 which is provided to overlie the by-pass area.

Other types of fume hoods may include several horizontally moveable
sash doors 66 such as shown in FIGS. 4 and 5, with the doors being movable in
upper and lower pairs of adjacent tracks 68. When the doors are positioned 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.

Referring to FIG. 6, there is shown a combination fume hood which
has horizontally movable doors 76 which are similar to the doors 66, with the fume
hood 74 having a frame structure 78 which carries the doors 76 in suitable tracks

and the frame structure 78 is also vertically movable in the opening of the fume



diagramis shown of several funme hood controllers 20 interconnected with a
roomcontroller 22 and a main control console 26. The funme hood controllers
20 are interconnected with the roomcontroller 22 and the main control
console 26 in a |local area network illustrated by |line 24 which may be a
mul ti conductor cable or the like. The ro®mcantroller and the main control
.console 26 are typically part of the building nmain H/AC systemin which the

| abor at ory rdfgge.cont ai ni ng t he - _

6 fume hoods are located. The fume hood controllers 20 are provided w th
power ‘t hrough |ine 30, WhedHustsation wifdFly.0b drasvportions reimeved tasashciven rher tis2

or the like.
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is a comercially avail able controller for which extensive docunentation

exi sts. The UthereRsfgenenally a by-pass area which is identified as the vertical area 75, and-

there is typically a top lip portion 77 which may be approximately 2 inches wide.

This dimension is preferably defined so that its effect on the calculation of the

open face area can be taken into consideration.

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 confroller

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 into a common exhaust manifold which may be a part of the building

HVAC system. A fume hood may be a single self-contained installation and r-nay

have its own separate exhaust duct. In the event that a single fume hood is

installed, it is typical that such an installation would have a variable speed motor

driven blower associated with the exhaust duct'whereby the speed of the motor and

blower can be variably controlled to thereby adjust the flow of air through.the

fume hood. Alternatively, and most typically for multiple fume hoods in a single

area, the exhaust ducts of each fume hood are merged into one or more larger

exhaust manifoids and a single large blower may be provided in the manifold

system. In such types of installations, control of each fume hood is achieved by

means of separate dampers located in the exhaust duct of each fume hood, so that
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‘Manual for the System 600. BAS controller is specifically incorporated by
ref erence herein. : The room controller 22 receives signhals via
lines 23 fromeach of the fume hood controllers 20 that provides an anal og
i nput signal indicating the volunme of air that is being exhausted by each
of the fume hood controllers 20 and a c‘&n'par abl e- signal from an exhaust -
fl ow sensor 28 that provides an indicatjon of the volunme of air that is

bei ng exhaustastation budhre dloav panrbe cprizelied; byt anpraprately pesitioning the damner
exhausts. These..siognal.s couple | a signal froma supply flow sensor. 29
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a slightly |l ower, pressure_than a reference space_ outside the room i.e.,
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great that it will pull the door open due to excessive force being applied

due to such gxhausudamper as previously duscribed.nbut it alsochap an anplog-volsage output

control [ er 2;901-': for éclnlﬁ?oﬁfir?é g%a‘ﬁ“a“é s'ptegd 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 imrt '
provided for connection to an exhaust é.ir 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 where the exhaust air flow sensor is not provided, a
wall velocity sensor indicative of face velocity may be utilized and an input port -
for such a signal is provided, but the use of such sensors is generally considered
to be less accurate and is not the prefe;red embodiment. With these various input
and output ports, virtually any type of fume hood can be controlled in an effective
and efficient manner.

To determine the position of the sash doors, a sash position sensor.is
provided adjacent each movable sash door and it is generally illustrated in FIGS.
7, 8 and 9. Referring to FIG. 8, the door sash position sensor comprises an
elongated switch mechanism 80 of relatively simple mechanical design which
préferably consists of a relatively thin polyester base layer 82 upon which is printed
a strip of electrically resistive ink 84 of a known constant resistance per unit

length.  Another polyester base layer 86 is provided and it has a strip of electrically



i nput and out put connector ports being identified, and the funme hood
controller 20 is connected to an operator panel 34. It should be understood
t hat each funme hood will have a fune hood controller 20 and that an
operator panel will be provided with each fume hood controller. The
operat or- panel 34 is provided for each 'Yf the funme hoods and it is
interconnected with the fume hood controller 20 by a |line 36 which
preferably c&opdanetdee anknddt pnefsdd@n:tlbr Thepwo hase lagews; @?htanécﬁﬁjm @dbgsivabr

