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OPTICAL DIRTY CELL SENSOR FOR AN

ELECTRONIC AIR CLEANER
BACKGROUND OF THE INVENTION
é 5 Nearly all of the particulate contaminants can be removed from air by passing it

through an electronic air cleaner. An electronic air cleaner has high voltage ionizer
wires arranged in a suitable pattern in the inlet. Downstream from the ionizer wires, a
stack of precipitator plates in a parallel, spaced apart arrangement. Alternate plates are
" electrically charged by an intermediate voltage and the plates between them are held at
10 ground potential. A fan creates air flow through the ionizer wires and into the spaces
between the precipitator plates. Airborne particles in the air stream pick up charges
from the wires as they pass by them. The charges on the particles causes them to
precipitate or accrete on the plates carrying the intermediate voltage.
Over a period of use, the airborne particles build up on the plates and ionizer
15 wires. This particle buildup causes the efficiency with which the particles are
precipitated to drop. The plates and ionizer wires are typically combined in a single
module which can be removed for cleaning. Indeed, the modules in the smaller units for -
home use are designed to be cleaned by washing in a dishwasher.
One of the problems associated with electronic air cleaners is determining when
20 the accumulation of particles is sufficient to require that the plates be cleaned. Since
these units are typically installed in poorly accessible furnace and air conditioning
plenums and most of the surfaces on which particles deposit are concealed from view, it
is not easy to visually determine the amount of particle buildup. Because of this, it has
been convenient to provide an indication of the level of particle buildup. Some
25 electronic air cleaners now provide an indication that cleaning of the module is
necessary by sensing a decrease in the ionizer wire current as the particle buildup on the
ionizer wires increases. However, we have found that ionizer current is not always an
accurate measure of particle buildup. Accordingly, a different mechanism for sensing
particle buildup would be advantageous.

s
30 BRIEF DESCRIPTION OF THE INVENTION
We have devised an apparatus for directly measuring the amount of particle
buildup on the flat precipitator plates in a electrostatic air filter. This apparatus in
i
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essence optically determines when the thickness of the layer of deposited particles on
such plates excesds a predetermined value. _

Our apparatus has on at least one of said plates, a test area permitting light to
pass through said plate from a first side of the plate to a second side of the plate. A light
source is mounted adjacent to the test area on the first side of the plate in alignment with
the test area so ag to direct at least a portion of light from the light source through the -
test area to the second side of the plate. A light sensor is mounted on the second side of
the plate. The light sensor has a sensing area which, in response to light falling on said
sensing area, provides a sensing signal whose magnitude is a function of the intensity of
the light falling on the sensing area. Said light sensor is mounted on the second side of
the plate with its sensing area in alignment with the test area so as to receive on the
sensing area, light directed through the test area from the light source. A level detector
receives the sensing signal and provides a status signal having a first level responsive to
the level of the sensing signal falling above a predetermined level, and a second level -
otherwise.

In our embodiment, a signaling device provides a visual or auditory signal
responsive to the status signal having a selected one of the first and second levels.
Typically, the signaling device will be a light source which emits light when the status
signal achieves the level which indicates that light passing through the test area has
fallen to below a predetermined level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 discloses a combined mechanical perspective drawing and circuit
diagram illustrating the features of the invention.

FIG. 2 shows a circuit for detecting the quantity of dirt present on the plates of
the an electronic air cleaner. '

FIGS. 3 and 4 show alternative designs for the apertures in the test area.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning first to FIG. 1, therein are shown parts of a conventional electrostatic air
filter 10 to which the improvement of the invention has been added. Since the invention
is an improvement to the conventional electrostatic air filter design, it is unnecessary to
show all of the individual features of such a filter. Thus, only a number of relevant
surface sections of a case 12 which forms the outer surfaces of filter 10 are shown. A
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15 voltage potential difference of at least several thousand volts between them and any
adjacent grounded conductive element of filter 10 such as case 12 or bracket 15. There
is electrical connection to plates 17a, 17c, etc. by connectors 40a, 40c, 40¢, etc. and
voltage bus 41. A high voltage power supply 36 provides a voltage of several thousands
of volts through bus 41 to plates 17a, 17c, 17e, etc. by connectors 40a, 40c, etc.

20 Plates 17b, 174, efc. are physically located between plates 17a, 17c, etc., and
electrically grounded. The grounding is shown by ground wires 40b and 40d for the
two plates 17b and 17d. In one design, bracket 15 may be conductive and electrically as
well as mechanically connected to plates 17b, 17d, etc. Bracket 15 in this case may
form an electrical connection with a conductive case 12 which may serve as the system

25 electrical ground. .

