| MPROVED ACTI VE FI ELD POLARI ZED MEDI A Al R CLEANER
Field of Invention The present invention relates
generally to air cleaning systens and is particularly
directed to air cleaners of the type that use an

el ectrostatic field to polarize a nedia and to

pol ari ze particles to increase the particle collection
ef ficiency on the nedia. Background of the invention
The principal of electrostatic attraction has been
used for many years to enhance the renoval of

contam nants fromair streags. There are three primry
categories of air electrostatic cl eaners:

el ectrostatic precipitators, passive electrostatic

' ) | jzed j L cl eaners,
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El ectrostatic precipitators charge particles and then
capture them on oppositely charged and/or grounded
collection plates. A passive electrostatic filter
(al so know as an electret) enploys a nedia (or
e tH thdaign of different nedia) that-through sone

conbi nat1on of treatnment and/ or inherent properties
has an el ectrostatic charge. Particles entering the
filter nmedia that have an el ectrostatic charge are
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to air cleaners of the type that use an electrostatic field to polarize a media and to polarize

particles to increase the particle collection efficiency on the media.

Background of the invention

The principal of electrostatic attraction has been used for many years to enhance the
removal of contaminants from air streams. There are three primary categories of air
electrostatic cleaners: electrostatic precipitators, passive electrostatic filters and active field

polarized media air cleaners, which are sometimes known under different terms.

Electrostatic precipitators charge particles and then capture them on oppositely charged

and/or grounded collection plates.

A passive electrostatic filter (also know as an electret) employs a media (or combination of
different media) that through some combination of treatment and/or inherent properties has
an electrostatic charge. Particles entering the filter media that have an electrostatic charge
are attracted to the charged media filter materials that have the opposite electrostatic

charge.



-2- An active field polarized nedia air cleaner uses
an electrostatic field created by a vol tage
differential between two el ectrodes. A dielectric
filter media is placed in the electrostatic field
between the two el ectrodes. A dielectric material is
an electrical insulator or a substance that is highly
resistant to electric current that can also store
electrical energy. A dielectric material tends to
concentrate an applied electric field within itself
and is thus an efficient supgporter of electrostatic
fields. The electrostatic field polarizes both the
nmedia fibers and the particles that enter, thereby
increasing the efficiency of the nedia and the air
cleaner. The efficiency of the filter is the
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which a disposable rectangular cartridge is connected to a high voltage power supply. The
cartridge consists of a conductive inner center screen, which is sandwiched between two
layers of a dielectric fibrous material (either plastic or glass). The two dielectric layers are,
in turn, further sandwiched between two outer screens of conductive material. The
conductive inner center screen is raised to a high voltage, thereby creating an electrostatic
field between the conductive inner center screen and the two conductive outer screens that

are kept at an opposite or ground potential. The high voltage electrostatic field polarizes

the fibers of the two diclectric layers.

The air cleaners may be installed in a variety of configurations and situations, both as part
of a heating ventilating and air conditioning (HVAC) system and in standalone air

moving/cleaning systems. In smaller HVAC systerns (e.g. residential and light



commercial), the air cleaner panels are often
installed in a flat configuration (perpendicular to
the airflow) or in angled filter tracks. In |arger
systens, banks of air filters are typically arranged
in a V-bank configuration where nmultiple separate
filters are positioned to forma Z-fold filter

perpendi cular to the axis of airflow. Summary of the

i nvention The invention is enbodied in inprovenents to
active field polarized nedia air cleaners. AERCDYNAM C
FRONT COALI NG I n accordanceswi th one aspect of the
present invention, a V-bank configuration of active
field polarized nedia air cleaners includes an
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The invention is embodied in improvements to active field polarized media air cleaners.

AERODYNAMIC FRONT COWLING

Tn accordance with one aspect of the present invention, a V-bank configuration of active
field polarized media air cleaners includes an aerodynamic front cowling joining front
edges of adjacent active field polarized media panel air cleaners facing the airflow. The
front cowling provides a lower form drag airflow to reduce filter static pressure drop
(resistance to airflow). In addition, the hollow interior of the aerodynamic front cowling
provides a recess for concealing the high voltage power supply inside the aerodynamic
front cowling, providing protection and insulation of the electrical components. Further,
the cowling serves as a wire chase for running both high and low voltage wires between air

clcancr pancls and adjaccnt air clecancr modulcs.