6 t
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‘to change cerhitknamptheabeads qrerappeoxinmtelly taesthoasandthsTofan ieclatitickpaith ths
Is preferably nmounted to the funme hood in a convenient |ocation adapted to

be easily ob prayjdiagpespased.area ibgtmmmﬂwgmd ﬂwfh@nd genistivsolayers 88 and

The fune hoo rol Ler. operat ot 34. er Lude qui,d
crystal di spidy B StrichineinediSist 30 % arsfebl daligtto BROBIE Bopd SR e
I ndi cation ofjwﬁg% gppects of the operation of the fune hood, i ncl udi ng
three digits I ch prOV|de t he aver age face velocity. The dlsplay 40

illustrates other. 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 therefore provides an electrical voltage that is indicative
of the position of the sash door.

The actuator 94 is preferably spring biased toward the switching
mechanism 80 so that as the door is moved, sufficient pressure is applied to the
switching means to bring the two base layers together 50 that the resistive and
conductive layers make electrical contﬁct with one another and if this is done, the
voltage level is provided. By having the switching means 80 of sufficient lerigth
so that the full extent of the travel of the sash door is provided as shown in FIG.

'3, then an accurate determination of the sash position can be made.

It should be understood that the illustration of the switching
mechanism 80 in FIGS. 3 and 5 is intended to be diagrammatic, in that the
switching mechanism is preferably actually located within the sash frame itself ‘and
accordingly would not be.visiblé as shown. The width and thickness dimensions

of the switching mechanism are so small that there is little interference with the



conditions such as low face velocity, high face velocity and energency
condition and an indication of controller failure.-The operator panel may
have an audi bl e horn 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 sw tches 48 whi & can-be used for various customer
needs, including day/ni ght nodes of operation. It is contenplated that

ni ght time meperasionoplethgtsash daoy| dhe spmator f4 ez alse berplagedinepamnall holk, that
average face vel oci presunmabl y because ng one d be rking i he
area and sucH® | SMI"Q\}& ﬁéa"?'hg%or Figé??)&gﬁ&gtlaﬁﬁ%g ;%&m"e!&ﬂé?ﬁg Fnﬁﬁhsﬁegf m
silence swi t Gy i it aR BOINPRURIARI Yodae@ the atitoR 80K Ior ! FeibAIEmOPEALI sash
vi si bl e alarm Fune hoods cone in many different styles, sizes
and confi gur aldorsshowncinuFIGS. 3 lande6,vd switchmgemechanigned® és preferably previded

nunber of sash doors, with the ) sash doors bei ng noveabl e y
vertical ly, Horonoerdheyotber of thetsides pEdke sash frame, whereas inpthecfume, doods

S A OB ol iAo

be placed in the top of the tracks 68 so that the switching mechanism 80 is out of

®)

“the operator’s way.

Turning 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 which carries twd sash doors and a switching mechanism 80 is provided
for each of the tracks as is a circuit as shown in FIG. 9, thereby providing a
distinct voltage for each of the four sash doors as shown. | |

The switchihg means is preferably applied to the fume hood with a
layer of adhesive 92 and the actuator 94 is adapted to bear upon the switching
means at locations along the length thereof. Referring to FIG. 7, a diagrammatic
illustration of a pair of switching means is illustrated such as may occur with
respect to the two tracks shown in FIG. 5. A switching mechanism 80 is provided
with each track and the four arrows illﬁstrated 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 means, with the magnitude of the signal representing a volta_ge that
is proportional to the distance between the end and the nearest arrow. Thus, a -

| single switching mechanism 80 is adapted to provide position indicating signals for
two doors located in each frack. 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



.access to the funme hood and whi ch can be noved to the substantially closed
position as shown. Fune hoods are generally designed so that even when a
door sash such as door sash 62 is conpletely closed, there is still sone
amount of opening into the fume hood, such as opening 63, through which air
can pass. This opening 63 is generally‘%eferred to as the by-pass area and
it can be determned so that its effect can be taken into consideration in
control I'ing képsrebémed Ghepdint BF Tonbrt HerRedipdie ré&¥istive ¥AG Scodldutive dlanests
have a by-pass opening that is |l ocated above the door sash while others are
bel ow t he samausedbyoeach ofithenariuators Hé assqoiated rwith tthe tworeparate dobrsa Theh
door will increase th eni ng at. t he bot.t.om t he or. sho i n_Fl 3,
for exanple, CHﬁPﬁ%l ﬁg‘?%bﬁ? o%graﬁlgpgga@pilhewlﬁb ‘ﬁgpgldﬁasc‘ﬁ OB%ttcﬁémﬁ ed o

opening so t | PRPfrahdl I ; W p i
mai nt ai ned re a?%g\%e tf/é'const ant ﬁfé?b%b}l%;%giﬁe&;vp@ ifgne- gﬂ?tqhtbgarr%%%rtceo?f
novenent of pbgitmstaold%e tirdugh rresistori 103t dmtorthe ndgativevislputiod thgneperagonaly
effect of a grille 65 which is provided to overlie the by-pass area. .