Filter 10 has an inlet side shown generally at 14 into which a flow of air occurs,
as symbolized by arrows 49. A fan (not shown) is located at an outlet side of filter 10
shown generally at 16. The fan causes air flow from the inlet side 14 to the outlet side
16 through the spaces between plates 17a-17¢. Filter 10 includes a set of ionizer wires

30 (also not shown) in positions near the inlet side 14 of filter 10. The ionizer wires are
energized with a voltage whose level is on the order of that provided by power supply
36.
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etween an adjacent two of the plates 17a-17e etc. wll " typically be from
three to eight 100 IneNireme cases, particle builduprmay bsssoigreat thavaycing Betwn@rsthe pround;plates|
froma conductive nﬁ’ﬂ?,rﬁ&letcs H&ti]thgﬁigh voltage plates 17a, 17c, etc. may occur. While thisisnota
hazardous condition, it further reduces the efficiency of the filter 10. Accordingly, it is
desirable to clean plates 17a-17e etc. whenever the particle buildup is great enough to
seriously affect the efficiency of filter 10 performance. Because these filters may be
15 installed in poorly accessible locations, there is substantial motivation to provide a
function for remotely indicating when the plates 17a-17¢ etc. are so dirty that cleaning is
Our improvement provides an easily read indication of a dirty cell, and provides
a very reliable means for selecting the threshold for the amount of dirt present on the
20 plates 17a-17e etc. Each individual plate 17a-17e etc. has a test area 192, 19b, etc. in
each of which is present an aperture 21a, 21b, etc. each lower case letter in the ref. nos.
indicates the plate 17a-17e etc. in which it is present. Since the spacing of plates 17a-
17e etc. as shown in FIG. 1 is an approximation of the actual spacing, plates 17b, 17c,
etc. obscure all except aperture 21a. Apertures 21b, 21c¢, etc, are therefore shown in
25 dotted outline. Each of the apertures 21a, 21b, etc. is in alignment with every other of
the apertures so as to allow a light beam 24 (and which is to be interpreted as including
other types of radiation such as infrared) to pass through all of the apertures in the entire
set of plates 17a-17e etc. A light source 26 mounted on a side surface of case 12
generates light beam 24. Source 26 must be aligned so as to allow light beam 24 to
30 project through each of the apertures 21a, 21b, etc. The light beam 24 can be provided
in one preferred embodiment, by an infrared emitting diode (IED).
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might range from 0.03 in. (.075 cm.) to 0.05 in. (.125 cm.) depending on the type of air
contaminants involved. The underlying assumption is that the amount of dirt blocking
light impinging on aperture 23 is representative of the amount of dirt adhering to all of
15 the plates 17a-17e etc. The gauge aperture 23 diameter should be chosen so than dirt
entrained in the air stream passing through the filter 10 will close aperture 23 about the
time the coating of dirt on the surfaces of plates 17a-17 etc. is so thick that cleaning is
needed. '
'We prefer to locate the test areas 19a-19e etc. approximately midway between
20 the inlet and outlet édges of plates 17a-17e etc. The cross section of beam 24 should be
substantially larger than the aperture 23 so as to minimize alignment problems, and may -
even be larger than the apertures 21a, 21b, etc. While it is theoretically possible to
locate the gauge aperture 23 in any of the plates 17a-17¢ etc., we presently prefer to
place it in the outside plate of the plates 17a-17e etc. and furthest from light source 26,
25 shown as plate 17e in FIG. 1. By placing gauge aperture 23 in the outside plate 17e, the
beam undergoes a minimum of scattering by dirt which may be partially closing
aperture 23. Reducing the effect of scatter makes detection of the intensity of light
passing through aperture 23 more accurate.
There are a number of variations of our design which may be desirable in certain
30 circumstances and which still allow us to practice this concept. For example, while
apertures 21a-21d etc. and 23 are shown as each being approximately centrally
positioned in plates 17a-17e etc., it is also possible that individual apertures may have
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20 sensor surface 45 substantially smaller than the aperture 23 if aperture 23 is reasonably
large. Since the preferred size of aperture 23 is already quite small however, it is more
practical to use a sensor whose sensing surface 45 is substantially larger than aperture
23.) The electrical conductivity of a preferred type of detector 43 depends on the level
of light from source 26 falling on sensor surface 45. As aperture 23 becomes filled v_vith

25 precipitated dirt from the air stream flowing through filter 10, less light from source 26
can impinge on sensor surface 45, and the conductivity drops accordingly. Circuitry
shown on FIG. 2 and connected by leads 46 to detector 43 detects any change in this
conductivity. -

Asplate 17e becomes progressively dirtier during use of filter 10, aperture 23 is \