REAR DOUBLE HINGE AIR SEAL



In accordance with anot her aspect of the present

i nvention, a V-bank configuration of active field

pol ari zed nmedia air cleaners includes a rear double

hi nge joining rear edges of adjacent active field

pol ari zed nedia air cleaners. The rear doubl e hinge
provi des a positive seal between adjacent active field
pol ari zed nmedia air cleaners, thereby reducing bl ow by
bet ween adj acent active field polarized nedia air

cl eaners and increasing efficiency. | MPROVED ELECTRODE
FOR POLARI ZED MEDI A Al R CLEANER I n accordance wth
anot her aspect of the present invention, the high

vol tage el ectrode is made from a conducti ve extruded
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high voltage power supply by the short circuit,
fiifd&8hy pernitting the other active field polarized
nmedi a air cleaner sharing the sanme power supply to
continue operating normally. Additionally, t he

volta ower supplies may be nade variable so
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an optinunielectrostatic field w thout arcing.

In accordance with another aspect of the present invention, the high voltage electrode is
made from a conductive extruded plastic netting or other similar material that provides for

significantly higher operational voltages and therefore higher efficiencies.
RESISTIVE CENTER SCREEN AND VARIABLE HIGH VOLTAGE POWER SUPPLY

In accordance with yet another aspect of the present invention, more than one active field
polarized media air cleaners may share a single high voltage power supply. In such
manner, if one active field polarized media air cleaner shorts out, the resistance of the
center screen will limit the current drawn from the high-voltage power supply by the short
circuit, thereby permitting the other active ficld polarized media air cleancr sharing the

same power supply to continue operating normally.

Additionally, the high-voltage power supplies may be made variable so that an optimal

voltage may be selected that provides an optimum electrostatic field without arcing.



-5- DI ELECTRI C MEDI A SUPPORT FRAME I n accordance wth
anot her aspect of the present invention, an active
field polarized nmedia air cleaner includes a
di el ectric media support frame having on one side a
recess or shelf for holding the center screen and/or
the filter nedia and on the other side a protrusion
for creating a positive seal with the conductive
hol di ng franme that holds the conductive outer screens.
The dielectric nedia support frane allows the center
screen to extend to the edgg of the filter nedia
wi t hout shorting or arcing to the conductive outer
screens or to the conductive holding franme, an
arrangenment that provides a nore uniformelectrostatic
field throughout the filter nedia. The border provided
j ' j port frame al so prevents
dﬁ%ﬁ§£$@§§§§i%%b@gggﬁgﬁggughe edges of the center
conductive screen. The positive seal between the
dielectric nedia support franme and the conductive
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conductive holding frame, an arrangement that provides a more uniform electrostatic field
throughout the filter media. The border provided by the dielectric media support frame also
prevents the spraying of corona at the edges of the center conductive screen. The positive
seal between the dielectric media support frame and the conductive holding frame reduces
air leakage (blow-by) between the conductive holding frame and the edge of the filter

media. The dielectric media support frame can be made of either rigid or flexible plastic

material.
FLAT CONDUCTIVE OUTER SCREEN

For a morc uniform distancc between clectrodes and thercforc a more uniform ficld
throughout the active field polarized media air cleaner, the conductive outer screen is made
relatively flat as compared to the flexible outer screens of prior art active field polarized
media air cleaners. The flatness of the outer screen is achieved by using a relatively rigid

material as compared to the dielectric filter material.