O her types emplifier, Hbedeositive input nfewhioheisaalso monneeted| toya souregbo £ pesitive

d 66 h h ' | GS. 4, 5 ith t d bei ble i

upper and | oNBRagRPF Bresrrably; SRpmnAiey Evasyoltyn et Slcrigh el hearuaustor dhea
as: shown i n Kl G20 Sne LIE of 4HE 8180 cOBiIOR0 si ook &4 Bl IARef6
an operator may nove the doors In € nori zonta Irection to“galn access

to the fune kefich tRowaltage idhprdduced thatdd indicative of4hé pusition cPdhauddorduct 70
_Which generally extends fo an exhaust system which may be that of the HVAC
appar at us previ ousl y déElke icreuit operates to provideess constant cwrrert @irested fimtoethies

shown a conbi natj on .fune od ich has hqrizontall nov.abl gors, 76 which
are simlar f‘?ﬁ?ﬁdﬁ’é qjggpgt glgan §, cuyyent; ts i%l a voita € on l?ne ng thatsis propor-

tional to the resistance value between the collector and ground which changes as

the nearest point of .contact along the resistance changes. The operational amplifier
operates to attempt to drive the negative input to equal the voltage level on the
positive input and this results in the current applied at the output of the operational
amplifier varying in direct proportion to the effective length ‘of the resistance strip
84. The lower portion of the circuitry operates the same way as that which has
been described and it similarly produces a voltage on an output line 108 that is
_pfoportional to the distance between the connected end of the resistance element
84 and the point of contact that is made by the actuator 94 associated with the
other sash door in the track. |

Referring to the composite electrical schematic diagram of the
circu_il;'y of the fume hood controller, if the separate drawings FIGS. 10a, 10b, 10c,
10d and 10e are placed adjacent 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 68HCI11 microprocessor 120



- hood 74 having a franme structure 78 which carries the doors 76 in suitable
tracks and the frame structure 78 is also vertically novable in the opening
of the fune S ' 9 hood.

The illustration of FIG 6 has portionﬁ+rennved as shown by the break lines
73 which is intended to illustrate that'the height of the fune hood may be
greater than is otherwi se shown so that the frane structure-78 may -be
rai sed suffivhiehtisyclbokexbani8 MHzobpta caystals$22.0 The mivrepiogessor 120 Hasne

o o ek 1o ' o BB VG A
TRy, 02, 200 BBl o MRS B ROty b 0l iy S0
Con1 4t 1 Bonce i TS, Th BERON 28kt s ko a7
noveabl e sasiondected toothiet tribstate huffer d26 andealso dtasexdda¢ssniineshA8vwihtohigivfAlhe
fume hood op e ected 1o the microproosssor 120. o

| The circuitry includes a 3 to 8-bit multiplexer 130, a data latch 132 -
(see FIG. 10d), a digital-to-analog converter 134, which is adapted to provide the
analog outputs indicative 6f the volume of air being exhausted by the fume hood,
which information is provided to room controller 22 as has been previously
described with respect to FIG. 2. Referring to FIG. 10b, an RS232 driver 136 is
provided for transmitting and receiving information through the hand held terminal.
The circuitry illustrated in FIG. 9 is also shown in the overall schematic diagrams
and is in FIG§. 10a and 10b. The other components are well known and therefore
need not be otherwise described.

As previously mentiOned,. the monitoring apparatus of the present
ihvcntion is particularly adapted to be incorporated in a fume hood controller of
the type disclosed in U.S. Patent 5,470,275 and in that regard, the specification and
drawings relating to that patent are speciﬁcé.lly incorporated by reference herein.
One of the significant advantages of the pfesent invention is that the controller
executes its control scheme in a rebetitive and extremely rapid manner. ."I‘he
microprocessor samples flow signal information as well as sash door position
signals at a speed of approximately one sample per 100 milliscco—rlds during
operation. The result is that rapid reéponsive control action is accomplished as is
desired. Also, by virtue of the speed of sampling of the sash positions, it is
possible to éalculate the speed of movement of the sashes as they are moved by an
operator with extreme accuracy.  Also, because of the frequent sampling, the

presence of any movement is immediately detected and the speed of movement can

be calculated by the microprocessor 120. It should be realized that with the fast