30 slowly closed by an aggregation of dirt particles which have been deposited from the
passing air. If this process continues for a sufficient time, aperture 23 will become
almost completely opaque to light provided by source 26. The change in the




set of pI ates ‘17a-17e etc. A light source 26 nounted on a side surface of

case 12 generates |ight beam 24. Source 26 nust be aligned so as to
allow |l'i ght beam 24 to 30 proj ect through each of the apertures 21a, 21b,
etc. The light beam 24 can be provided in one preferred enbodi nent,
by an infrared wgoéidosshd di ode (I ED). WO 96/ 40437 PCT/US96/09336

PCT/ US96/ 09336 - 5-

At | east one of the pI ates 1l7a-17e etc. pI ate717e in FIG 1, has a test

area 19e in ch s | ea ne ga r test apertu 23 whi ch
of a calibrated si f@n‘i% %f?atéwaf%fe?a““%tﬁgmw@@g é@s {’y
shape is easy to fQhﬂpmaélwﬁ%&uké%ﬁmﬁﬁﬁﬁ@eﬁﬂiﬂd%m@&&%emomtofﬁﬁ%ﬂ?m

wi_ || provide advant ages in how dirt accretes to close them Aperture

nust pe 5 in alild WM@&M%H@@@M@SBM@@Q ivityafidetegtor 43,

2o tnat "dbpos! ¢ o L PR il o ot MERIGAL Qo SIS WA AT RS i

attenuate or bbock 1$hspdm1blﬁfotmﬂeﬁﬂmbﬁﬂtqulﬂ;whﬂt?ﬁhhhyelbédmmmfdﬂemﬂrhsa

reter to ke - oFPIS 174-h s PRt on Sele 5P Pl 175 ol g of i o

al i gnnent probl ens owgla{eeju.lqae{che 10 cal | brated size of aperture 23 to
attenuate or block the |light beam 24. Apertures 21 a-21d : may
be fromone to two cm The areniteaf EIG. 2apens Bﬁﬁﬂﬁ@mwm@ﬂsw4%ﬂﬁ%re 23

m ght range from O. - kL9 on
; dgér&:ﬁxng( Q@elg?hﬁta{c%\%five 19217

the type of air ntam nant's he undﬂgl yi ng assurrpt lon is
t hat the anouné of o@enatlomlmhlnﬁagﬁ convertsthbrsx;hﬂmmdﬂdgmdgtednr%ratlugxelﬁel is

LTS5 oSl T s R v e e
when light or mﬁ'ared radxatlon from source 26 falls on its sensing surface 43.
Operational amplifier 65 may be a 324-type unit available from a variety of commercial
sources. Operational amplifiers such as amplifier 65 have extremely high input

15 impedances, and also extremely high voltage gains. For purposes of explaining the
operation of this circuit, a logic level voltage near 0 v. will be considered a logical 0 and
a logic level voltage above 3 v. will be considered a logical 1. The choice of voltage
levels for each of the logic level values is totally discretionary for the designer, and a
number of different schemes are available depending on the logic circuit selected.

20 In the circuit of FIG. 2, the cathode of detector 43 is connected by one of the
leads 46 to power terminal 50 and the anode of detector 43 is connected by the other of
the leads 46 to the + signal terminal 68 of operational amplifier 65. A pull-down
resistor 75 is connected between + signal terminal 68 and ground. Capacitor 76 is
connected in parallel with resistor 75 to remove high frequency components from the

25 signal at terminal 68. A resistor 72 whose value is substantially larger than resistor 75 is
connected between the output terminal 92 of operational amplifier 65 and + signal
terminal 68 to increase hysteresis and thereby, operating stability. A voltage divider
comprising resistors 60 and 61 is connected between power terminal 50 and ground, and
provides a fixed threshold voltage to a - signal terminal 69 of operational amplifier 65.

30 Amplifier 65 greatly amplifies any positive voltage difference between the signal
voltage at + terminal 68 and the threshold voltage at - terminal 69, and provides the
amplified voltage at output terminal 92. If + terminal 68 voltage is even slightly more
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etc. Wile aperture 23 which may block beam 24 only briefly and at relatively lengthy intervals

avoids continuous operation of IED 26 and its possible failure. Since typically at least
several weeks are needed for the plates 17a-17e etc. to accrete sufficient dirt to require
cleaning, it is not necessary to test for an aperture 23 obstruction oftener than a few

15 times a day at most. However, timers such as the 555 model can provide such a large
timer interval only if one uses an inconveniently large capacitor. Testing at one second
intervals allows use of a capacitor of reasonable size and will do no harm. The enable
plilses from generator 85 are provided on path 90 to non-inverting input terminals of
AND gates 80 and 81, and also through resistor 82‘to the base of transistor 55 in FIG. 1.