| MPROVED HI GH VOLTAGE CONTACT One of the problens in
prior art active field polarized nedia air cleaners is
the area where the high-voltage probe contacts the

center screen. Typically in the prior art, the high

vol tage connection is made with a probe or clip that
contacts the center screen (or electrode) over a
relatively small area. In sonme cases, the contact

becomes poor. The problemw th this arrangenent is

that over tine, the point of contact can arc, spray

and erode the area of contagt on the el ectrode and

nmake | ess certain contact. this erosion progresses,

it can accelerate to the point where contact is no

| onger being made. The present invention overcones

this problem and naintains air cleaner integrity by

var | 1 [ i.gh vol tage contact a | arge
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el ectrode. Wil e various enbodi nents of the invention

wi | | _show the high-voltage coptact area as circul ar
O AE{he SFRbIAGRS TP LETATIC 26140 Zeredja s § o wréa where
tendency to spray corgna and/or arc in the regjon of .
thepuethvelies PrebegeonicLige cvger dkete TmPaglkYi Rgthg ion 2g; fy high
in the region where the high-voltage probe contacts
velfpge éé’ﬁ’@"é’go%ésr gefe Vit goRFoPT Sl it semteets dho serder serepn (o
hi gh voltage shield is provided. Brief descrjption of
elepieodg) avrfgtelatively smaylsrea. dnjsemg apess theswatachprgemgs @gpr- The
of a plurality of active field polarized nedia air
problsamwith this pedngementan it over timey thyapintcfPPNKHr @i %H spigy and
accordance with the present invention.
erode the area of contact on the electrode and make less certain contact. As this erosion
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progresses, it can accelerate to the point where contact is no longer being made. The
present invention overcomes this problem and maintains air cleaner integrity by various
means making the high voltage contact a large area by means of a disc and/or disc and
fastener that spreads the connection over a far wider surface of the electrode. While
various embodiments of the invention will show the high-voltage contact area as circular,

other shapes would work as well.

Also, there is a tendency to spray corona and/or arc in the region of the high-voltage probe.
To reduce spraying and arcing in the region where the high-voltage probe contacts the

center screen, a high-voltage probe enclosed in a high voltage shield is provided.

Brief description of the drawings

Figure 1 is an isometric drawing of a plurality of active field polarized media air cleaner

panels arranged in a V-bank configuration in accordance with. the present invention.



Figure 3 is a detailed portion of a cross-sectional
view of a plurality of active field polarized nedia

air cleaner filters arranged in a V-bank configuration

in accordance with the present invention illustrating
insertion of replacenent filter nedia into a | ower

filter holding frane. Figure 4 is a detailed portion

of a cross-sectional view of a plurality of active

field polarized nedia air cleaner filters arranged in

a V-bank configuration in accordance with the present
invention illustrating insebgion of replacenent filter
nmedia into an upper filter holding frane Figure 5 is a
schematic diagramof a plurality of active field

pol ari zed nmedia air cleaner filters having resistive
center screens and sharing common hi gh-vol tage power
supplies in accordance wth the.present, i npvention, .
Ffguuf & 0ps-s5oiiangldew of p Paiality Of &iVe 18 nofRfiAve wale i gloamer
for use gn the top aor bottomof .a sta of act.ive,.
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a V-bank configuration in accordance with the present
invention. -8- Figure 8 is a cross-sectional view of

a front cowwing for use with a plurality of %cti e .

Figugd @ 9l detpileddparien af ai Fossrsestioasl Yipwfr & PR3 5&@5&"?\‘? field
a V-bank configuration in accordance with the present .
pplaxiesdt heslia air cleaner filters arranged in a V-bank configuration in accordance with

the present invention illustrating insertion of replacement filter media into a lower filter

holding frame.

Figure 4 is a detailed portion of a cross-sectional view of a plurality of active field
polarized media air cleaner filters arranged in a V-bank configuration in accordance with
the present invention illustrating insertion of replacement filter media into an upper filter

holding frame.

Figure 5 is a schematic diagram of a plurality of active field polarized media air cleaner
filters having resistive center screens and sharing common high-voltage power supplies in

accordance with the present invention.

Figure 6 is a cross-sectional view of a front cowling for use on the top or bottom of a stack
of active ficld polarized media air cleancr filters arranged in a V-bank configuration i

accordance with the present invention.