. sash doors being vertically noveable in adjacent ‘tracks, nuch the sane as
residential casenent .w ndows. . I n accordance with an inportant
aspect of the fume hood controller 20, it is adapted to operate the fuhe
hoods of various sizes and configurations as has been described, and it is
al so adapted to be incorporated into dslaboratory'roon1mhere several fune
hoods may be | ocated and whi ch may have exhaust ducts which nmerge into a
common exhaudeckpresenslin thairicreprpceisos, therspeed of aoyamenti ofgany/ssshs deor gan A

fume hood Lmgl. | f - t ghhed.i.-nst al.l atq V..have its o
epar at o oxikpioRed Yiffugfy uiRR: 20RRuLEERYr < 1 AR ol e depatd”
it 1s typic il | I 'Qﬁ,rﬁ@ [ '

driven bl owe e{gggci at ede'zi‘l\?vio'lﬁf %s%aﬁtel (?)?ﬁaust _d{l}gto Bg\ihﬁgrgggiﬁg) Eghglgtéi%gg&a?ﬁ%%
not or and blopeedetermined\alugbwhiclois approxiimately by fiey pedjsesond.helff dpening

air through.the fumre hood. Alternatively, and nost typically for, nultiple
fume hoods isPegdsehhgavemeny of e sasthgqhalguer sxeeds Anproximatebod - arfechdeged

' I h ' d d inal e .l arge bl b
orovi ged | n Phesdin G FGRIROrSRRE LE0NRORR ol olialsRA e Gt Sy
each fune hopdahdibRCHaAYCY \Hﬁ’ib[@ﬁﬂﬁmﬁ&i p6har ate danpers located in the

a

exhaust duct of each fune hood, so t _
It is preferred that an alarm be an intermittent alarm sound via the

alarm 44 which will alert the operator to slow the movement of the sash door
during its opening. Alternatively, it may be desirable to illuminate one or more of
the visible display characters on the operator panel 34 by blinking them.

It is also within the scope of the present invention that the issuance
of the alarm signal may be used to activate a braking force to the sash to slow.the
movement of the same. The braking force may comprise a pressure applying pad
to a surface of the sash, with the pad being connected to a solenoid that is
energized by the alarm signal.

It should be understood that with multiple sash doors, movement of
any one door can have the effect of increasing or decreasing the uncovered size of
the opening, and therefore the calculation of the uncovered size of the opening
must be made to determine if the movement is increasing the size of the opening
or not. However, for multiple sash door fume hoods, it is within the scope of the
present invention to generate an alarm whenever one of the doors is moved at a
fast speed even if the size of the opening is not increasing.

From the fore;going detailed description, it should b¢ appreciated that
a fume hood controller has been shown and described that hz;ls superior capabilities
in being able- to accurately monitor the speed of movement of one or rﬂore sash
doors of a laboratory fume hood, and generate an alarm if the speed of mqven;ent
equals or exceeds a predetermined value. The alarm alerts an operator that the

opening of the sash door should be slowed to minimize the possibility of creating



.10 variation in the flow can be controll ed by appropriately positioning

t he danper associated with each fume hood. The fune hood
controller is adapted to control virtually any of the various kinds and
styles of fune hoods that are comerciglly available, and toe this end, it
has a-nunmber of input and output ports—(lines, connectors or connections,

all considered to be equival ent herein) that can be connected to various
sensors thatg l@ikabe cendftiod.t h the controller. As shown in FIG 2, it has
digital output or DO ports which interface with a digital signal/analog
pressure transducer w Whilmvaridusi.embatiments ofsthe present: itwentien have bden shownt

I T T
sensor_porScA8TaBE L BESHASHId BRI IASER Rt bAEPLE ATy e

for connecti gRithe aRd @ﬁb@lgﬁtsqhéreﬁf;ow sensor 49. A digital input port for
the emergency switch i's provided and.digital output ports for outputting an

al arm horn signal as wMarioas features of theapresentgnuéntion greset florth intheafodlowing
vol tage output, port is also provided, for providing a volume of flow signal
to the room@8HB$ol ler 22. In certain applications where the exhaust air

fl ow sensor is not- provided, a wall velocity sensor indicative of face
velocity may be utilized and an i nput port for such a signal is provided,
but the use of such sensors is generally considered to be | ess accurate and
is not the preferred enbodinent. Wth these various input and output ports,
“virtually any type of fume hood can be controlled in an effective and
efficient manner. '