20 If other logical 0 and logical 1 voltage levels for enable signal 87 than those explained
above are selected, which do not switch transistor 55 properly, then it will be necessary
to select another arrangement for transistor 55 and resistors 53 and 82, according to well
known principles of circuit design.

The output terminal 92 of amplifier 65 is connected to another non-inverting

25 input of AND gate 80 and to an inverting input of AND gate 81. The outputs of AND
gates 80 and 81 are applied respectively to the set (S) and reset (R) terminals of 2 flip-
flop 95. This logic circuit causes flip-flop 95 to record the inverted value of the most
recent logic level value provided by operational amplifier 65 as the current logic value
provided by the not-Q output terminal 98. That is, each time an enable pulse is

30 provided, logical 0 and 1 signals respectively are applied to the R and S flip-flop 95
inputs if a logical 1 signal is present on output terminal 92, and the not-Q output
terminal 98 then provides a logical O signal level. If a logical 0 signal is present on



the apertures may be | ocated near the edges of plates 17a-17e etc., we

prefer at the- present tine to | ocate them as shown near the center
of plates 17a-17e etc. The nore central |ocation of gauge aperture
23 may result in nore consistent blocking of light 5 beam 24 when the

pl ates 1l7a-17e wioneat@ye becone so dirty that cleaning is requecraseemn3ss
desirabl e. - In our preferred enbqgdi nent, |ight source 26 has
a pair of electrical |eads 28 and ) 29. Léad 29 is attached to a

source of DC voltage su ource uitabl g for g
Caht sour ce 6. - LagmiE bt e & A STEPUS B 2 op.as Areiye rapecivelylosidy 40 0
10 transi stor 5S5sigalyne e Hof6) duthif is 41b 1( The 56(°Q o 98 ¢F flip-Sp 99 controls
ground. A positive-gain enabl e)h‘? se at termnal 90 is periodically

applied to the basedwsua indicstion provided b lladlcawrelemeqxrl%nﬁlemmltoﬂwybe

resi stor 82. Each t it ngneetﬂﬁp

transi stor 55 conducts % current ;ql%gvs Hr% %QI | g‘%t source 539 ca s?-‘rﬁ;v
![ i ght .bteam 2315 logicde\plmltagewhiohhtmmisemataloglﬂll k@nmnﬂuﬁmwhﬂhatsm?h?gmht
o aperture 2le . ctor nses e_angun i
passi ng through ape?rP aﬁ“alm‘i“‘ag gﬂ)ﬁf Fé*ef@ﬂ"%?*é ﬂ'ﬁ‘?ﬁ[ﬁ 'JO'lg e,
i nside surface of cCgfem eledtrithit bir Blt&EI05S9 Such sk dleminkbthe module is ddvishile. and

al i gned with gauge aperture 23. The sensor surface 45 shoul d be

substantial ly | arger thdfG: §ehosysevariationy wherg tegtarea,1 9eibas aphumlisy ofsimilagisized ng
from m sal i B&erhﬁes 0 gﬁ&g

m sal i gnment errors wt Ehaug% sgggolr) sur ?c@llﬁ%%%él%my%ﬁ er
than the apertMre Zﬁbmntabmomefmsategd&asmymhasbeenobmé. InQine ariatios,
preferred size of erture 23 is ite s ver

practical to use a%ﬁwg\m%m%%nﬁ%@w %gg "&5"@'3&
t han aperture anoth%ﬁMﬁybé&ﬁhghﬂi&mﬁ@mmlﬁtaﬂwwfa)seﬁng&rﬁ%ﬁﬂhﬁ&hﬂeﬁpe
of detector 43 depends on_the |eyel gﬂi{ fromsource 26, filling

on sensor surface 49PtngatlZeio r&?’é"“é@h@%ﬁ%@ep‘i‘q ofithem.o the varigigrinthe ot ed
dirt fromthe air Sﬁﬁﬁ%flh@%%tﬁﬂcﬁk'gﬁﬂ&'hﬁﬁrofm agéﬁﬁ&\k&tﬂﬂfthefdhﬁmquﬂm

26 can i npinge on sensor surface 45, and conductivity drops

accordi ngly. GSrcumqaglyﬁn%ﬂlecosﬂlbdehbmlmﬁhm@fﬂﬁ By Thissaofign t o
detector 43 detects, %% P ;Eda ﬁ
As plate 17e becones ogre55| ve Irti er urrng use %lgeefﬁ??ndrdemor“ without

aperture 23 is 30 promﬂmgiafaﬂt}unﬁdaﬂopoﬁplamnsgat ion of dirt particles
whi ch have been deposit fr m t he asgi n ali | f, this rocess
continues for a suffici LYF%‘“?g’ éﬁ@amesthmn test area 19, a

plurality of cucular apertures 113 and 114 of at least two different diameters. The