Figure 7 is a cross-sectional view of a hinge section in accordance with the present

invention for use in conjunction with the front cowling a figure 6.



Figure 9 is an assenbly drawing of first and second
active field polarized nedia air cleaners and a front
cow ing in accordance with the present invention.
Figure 10 is a cross-sectional view of a first portion
of a double hinge in accordance with the present
invention. Figure 11 is a cross-sectional view of a
second portion of a double hinge in accordance with
the present invention. Figure 12 is an assenbly

draw ng of first and second active field polarized
medi a air cleaners and a doybl e hinge assenmbly in
accordance with the present invention. Figure 13 is an
assenbly drawi ng of a doubl e hinge assenbly in
accordance with the present invention. -9-

Figure 8 is a cross-sectional view of a front cowling for use with a plurality of active field

polarized media air cleaner filters arranged in a V-bank configuration in accordance with

the present invention.

Figure 9 is an assembly drawing of first and second active field polarized media air

cleaners and a front cowling in accordance with the present invention.

Figure 10 is a cross-sectional view of a first portion of a double hinge in accordance with

the present invention.

Figure 11 is a cross-sectional view of a second portion of a double hinge in accordance

with the present invention.

Figure 12 is an assembly drawing of first and second active field polarized media air

cleaners and a double hinge assembly in accordance with the present invention.

Figure 13 is an assembly drawing of a double hinge assembly in accordance with the

present invention.

Figure 14 is an isometric view of a conductive holding frame for use with an active field

polarized media air cleaner in accordance with the present invention.



Figure 15 is an isonetric view of a retaining clip or
el ongated spline for use in conjunction an active
field polarized nmedia air cleaners in accordance with
the present invention. Figure 16 is an assenbly
drawing illustrating the use of a dielectric nedia
support franme in accordance with the present

invention. Figure 17 is a cross-sectional view of an
assenbly illustrating the use of a retaining clip or

el ongated spline to hold an conductive outer screen in
a conductive holding franme Epr use in conjunction with
the present invention. Figufe 18 is a cross-sectiona
view of a dielectric nmedia support frame in accordance

W th the present .inventjon. FEiqur | S.ps : s
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di el ectric media support frame in accordance with the
present invention. Figure 21 illustrates the rigid

conducti ve outer screen and conduc%ixe haldigg fra .
Figure 16 is an assembly drawing illustrating the use of a dielectric medra support irame i

accordance with the present invention.

Figure 17 is a cross-sectional view of an assembly illustrating the use of a retaining clip or
elongated spline to hold an conductive outer screen in a conductive holding frame for use

in conjunction with the present invention.

Figure 18 is a cross-sectional view of a dielectric media support frame in accordance with

the present invention.

Figure 19 is an assembly drawing showing a high-voltage probe and high-voltage contact

screen in accordance with the present invention.

Figure 20 illustrates the use of the dielectric media support frame in accordance with the

present invention.

Figurc 21 illustratcs the rigid conductive outer scrcen and conductive holding framc

including a high-voltage probe and high-voltage contact shield in accordance with the

present invention.



i ncluding a high-voltage probe and hi gh-vol t age
contact shield in accordance with the present
invention. -10- Figure 22 is an assenbly draw ng
illustrating the use of a dielectric media support
frame in accordance with a second enbodi nent of the
present invention. Figure 23 is an assenbly draw ng
illustrating the use of a dielectric nmedia support
frame in accordance with a third enbodi ment of the
present invention. Detail ed description

-10-

Figure 22 is an assembly drawing illustrating the use of a dielectric media support frame in

accordance with a second embodiment of the present invention.

Figure 23 is an assembly drawing illustrating the use of a dielectric media support frame in

accordance with a third embodiment of the present invention.

Detailed description

A plurality of active field polarized media air cleaner panels (filters), arranged in a V-bank
configuration 100, in accordance with the present invention is shown in figure 1. The
individual filter panels 101 may be referred to herein as either a “panel”, “filter” and/or an
“air cleaner.” A plurality of active field polarized media air cleaners 101 are organized into
a plurality of stackable modules 102 each module having a width W, a height H and a
depth D that is variable, depending on the application. In particular, the V-bank 100 in
figure 1 contains eight stackable modules 102 each of which contains eight individual

active field polarized media air cleaners for a total of 64 air cleaners.