- To det e the position of the sash doors, a-sash position sensor is
provi %@% ’I nmovabl e sash .door and it is generally illustrated in
FI GS. E@ rring to FIG 8, the door sash position sensor
conprises an elongate swi'tch mechani sm,80 of relatively sinple nechanical
design which preferably consists of a rélatively thin polyester base |ayer
82 upon which is printed a strip of electrically resistive ink 84 of a
known const aWHAGSISICIDAEMIBD I8nit | ength. Anot her pol yester base | ayer 86
is provided and it has a strlp of electrically conductive ink 88
printed on it. The two a@@ |af@p§r4§2s;ﬁads@ran@nsdﬁh@ssmﬂy0ﬁ)m§mm afrat
anot her by

The base | ayifast ane e BOL X TusstaieRi e, Rbod BEhG 1Fuf aPnghasl A aftes”
thick and tg@&g?g%@?%@ﬁ%@&h&gﬁﬂ%& aﬁl@%ﬁ ?&cpio RRE iR Of: the

with the be ng a spaced area between the Conductive and resistive

|l ayers 88 angpédiing Bseheviuinehhowl sashhdoursis fibved, saidappadatys egmprisighgt 0 t he
fume hood by a Iayer of adhesive 92. The pol yester material is

sufficiently flexible meassafsiredeiecting:she position of each moveable sash door and.
generating a position signal that is indicative of the sash door position;

means responsive to said position signals for calculating the speed of
movement of said sash door and for generating an alarm signal in response to said

calculated .spéed exceeding a predetermined value.

Claim 2.  Apparatus as defined in claim 1 wherein said position
signal responsive means comprises processing means adapted to calculate sash door

movement velocity utilizing changes in said detected position.

_ Claim 3. Apparatus as defined in claim 2 wherein said processing
means is adapted to calculate the direction of said sash door movement velocity
_ ar_1d to generate said alarm signal in response to said calculated speed exceeding a

predetermined value in an opening direction.

Claim 4. Apparatus as defined in claim 1 further including means

for generating an alarm in response to said alarm signal being generated.

Claim 5. Apparatus as defined in claim 4 wherein said alarm is

an audiblé alarm.

Claim 6. Apparatus as defined in claim 4 wherein said alarm is

a visual alarm.



- bé& noved Toward the other so that contact is nade in response to a :
pref ' hased actuator 94 carried by the appropriate sash door
townﬁu’lmnﬁmﬁ}{nls pl aced adjacent to so that when the sash door is
noved, e aet uatof 94 noves al ong tt]g swi t chi ng nechani sm 80 and provi des

contact between the resistive and conductive |ayers which are then sensed

by electrical circuitry to be described I ¢h provi des, a voltage_ output
that is indicative ofCkim hosi tfBRargtus %Y\Igﬁé'@?fgtfbi;layﬂ 4 Mrsgein Raid alamm, isf
the sw tching peans. Stlated in other words, the actuator 94 is carried by

t he door aﬁ&%%ﬁﬁ?teamvi des an electrical voltage that is indicative of

the position of the sash door. The actuator 94 is preferably

spring biased toward the switching nmechanism 80 so that as the door is
nmoved, sufficient preShimes.is apAppartus dor ontreilinghianflome zostrob means) fohe
two base |l ayers together so that the resjstive and conduct{ive ] ayers nmake

el ectri cal contoliog the air fow throughea fume hood fo mamtain,a predetermined ANerags o

i s provide By havi ng the switchin ns. 8 fe. sUff1 Gi at
the ful | ofeenvelRiyBrorh B etuRbCRRRA &iract buorihgdie A RIRERGR OFT
3, then an f'ﬂ‘% ' ' | ddapfedc®cdierBecopenin,

It should 6@53’?15 erstl(ggggt Eaa@tkhgﬁ?ﬁ%‘g@g??# %@?tdﬁgﬁgw tching mecr?ani sgm 80
in FIGS. 3 agnHe furme Hoot saste doboistmoded,ghe fume ihopd ibeitghint communication rgith
mechanismis preferably actual|ly located within the sash fqr’ffrre-_i tself and
accor di ngl ymexhaiish duchéonexpalling air and dhmesHeom; the fumieaheod, Said apparatus

di mensions of the switching nechanismare so small that there is little

i nt er f er enCORRHHEhe

means for determining the position of each of said sash doors and

generating signals indicative thereof; |
| processing means for determining the size of the uncovered face

opening responsive to said generated position signals; |

said processing means calculating the size of said opening and
determining whether the size is increasing in response to movement of at least one
of said sash doors; '

said processing means calculating the speed of movement of said sash
doors and generating an alarm signal when said calculated speed exceeds a

predetermined value.