20 possibility which this variation provides is to for the smaller holes 113 to all close to
block light more or less simultaneously, which we believe will result in a relatively
steep change in thé amount of light passing through test area 19d with the passage of
time and the accretion of additional dirt on plate 17d. In this design, one might use a
second detector circuit as shown in FIG. 2 with a voltage divider circuit to change the

25 threshold voltage supplied to amplifier 65. In this circuit, detector 43 should be chosen
to provide a linear response over some range of impinging light intensity. This permits
a first indication when the plates have reached some intermediate level of particle
accretion, say 75% of the amount of accreted dirt which causes substantial reduction in
operating efficiency. When the larger holes 114 are nearly closed, the second circuit

30 will detect this condition, meaning that plates 17a-17e etc. have lost most of their
capability to remove dirt from air passing through them.




mm [“ l que to light provided by source 26. The change in the
oo ST i
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conductivity of detector 43 relative to the conductivity when beam 24 is
unobstruct ed bywopeeugazzdirt particles in aperture 23 provi despgisiiovdss
i ndi cation of the anount of dirt on plates 17a-17e etc. The
circuitry of PIG 2 can sense the present condu%t|V|ty of detector 43,

and provide a visual ‘ghg ndi.cation thereof. This indication inforns

t he human who 5 isre nS|£PE ¥or maintenance of filter 10, what is the
| evel of dirtiness of the entire set of plates 17a-17e etc. because
the state of plate 17e should be representative of every ot her plate
17a-17d etc. The circuit of FIG 2 neasures the conductivity
of detector 43, thereby ~ determning the level of dirt accreted on
plates 17a-17e etc. In this circuit, an 10 operational anplifier 65
converts the signal provided by detector 43 to a logic |evel val ue.

Detector 43 may be a commonly avail abl e phot odi ode whose i npedance’ dr ops
when |light or infrared radiation fromsource 26 falls on its sensing

surface 43. Qperational anplifier 65 nay be a 324-type unit

avai lable froma variety of conmmerci al sources. QOperationa
anplifiers such as anplifier 65 have extrenely high input 15 i npedances,
and al so extrenely high voltage gains. For purposes of explaining the
operation of this.circuit, a logic |level voltage near O v. will be
considered a | ogical '0 and a logic |level voltage above 3 v. will be
considered a |logical 1. The choice of voltage | evel s for each of

the logic level values is totally discretionary for the designer, and a



nunbe ' henes are avail abl e depending on the logic circuit
sel ecmﬁl @g“!““m“‘ In the circuit of FIG 2, the cathode of detector 43
is co w orfe of the _ | eads 46 to power term nal 50 and the

anode of detector 43 is connected by the other of the |l eads 46 to

the + signal tewgioggdsap8 of operational anplifier 65. A pul |- fe¥se6nozss
resistor 75 is connected between + signal term,nal 68 and ground. Capacitor

76 is connected in parallel W|th reS|slor 75 to renove high
frequency conponents fr the 25 . at term.nal e

whose val ue is substant ?g}"‘f W rhé‘é‘P%f‘Bi““i‘gy Es“gmuah %@cﬂa 3,"8
bet ween the out put elegfrichlfypé Gﬁdmée%t\klﬁélﬁdum | idchicafty lﬁnﬂ%d’baﬁi’c&?&iaybe
termnal 68 to |ncrease h stere5|s and thereb operatlng stability. A

vol tage di vi der ¥ spusg said parseles to samvpgo gleRan bet ween

power term nal nd ..
voltage to a - SI gna é@%g‘gld%a 0 goplgflaﬁl onal arrp?tyf’l er %g“ @5; es‘have been
Anplifier 65 gseat Idppmtpdoﬂsmkplalng;cmpmmﬁg/e vol tage difference between the

si gnal vol tage er m nal and th thresl‘ d..vol ta e at '
ternminal 69, and provi d éeas“ne"fsa‘ Plgtes- e, 'gi“ tirongh said, _'

92. 1f+ terninal G%W@fr&ﬂ%rkt%l&\&ﬂlewta's!cdmrsﬂeofﬂxepmm 96/ 40437
PCT/ US96/ 09336

positive than the - ter mﬁbzhtmmmy@doqth%ﬂxﬁbsl%g@hapwwmmﬁhﬁtegz

:ggihgl'i? Ee\a};l LQ? Ifaref term naFaség VO tag@ﬁmmmg%ven ?%B% E&a?
negative thanidhe - tern)mhghtwmmgasensbesmbﬁwmmdlghﬂf%ngnnhmd
?\ZpLTSQGL,é’nQ?ZI or S5t Rt BEMARER Rares el st mtulkly s Fureicy of thy imensity
| ogi cal of the light falhng on the sensor surface, said light sensor mounted on the second side of
the plate with its sensor surface in alignment with the test area to receive on its sensor
surface, a light directed toward the test area by the light source; and
15 d) a level detector receiving the sensing signal and providing a status signal
~ having a first level responsive to the level of the sensing signal exceeding a
predetermined Jevel, and a second level otherwise.