A typical active field polarized media air cleaner is shown in figure 16. A first pad of
fibrous diclcctric material 16A is disposcd above a center screen 110. On the other side of
the center screen 110 is a second pad of dielectric filter material 16B. The first pad of
dielectric filter material is attached to the dielectric media support frame 120 by a suitable
means such as adhesive material 121A or ultrasonic welding. Above the first pad of

dielectric filter material 16A is a first conductive outer screen 12A. Below the second pad



A plurality of active field polarized nedia air

cl eaner panels (filters), arranged in a V-bank
configuration 100, in accordance with the present
invention is shown in figure 1. The individual filter
panel s 101 may be referred to herein as either a
"panel ", "filter" and/or an "air cleaner." A plurality
of active field polarized nmedia air cleaners 101 are
organi zed into a plurality of stackable nodul es 102
each nodul e having a wdth W a height H and a depth D
that is variable, dependingign the application. In
particul ar, the V-bank 100 i'n figure 1 contains eight
st ackabl e nodul es. 102 each of which contains eight
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pad of dielectric filter material 16A is a first
conductive outer screen 12A. Bel ow the second pad of
dielectric filter material 16B is a second conductjve
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120, a first pad of fibrous dielectric material 16A a
center screen 110 and second pad of dielectric filter
material 16B. The filter holding frame that holds the
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AERODYNAMIC FRONT COWLING



-12- A cross-sectional view of an individual nodul e
102 fromfigure 1 is shown in figure 2. Each of the

i ndi vidual active field polarized nedia air cleaners
110A, 110B, 110C, 110D, 110E, 110F, 110G and 110H are
held in place in a V-bank formation. At the front of
the nodule 102 a plurality of cowings holds each
filter in place. In particular, there are two end
cow i ngs 104A and 104B at the top and bottom of nodul e
102. In between the two end cowings, there are three
m ddl e cowl i ngs 106A, 1061% and 106C. The aerodynam c
shape of the cowings provT&es for a |ower formdrag
airflow thereby reducing the static (air resistance)
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endreaylifigy 1084tand |1 4B airibie op ghd beitommefaneduiecl02; B hweey the two end
bet ween panels or nodul es. The center cowing 106C |
covlinigs diswze areftines middigicaydingn d0GA.t LRER b £ 0950 The serodyypmic shape
and 107C. A detailed view of an end cowing 104Ais |
ofsthe wawlingsf prgvides 1 aAnwenfori dreg aithov tagrburredyeine; e satic (air
7) is coupled to the end cowing 104A by a dovet ai
repistatide) of the fittétrer enbodi nents of the present invention,
the dovetail may be of a variety of shapes such as
"L"s or "T" '"s or alternately there may be no nmati ng
protrusion and the cow ing would be bonded, screwed or
AGichiledvis® oftatceniaechvilingtl06Cfis sHoemn ih dlguiiersy Af reamorable caplI®7A is
second pads of dielectric filter material 16A 16B and
copRané @le tHEy ®F heldbiliag €060 bplaatbveteil joinki Fherimovableree permits
support frame 120A. The dielectric nedia support frane
thd 2846xtiof ohﬁ'pdw%ﬁsu@%l@rcl(%b EhavaRowR b $tpjeR Thixoshikdst thes electronics in
frame 116A and a | ower conductive frane 116B. The

thb ?Wér éﬁ@ﬂ?Ll@BC\ﬁ%n{ 1ha iR skdbBanbingelupd & drotrogrotieied surfaces of the
attachnment point 107B of the center cowing 106 by a
oRVRIRhb1din@ifAines and system housing. Further, the center cowling 106C provides
a chase or tray for both low and high voltage wires to be run between panels or modules.
The center cowling 106C includes a first and second attachment points, 107B and 107C. A
detailed view of an end cowling 104A is shown in figure 6. An end piece 109 (shown in
figure 7) is coupled to the end cowling 104A by a dovetail joint. In other embodiments of
the present invention, the dovetail may be of a variety of shapes such as “L>’s or “T"’s or

altcrnatoly there may be no mating protrusion and the cowling would be bonded, screwed

or otherwise attached to the filter holding frames.