Claim 9. Apparatus as defined in claim 8 wherein said processing
means generates said alarm signal when said calculated sf)eed exceeds said
predetermined value and said detected movement increases the uncovered size of

said opening.

Claim 10. - Apparatus as defined in claim 8 further including means

for generating an alarm in response to said alarm signal being generated.



operation of the sash door. The actuator 94 can also be placed in a snmall

hoI |l ed in the sash door or it nmay be -attached externally
ammﬂmmﬁmﬁll that it can be in position to operate the sw tch 80.
thee \erti cal soveabl e sash doors shown in FIGS. 3 and 6, a switching
nechanlsn180 is preferably provided-in one or the ot her of the sides of the

sash frane, whereas ip, the_ fume hoods havi hqr,i zont al | nnyable doors it
is preferred that the 5“Fl&L1ngAﬂ¥Eﬁ§H$§ﬁl ngd in claigy 8 whenein said a ﬁ"ﬂhé
tracks 68 %&%{}ﬁg wi t chi ng nmechanism 80 is out of the operator's way.
Turning to € preferred electrical circuitry which generates the
position indicating voltage is illustrated, and this circuitry is adapted

to provide two separate voltages i ndi cating the position of two sash doors
in a single track. WChimetdect Apparadius as slefined dn ictains R ovherein salaalanntlhere
are two horizoqgtal .tracks, each of which carries two sash doors and a

swi.t chi ng r?eﬁﬁ![;ﬂ is provided for each of the tracks as is a circuit
as. shown in FIG 9, thereby providing a distinct voltage for each of the
four sash doors as shown. ' The switching nmeans is preferably
applied to the fune hQREmM3h aAlppapit©bs Wdhiasd i RAmRRUvhérRimSiidadlafmIé | S
adapted to bear upon the switching nmeans at |ocations along the length _

t her eof . RahAtermiftentto FIG 7, a diagrammatic -



dllustration of a pair of switching neans is illustrated such as may occur
wWth respect to the two tracks shown in FIG 5. A.switching nechanism80 is
provided with each track and the four arrows illustrated represent the
poi nt of contact created by the actuatqQrs 94 which result in a signal being
appl i ed .on each of the ends of each sw“Tching neans, wth the magnitude of
the signal representing a vgltage that is proportional éE tHe di st ance
between the end and the neaVeZEDPFolxf TQRY; FHIV i ng mechani sm
80.is adapted to provi de P8 VNG IMONEIQRaANIS INDIGAS MO 0r s | ocat ed -
in each track. The circuitry that is used to acconplish the voltage
generation is shown in FIG 9 and includes.one of these circuits for each
track. The resistive elenent is s nductive el enent 88

t 1
lustrated ang oo MbraBHRC R obfomhs i smecldrnifrdhédti: At ope sash

resistive and i h
associated w g{iﬁ&?%g%i &%\%@Em‘%quﬁé@?‘?‘c lﬂer I ggﬁjg@g@g%ng%fa sash
oper ational adpér ikidetectéiDamhan hldiassighal i Wepetatetbifithe spetd! of invvehrme extedds

PNP transistor 102, the emtter of which is connected to a source of
a predetermined value while increasing the size of the uncovered opening of the

fume hood.
THIS SHEET HAS BEEN
—_— REPLACED
This Sheet 4 -
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.positive voltage through resistor 104 into the negative input of the
operational anplifier, the positive input of which is also connected to a
source of positive voltage of preferably approxinately five volts. The
collector of the transistor 102 is connected to one end of the resistive