2. The improvement of claim 1, wherein a plurality of plates each contain a test
20 area, each plate's test area in alignment with every other plate's test area, wherein the
light source is mounted to direct light through every test area, and the light sensor is
mounted to receive on its sensing area, light from the light source passing through each
of the plate's test areas.

25 3. The improvement of claim 2, wherein each of the test areas comprises in its
plate an area in which is an aperture.

4. The improvement of claim 3, wherein the aperture in a preselected one of the
test areas is substantially smaller than the aperture in each of the other test areas.
30
5. The improvement of claim 4, wherein the sensor surface of the sensor is
substantially larger than the aperture in the preselected one of the test areas.



(+ 3v.) shown at 87 on path 90. It is convenient to use a
connrrerc”m lﬂl“nm@llmon of a timer such as those having the 555
designati en ¢to pravide the timer function of pul se generator 85. In
one enbodi ment, these enabl e pul ses may have 10 ns. durations and
occur at 1 sec. pyhobeifoyd! sS- The FIG 2 circuit is designed to tpexiusbenosxnsn 10
obstruction of beam 24 only during each enabl e gul se. Testing for an

obstruction of aperture 23 which may blGck beam 24 only briefly and
at relatively lengthy intervals avoi ds conti nuous operation of IED
26 and its possible failure. Since typically at |east several weeks
are needed for the plates, THemplovémemiof clair® 5WKréih the prtistlectbddiie offitteltest freas is
require cleaning, it iS not necessary to test for an aperture 23

obstruction of t ener ok paautside plates 5 times a day at nost. However, tiners

such as the 555 nodel can provide such a | arge tinmer interval only

I f one uses. an inconveniently |arge capacitor. Testing at one second
intervals all ows-use of % Tmmﬁdwmenﬁofchhnérmlﬁrdnﬁemwmlbbshhsﬁmmm m

The enabl e ul ses fro enerator 85 ar rovided on ath '
non-inverting input%@?‘ﬁ? n%%s wherein &emﬁﬁzﬁ‘&' gg'ﬁgﬁ? 8ﬁ§38°um‘de
through resistor 82pj,p Mﬁms%éﬁmhﬁ%aé&ww&&déma&ofwwher

| ogical 0 and Iog|cal 1 voltage |evels for enable signal 87 than those

expl ai ned abbutside plate. sel ect ed, which do not switch transistor 55
properly, then it will be necessary to sel ect anot her arrangenent
for transistor 55 and resistors 53 and 82, according to well known
principles of orcuit de8. Theimprovement of claim 7, Wiatein edchidst dreq isicattally 2ocafed in its
anplifier 65 is conngcted to another non-inverting 25 i nput of AND gate
80 and to an invert PAYinput of AND gate 81. The outputs of AND

gates 80 and 81 are applied respectively to the set (S) and reset (R
termnals of a flip- flop 95. This logic circuit causes f||p fl op,
95 to record the inverte® ¥heimpreyementofcipim 4, wherein eachdest area issgatrally derafed in its
val ue provi ded by og tional anplifier 65 as the current |ogic val ue

provi ded by the not- E&%utput termnal 98. That is, each tine an enable
pul se is 30 1provided, logical 0 and 1 signals respectively are applied

A N
provi des a | ogi cal Gir&iiresponsiee0la prédeteminedicvéllof Bn erableaignalfopgating powero the
liéht source, and wherein the level detector includes a gating circuit responsive to the
predetermined level of the enable signal for gating to a memory unit the present level of
20 the sensing signal, and means for providing the enable signal having periodic intervals’
in which is attained the predetermined level.

11. The improvement of claim 4, wherein the test area includes a plurality of
apertures.
25
12. the improvement of claim 11, wherein the test area includes at least two
circular apertures of substantially identical diameter. .