A completed assembly of the aerodynamic front cowling coupled to the filter holding

frames of two active field polarized media air cleaners is shown in figure 9. First and



Simlarly, first and second pads of dielectric filter
material 17A, 17B and a center screen 110B are coupl ed
to a dielectric media support frame 120B. The
dielectric nedia support frame 120B is held in pl ace
bet ween an upper conductive frane 116C and a | ower
conductive frane 116D. The upper conductive franme 116C
is coupled to the attachnment point 107C of the center
cow ing 106 by a dovetail joint. The center
aerodynam c cowl ing 106 provides for |ower formdrag
airflow over the two activejfield polarized nedia air
cl eaner panels. Further, it decreases assenbly tine of
t he nodul es. REAR DOUBLE HI NGE MR SEAL At the rear of
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Similarly, first and second pads of dielectric filter material 17A, 17B and a center screen
110B are coupled to a dielectric media support frame 120B. The dielectric media support
frame 120B is held in place between an upper conductive frame 116C and a lower
conductive frame 116D. The upper conductive frame 116C is coupled to the attachment

point 107C of the center cowling 106 by a dovetail joint.

The center aerodynamic cowling 106 provides for lower form drag airflow over the two
active field polarized media air cleaner panels. Further, it decreases assembly time of the

modules.
REAR DOUBLE HINGE AIR SEAL

At the rear of the module 102 (figure 2) a plurality of double hinges holds each filter in
placc. Each doublc hinge is comprised of three hinges H1, H2 and H3. As shown in figurc
3, the first hinge H1 has a first attachment point coupled to an upper frame 112A, and a
second attachment point coupled to a lower frame 112B. The hinge H1 has a pivot point

that permits the lower frame 112B to rotate away from the upper frame 112A so as to



Simlarly, as shown in figure 4, the second hinge H2
has a first attachnent point coupled to an upper frane
114A, and a second attachnment point coupled to a | ower
frame 114B. The hinge H2 has a pivot point that
permts the upper franme 114A to rotate away fromthe

| ower franme 114B so as to allow a replacenent filter
nedia to be inserted into the active field polarized
media air cleaner 110H. A third hinge H3 as a first
attachnment point coupled to the first hinge H and a
second attachnent point coglLed to the second hinge
H2. The third hinge H3 has a third pivot point such
that the upper active field polarized nedia air

| eaner (112 112 can rotate as.a unit.w 3 .
a Q}”FHEPIF%W‘AQ%?W@? RN %?egrl t??etae ﬁéeif(?leaﬁeg #&%ﬁgﬁé@h a
(114A, 114B). The use of double hinges at the rear of
clesut HG.02 provides for flexibility in nounting active
field polarized nedia air cleaners at different angles
Wi th respect to each other. The double hinge at the

rear of the nodul e 102 al sq_ praqvides _a gooﬂ@gir S

a
Stmilarlyeasrshewn B figurrd.the seeand hingg d12fas & frsh ptige Sxfimp L poped to
angl es for nounting individual air cleaners. The
apoter Fowe d &k, sprovirerad i5gemva! ROREPER] Ruloder Pifes 1148 The
of the filters reduces blow by, i e. the the portio% h
himie HRchagiar pigot podnh thatpstmids the uphe frame B4 Ay irle Auf trom the
wi t hout passing through the filter nedia, The double .
ldwen lemef11#B eo ps e alisw & rptasemen filisr RGP Phinriedtialp the active
detail in figures 10, 11, 12 and 13 Each hinge is
fitldrpotnel zdaymadipiinsleaner BMOE:. usi on conprising rigid and
flexible plastic regions. In figure 10, a first hinge
has a first attachnent point 140 and a second
attachnent -15- .
A third hinge H3 as a first attachment point coupled to the first hinge HI and a second
attachment point coupled to the second hinge H2. The third hinge H3 has a third pivot
point such that the upper active field polarized media air cleaner (112A, 112B) can rotate
as a unit with respect to the lower active field polarized media air cleaner (114A, 114B).
The use of double hinges at the rear of module 102 provides for flexibility in mounting
active field polarized media air cleaners at different angles with respect to each other. The
double hinge at the rear of the module 102 also provides a good air seal at the rear of the
filters regardless of the different angles for mounting individual air cleaners. The positive
seal provided by the double hinge at the rear of the filters reduces blow by, i.e. the the