el ement 84 and has an output |ine 106 Hh whi ch the voltage is produced that
‘is indicative of the position of the door. The circuit
operates to provide a constant current directed into the resistive el enent
84 and this current results in a voltage on line 106 that is propor- tional
to the resistance val ue between the collector and ground whi ch changes as
the nearest point of contact along the resistance changes. The operational
anplifier operates to attenpt to drive the negative input to equal the
voltage level on the positive input and this results in the current applied
at the output of the operational anplifier varying in direct proportion to
the effective length of the resistance strip 84. The | ower portion of the
circuitry operates the sane way as that which has been described and it
simlarly produces a voltage on an output line 108 that is proportional to
t he di stance between the connected end of the resistance el enment 84 and the
point of contact that is made by the actuator 94 associated with the other
sash door in the track. Referring to theeto | ectrical
schematic diagramof the circuitry of the funme hood coft N t he
separate draw ngs FI GS. 10a 10b, 10c, 10d} and 10e are pl
anot her in the manner FIG 10, the total
di agram of the fumashgod gpﬂg oller 20 is jllustrated. Th
circuitry of FIGS. Y04 &&o@l 10e will nof be degcrf bed The
circuitry is driven b E@g processor ang the igpd'tant thns t hat
carry out the control {fuun® Qojs ofd:he con:roller.vm:I bebherel nafter
descri bed. Referring N\ TT
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.to FIG 10c, the circuitry includes a Mdtorola MC 68HCL1 m croprocessor 120
14 which is clocked at 8 MHz by a crystal - 122. The mi croprocessor 120 has
a databus 124 that is connected to a tri-state buffer 126 (FIG 10d) which
in turn is connected to an eIectricaJL%égrogrannable read only nenory 128

that is-al so connected to the databus 2. The EPROM 128 has address |ines
A0 through A7 connected to the tri-state buffer 126 and al so has address
| i nes A8 through Al4 connected to the m croprocessor 120. - The

circuitry includes a 3 to 8-bit nultiplexer 130, a data latch 132 (see-FIG
10d), a digital-to-analog converter 134, which is adapted to provide the
anal og outputs indicative of the volune of air being exhausted by the fune
. hood, which information is provided to roomcontroller 22 as has been

previ ously described with respect to FIG 2. Referring to FIG 10b, an
RS232 driver 136 is provided for transmtting and receiving information

through the hand held termnal . The CiTCUIITY TIAOStraged rn FIG 9 g al so
shown in the overall schematic [difagr ' n-tl GS.| 10a anf 1Qb. The
ot her components are wel |l know{ gnd EFE}ET ET /~ 0
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. need not be otherw se descri bed. As previously nmentioned, the
nonitoring apparatus of the present invention is particularly adapted to be
i ncorporated in a funme hood controller of the type disclosed in U S. Patent
5,470,275 and.in that regard, the spegification and drawi ngs relating to
that patent are specifically incorpor d by reference herein. One of the
significant advantages of the present invention is that the controller
executes its control schene in a repetitive and extrenely rapid manner. The
m croprocessor sanples flow signal information as well as sash door '
position signals at a speed of approximately one sanple per 100
mlliseconds during operation. The result is that rapid responsive control
"action is acconplished as is desired. Al so, by virtue of the speed of
sanpling of the sash positions, it is possible to calculate the speed of
noverment of the sqé-heﬂayhe are noved by an operator Intg xtyfeme
accuracy. Al se; t frequent sanpling; e any
novenent is inmediately detected and the speed of novenent can be

cal cul ated by the ggcropraessa@0 120." It should be reglized 49at wiedh t he
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-cl ock present in the mcroprocessor, the speed of novenent of any sash door
can be calculated virtually within 200 mlliseconds. It is preferred that

t he sensed speed of novenent of a sash door during an opening thereof wll
be conpared to a predeterm ned val ue, ich is approximately 1.5 feet per
second: -1f opening speed of novenent éf‘lt he sash -equal s or exceeds

approximately 1.5 feet per second, then the m croprocessor 120 will issue
an alarmsignal for creating ei ther an audible al arm a visible alarmor
bot h. It is preferred that an alarmbe an intermttent alarm

sound via the alarm 44 which will alert the operator to slow the novenent
of the sash door during its opening. Alternatively, it may be desirable to
illum nate one or nore of the visible display characters on:the operator
panel 34 by blinking them mw in the scope of the
present invention that the issuance af t I gal may be used to
activate a braking force to the sash to slow th@gmvement of the sane. The
braki ng force may. conpg|§,¢A93pressure ap _-= to a surfg@q{mq_f t he
sash, with the pad bei ng cerrecyy v ANG IWANAL] by the

al arm si gnal . TRACKB |t shaul d be under stood+t hat Wi t,h—-+’®8t| pl e sash
doors, novenent of any oeg door can have The effect of I NCT eaSE=REOMMON
decr easi ng the uncoMg @ AS! Z€ oF the opqnl ng, -and Theref,pre The cal cul ation
of the uncovered size of the—epy ¢ QAN NN davewwiree—-f t he
noverrent is increasi ngSIG¥ALize of the opgﬁn ng or not Howe VRIGNALG?