13. The improvement of claim 1, wherein the light source includes a switching
30 circuit responsive to a predetermined level of an enable signal for gating power to the
light source, and wherein the level detector includes a gating circuit responsive to the
predetermined level of the enable signal for gating to a memory unit the present level of



reri cosaRHeHl I 5

terminal 92,° tthen®th& R and S inputs of flip-flop 95 receive respectively

| ogical 1 and 0 signals and the not-Q output is a logical 1. The
not - Q out put 98wefoskssgsp-f1 op 95 controls a visual i ndpgpisdainosas
provided by dirty cell indicator elenment 101. enent 101 nmay be

not hi ng nore than a LED (Iight enitting di ode) Whi ch can be directly driven

by a +4 v. a e ich represenis a |l ogical 1. One can
t hus see thatlt |s p%@%ﬁ%%§m¥ n%"Q%}Qﬁ%ﬂvggﬁfqﬁgﬁﬂﬁm g Reriodic ipepigls

the amount of dirt inehichtiestatmrd tierileRifmed kvell 7€ et C. of an
electronic air filter 10 is such that cleaning the nodule is advisable.
FIG 3 shows a variation, where test area 19e has a plurality of simlar

si zed circul ar gauge apertures 120. Detector 43 wll indicate |oss
of light only after a 10 substanti al anount of the area of the apertures
120 has been obscured. In one variation, t he sensing area nust be

sufficiently large to receive light fromeach aperture 120. In
anot her, there may be enough apertures 120 to allow a sensing area shown in

dotted outline at 122 to receive light fromsone but not all of
them The variation in the anount of light is not critical, and
when all of the apertures within the outline 122 have 15 nearly fill ed,
the condition will be detectable by the circuit of FIG 2. This sort of an
arrangenent will accommbdate m salignnent between plate 17e and detector 43
wi t hout providing a faulty indication of plate status.

FIG 4 shows a further variation, where plate 17e carries within a test
area 19e, a plurality of circular apertures 113 and 114 of at |east
two different dianeters. The 20 possibility which this variation :
provides is to for the smaller holes 1 13 to all close to bl ock
l'ight nore or |ess sinultaneously, which we believe will result in a
relatively steep change in the anount of |ight passing through test

area 19d with the passage of
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n-plate 17d. In this design, one

time and the accretion of addi ti onal

m ght use a

second det ector:cikcuitas shown in FIG 2 with a

vol tage divider circuit to change the 25
anplifier 65. In this circuit,
provide a |ineadfappyse over sone range of inpinging light i

This permts
i nternmedi ate | eve

't hi eshol d vol tage supplied to
detector 43 should be chosen _ :
I ndi cation when the plates have re @ﬁg sone
say 75% of the anmpbunt of
operating

accretion,
reduction in

of particle

accreted dirt which causes substanti al
efficiency. Wien the larger holes 114 are nearl
30 will detect this condition,

| ost nost of their
t hr ough t hem
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the second circ

meani ng t h&/&l ates 17a-1 7e etc.

capability to renove dirt fromair passing
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1. In a electrostatic air filter having a plurality of substantially flat

pl ates to be el ectrically charged and between which air having
electrically chiggssheparticles may be passed, to therg@*dﬁﬂﬁﬁagmﬂd
particles to deposit thenselves on said plates, an i nprovenent” for
determ ni ng when a predeterm ned anount of said partices have been 5
deposited on said plates, conprising a) on at |east one of

safd plates, a test area pernmitting light to gass t hrough said

plate froma first side of the plate to a se side of the plate,

b).a light source nounted on the first side of the plate and aligned with
the test area to direct at least a portion of light fr l'i ght
sourcé toward the tpgy, area; 10 U ot sensor having a
sensor surface and rg to |light falfld d sensor

surf ace, prOV|d|§§ s a function of the

1
intensity epsory supface, said |ight
eﬂprérazﬁffhfits sensor

sensor nounted on thg¢
i t'S’ sensor

surface in alignnent
surface, a Iight§§"'
t sensi ng
Pl
efeil 43 DIRTY

2

d) a level detec

si gnal h@g'
si gnal exceedi ng
ot herw se.

plurality of pl
in alignment mﬁfﬁ?

: i 0 _a test |20
evér pfate' s té

sensor is . uMinted to receive on its sensing area, Iight fromt
| i ght source passing~through each OII'O E_'eg plate's test ar BIRTY CELL

INDICATOR




25 - 3.. The' j nprovenment of cI aim 2 wherein each of the test areas

conprises inits plate an area.- in: Wmch IS an aperture.

4. The inprovenent of claim3, wheréin the 1a'perture in a preselected onge of
t he ’ test areas is substantially smaller than the aperture ip, each-

of the other test areas. 30 5. The inprovenent of claim 4,

“wherein the sensor surface QPTICAISPIRTY CELL SENSORFORANtially | arger
t han t he aperture in the presel:ected one ofthe test areas.