portion of the air stream passing by the filter arrangement without passing through the

filter media.

The double hinge of the present invention is shown in further detail in figures 10, 11, 12
and 13. Each hinge is formed by a plastic extrusion comprising rigid and flexible plastic

regions. In figure 10, a first hinge has a first attachment point 140 and a second attachment



poi nt 144. The first and second attachment points 140,
144 rotate with respect to each other around a pivot
area 144. The attachnent points 140, 144 are generally
rigid plastic or other material conponents as conpared
to the nore flexible material, typically plastic, of
the pivot area 141. The pivot area 141 is typically
made of flexible plastic, which fornms a pivot point
about which the first and second attachnent points
140, 144 may rotate. Qther conbinations of materials,
for exanple netal and rubbers- are al so possible. As
shown in figure 13, two of the hinges of the type
shown in figure 10 are used in conbination with a
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hi nge 140B and the third hinge 142A forns the double
hi nge of the present invention. Figure 12 illustrates
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extrusion (or other suitable material) haying shape .

shoyfimsigO hagoe e givot pise At 1R b fhirddunes 1R 1 figwe 13 (also Hhown in
attachment _point of the first hinge 140A. The | ower,.

figys d i has\aelinpty aigshmend pami42 gpd SF‘FQ*‘gtaﬁthFfieé*r PYIBNAP, Whigrotate
Is an -16- alum num extrusi on having a shape forn1n? .

with gespect 1 gach efher abeuipives gread 43 Hde Siet atierhmentaopyehlinge 142A 1s
point of the first hinge 140A. As will be discussed

catpidwire: dovetailgotnt tnibe finst Bimge 146 Thasecond giteshmepicroiggfof hinge
non-conductive material. Simlarly, the upper

1€ nisrorplod vieradnyeteilg@noto thieecornd binge f#08. dihe gassmblylafsiBe first
is an al um num extrusi on having a shape formng a

hidges #406, [thg ssicond iogp I 40B angl thé éhifd isge H2Aaotmethe doublathinge of
of the second hinge 140B. The | ower conductive frane

the pEEend fnvelonsecond filter panel 115B is an al um num
extrusi on having a shape form ng a dovetail joint
coupled to the second attachnment point of the second
hi nge 140B.

Figure 12 illustrates two active field polarized media air cleaner panels coupled to a double

hinge. The upper 116A and lower 116B conductive holding frames of a first filter pancl
115A are coupled to the first hinge 140A. In particular, the upper conductive frame 116A
of the first filter panel 115A is typically an aluminum extrusion (or other suitable material)
having a shape forming a dovetail joint coupled to the first attachment point of the first

hinge 140A. The lower conductive frame 116B of the first filter panel 115A is an



Thus, the upper conductive frane 116A and the | ower
conductive frane 116B of the first filter panel 115A
may rotate with respect to each ot her about pivot
poi nt 141A of the first hinge 140A. Simlarly, the
upper conductive frane 116C and the | ower conductive
frame 116D of the second filter panel 115B may rotate
with respect to each other about pivot point 141B of
the second hinge 140B. Finally, by use of the double
hi nge of the present invention, the first filter pane
115A and the second filter P nel 115B nay rotate with
respect to each other abouffgivot poi nt 143 of the
third hinge 142A. Alternatively, the outer frane

menbers 116A, ' 116B, 116C,. 116D construct ed of
aupRUTRy cEirusiqn Bayipgy S FOTRER * TR0, bR AL G second

constructed_into a substantially rectanqular fra
eefrrameRei 8f (e S Binge (40, Asiol 1o disFysgeH Gocriprec aranes L16A,
t hen be screwed, wel ded, or otherw se secured to the