mul ti pl e sash door fume hoods, i9*is withi®Q@he scope of the present
invention to generate an al arm whenever one of the doors is noved at a fast
speed even if the size of the opening is not increasing. From

t he foregoing detail ed description, i tmag eci ated t hat
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.a fume hood controller has been shown and descri bed that has superior
capabilities in being able to accurately nonitor the speed of novenent of
one or nore sash doors of a |laboratory fune hood, and generate an alarmif
t he speed of novenent equal s or exceegs a predeterm ned value. The alarm

al erts- an operator that the opening o /ﬁhe sash door should be slowed to
mnimze the possibility of creating a | eakage condition

Wi | e various enbodi nents of the present invention have been shown and
described, it should be understood that various alternatives, substitutions

and equi val ent's can be used, angffh pr t 2g%g?ion shoul d only be
limted by the clains and equ#v&FEﬁgg;F§§720Jr Vari ous

" features of the present invention are set forth_i foll owi ng clains.
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- WHAT IS CLAIMED | S: Claim1. Apparatus for determning the
speed of novenent of at |east one sash door.of a |aboratory.fune hood of
the type which has an access opening and at | east one noveabl e sash door
‘adapted to vary the size of the opening as the fume hood sash door is

noved; :sai d apparatus conpri sing: 9 means for detecting the
position of each noveabl e sash door and. generating a position signal that
is indicative of the sash door position; ‘means responsive to
said position signals for calculati. 32 ment of said sash
door and for generating an al arm.si ' po said cal cul ated

speed exceedi ng a predeterm ned val ue. Caim 2. Appar at us

“as defined in claim1 whef®in said pogrtion—sigret-MWaspdilsi ve nmeans

conpri ses processing nean%o%dapted to|cal c $ash door novenent velocity
utilizing changes in said ¢gletected pogitio#- :
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- Clai'm’3. Apparatus as defined in claim2 wherein said processing nmeans is
adapted to calculate the direction of said sash door novenent velocity and
to generate said alarmsignal in response to said cal cul ated speed
exceeding a predeterm ned value in anggpeni ng direction.

I

Claim4. Appar-?t:us = ?&f m 1 further including neans for
generati ng E—ng‘on sai d al ar Y i gnal _bei ng gener gitad.
Cl ai m 5. Appar atus as defined T caim ¢ i s Jad2dudli bl e
al arm Claim 6.

3r atl 4 better e n
said alarmis a visual alarm :
_ : 7
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CIéim?.

“fl ow control

Apparatus as defined iin claim4 whereln said alarmis an
intermttent alarm

Cl ai m 8.

mai ntain a predeterm ned average fac
of a face opening of a fume hood of
noveabl e sash door adapted to cover the openi ng as the fune hood sash door

i's noved,

expelling air and funes f
neans for determ ning the
generating signals indicatrve thereof

Appar atus for controlling a
means for controlling the air flow through a funme hood to

el ocity through an uncovered portion
| east one

8 type which has at

the fune hood bei ng |n com‘rum cation with an exhaust duct for

Qod, said apparatus co
%’of sqf

gener at ed posTTion srgnars,

sal d proceSS|ng nmeans calculatlng

the size of said opening and detfggihimi ng whether the size is incr ing in
response to nove of at 3 Fast ong offi2&ai d sash doors; WS A
processi ng ans=c j t he spe= d oLom)vement of said gv:h dode& and
generating nen sai{ sbal ayated—speed—exceetg|a
pr edet er m ng UE- 7| 74HC [§ A2 8
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; Claim9. Apparatus as defined in claim8 wherein said processing neans
- generates said alarmsignal when said cal cul ated speed exceeds said
predet erm ned val ue and sai d detected novenent increases the uncovered size
of said opening. Caigyp,10. Apparatus as defined in claim8
‘further including neans for generati 6‘lan alarmin response to said alarm

si gnal bei ng generat ed. :ZL Z Appar atus as
defined in claim8 wherein said alm r—L3 gjdl arm
Claim.1l2. Apparatus as defined in,glaim8 wherein said al armls a

visible alarm %
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'd di'm13. Apparatus as defined in claim8 wherein.said alarmi
intermttent. : : :
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- SPEED OF LABORATORY FUME HOOD
SASH OPENING MONITOR AND INDICATOR

Abstract of the Disclosure
Apparatus for monitoring the -speed of movement of at least one sash
door of a laboratory fume hood is disclosed. The speed of movement of a sash
door is detected and.an alarm signal is generated if the sbeed of movement exceeds
a predetermined value while increasing the size of the uncovered opening of the
fume hood. |

Figure 3
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