96/ 40437 . "ELECTRONIC AIR CLEANER
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6. The i rrprovement of claim ?AGK&%QNQ TE&F‘&%FB‘JI&% of the test
areas is ta?mn nt
of cl ai m 6, wherel n t e’pi&oi?éfr‘a ity o tecfogt es at |?esﬁem§n8dyaﬁlélmg%§{ﬁg

out si de pl & esit thmhgtmeiettrmnqnamslehmi @ edevtronfc dinclednes hasthigh solitagedonitére
first outside plate, and the |ight source is m)%nted adj.acent to
the outsi de sumra%me#magw@&!ﬁfaﬁmm e it Doavng om the ionizer wires, a

stack of precipitator plates in a parallel, spaced apart an'angement. Alternate plates
are electrically charged by an intermediate voltage and the plates between them are
held at ground potential. A fan creates air flow through the ionizer wires and into the
10  spaces between the precipitator plates. Airborne particles in the air stream pick up
charges from the wires as they pass by them. The charges on the particles causes
them to precipitate or accrete on the plates carrying the intermediate voltage. .
| Over a period of use, the airborne particles build up on the plates and ionizer
wires. This particle buildup causes the éfficiency with which the particles are
15  precipitated to drop. The plates and ionizer wires are typically combined in a single
nzod_ule which can be removed for cleaning. Indeed, the modules in the smaller units
for home use are designed to be cleaned by washing in a dishwasher.
One of the problems associated with electronic air cleaners is determining
when the accumulation of particles is sufficient to require that the plates be cleaned.
20 Since these units are typically installedlin poorly accessible furnace and air -
| conditioning pienums and most of the surfaces on which particles deposit are
concealed from view, it is not easy to visually determine the amount of particle
buildup. Because of this, it has been convenient to provide an indication of the level
of particle buildup. Some electronic air cleaners now provide an indication that
25  cleaning of the module is necessarj by sensing a decrease in the ionizer wire current
~ as the particle buildup on the ionizer wires increases. H_owevér, we have found that
ionizer current is not always an accurate measure of particle buildup. Accordingly, a
different mechanism for sensing particle buildup would be advantageous.
Reference DE-A-3131546 discloses apparatus relying on reflected light to
30 detect presence of dirt on a collecting surface.

AMENDED SHEET,



10- ““8. The inmprovenent of claim?7, mhereln each test area is
centrally located inits plate. 9. The |nprovenent

of cIa|n14 wherein each test area is ceﬁtrally | ocated in its .
plate.” 15 10. The i nprovenent of claim9;- wherein the }ight
source includes a swtching circuit responsive to a predeterm ned

| evel of an erRéference @h-é)l4748ir Hijaghi digclosasdight reflebting through all ofdhe plaesofen and
wherein the | evel detegtor udes a circu re sive to the
pi edet er RlFERPSIaLG QPSt(‘f'Pﬁ?‘H%" ‘b'h%aﬁ?lg%e@ﬁw HB&‘FdlgEPﬁ’@ﬁlbr y unit the

present |evel of 20 t he sen5|ng signal, and neans for providing the
enabl e signal having periodic intervals in which is attained the
predeterm ned |evel . BRIEF DESCRIPTION.OFTTHE INVENEI®ONt of cl ai m 4,
wherein the test area includes a plurality of apertures.

12 t Be i npr ovmee MVI@damﬂpmaratwf@mbmﬂr n@awmg the amountif mglﬁbuxld@ast

13, The i9RJPEBBHAREPIROE Plieni 2 SerEbRR i il (T SBBER ‘el uce,

swi tching 30 circuit responsive to a predeternined | evel of an enable
signal for gating power to the | i ght source, and wherein the |evel
detector includes a gating circuit responsive to the pr edet er m ned

| evel of the enable signal for gating to a menory unit the present |evel of

AMENDED SHEET
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sensing signal, and means for providing the abl e signal having per i odjfe
interval s in which is attai n@\?t'ﬂ{() redet ermined | evel . g IPE
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8 | (57) Abstract

An electrostatic air cleaner has at least one hole in one of the plates over which air with charged dirt particles is passed. A light

source is mounted adjacent to the hole 8o as to direct its light through the hole, A light sensor detects the level of light passing through

the hole. As dirt particles deposit on the plate, they fill in the hole over a period of time, reducing the amount of light passing through the

hole. It is possible by measuring the amount of light passing through the hole, to detesmine the amount of dirt deposited on the plate. In a

preferred embodiment, each of the plates contain a hole in alignment with each of the other plate’s holes so that Jight from a single light

;t::rceeanpassgmgheachofﬂwholes. Such a configuration allows both the lght sonrce and the light sensor to be located outside of
entire group of plates, ’