11 6Bamey psrbemade afjagongepdpctiopeitle and cow i ng

assenblies could instead of dovetail joints, be

screwed, bonded, or otherw se secured to the sides of

the frame Further, the "dovetail" as disclosed above .
Stroildrky, e sppercopductive fggme 116C of ghpssecogd opiert prael b @8 an
provi de a positive attachnment between the frame nenber
aluinurinexthusiog daving & Mepe foymings davkieil dejoll dorpled 1 thyBrst aifgehment
| MPROVED ELECTRODE DESI GN Wil e various air pernmeable
point of thalsscoad chingei d¥BaTee dhoee covbigtivanfrate 1H61 of thergecond filter
(e.g., for use as the center screen), extruded plastic
paed 11 5R)isi s ahohindinsextrosiedhaving # st forindisg 4 doveailt joing oupled to
are made froma wide variety of materials, with either
tHe@acond atidchmentarogit by thp gboped hinkeikdB.bei ng anong t he nost
common. The extruded plastic netting is typically made
conductive by addi ng carbon or other agents to the
plastic resins. The resulting conductivity is variable
TR E0donaldtive BependsAgnd thetibwerspadictive fifune TidBiof the first
used. Fire retardants are al so used to nmake the

£ilvet S¥hbial 15 Alhdyalolage ¥k rdif&:t @Scadh 6t SouSsiveeoine 16tA vHde first
inactive field polarized air filtration applications.

nipst nuele iRhiASY, ke Wit Edpdudtie Fahrl 1 166 @R lotvettldidive frame
have many advant ages from nmanufacturing and
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active field polarized nedi'a air cleaner. The primary
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round the openings netting).
respect to each other about pivot point 143 of the third hinge 142A.

Alternatively, the outer frame members 116A, 116B, 116C, 116D may be constructed of
tubing or “L”’s that arc formed, welded, or otherwisc constructed into a substantially
rectangular frame. The external screens (124, 12B in figure 16) could then be screwed,
welded, or otherwise secured to the frame members. Similarly the hinge and cowling
assemblies could instead of dovetail joints, be screwed, bonded, or otherwise secured to

the sides of the frame. Further, the “dovetail” as disclosed above could be a “I” or “L” or



When using higr voltage potentials between el ectrodes,
a nunber of factors contribute to the propensity for
arcing, spraying and corona di scharge and the point at
which it occurs. The inportant factors include the
shape, consistency, flatness, and spacing of the
menbers or fibers of the el ectrodes. Sharp edges,
burrs, kinks, stray fuzz or fibers, points, etc. al
pronote spraying and corona di scharge. Because of its
fabrication process, extruded plastic netting is
substantially free of thesejflefects. The resultant
center screen grid therefore -18- allows for maximm
operational voltages and therefore higher field

oftfet %@E A5t W1 EREEE Bgé.itli\;eea[ﬁagﬁ dnf bERRLERe frame member and the

Spe Ircally, 1"t has been found that a center screen

tﬁgﬁ: ic netting can carry an
h%%%?%%%gﬂgﬁﬂvo tgggggﬂgégéghigher than a carbon

i npregnated foam and up to 40% hi gher than an al um num
screen. Although a | owdensity polyethylene is an

%kéﬁ? ial his application, as it lies
I@%&St n ?%?@?ﬁ?Pgﬁ?&gg er materials substantially

| acking in sharp features such as sharp edges, burrs,
ki nks, stray fuzz or fibers, points, etc. will also be
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the eight active field polarized nedia air_cle nerg )
amopg the ek conmge, They ptruded plestionesins # fgricalydmaceoqndugtive by
figure 5. It should be noted that there could be one .
agklings parbemopy §iher igentd tasthg plagtc gasins pEisaiesuliing condysdiyjits isoyariable
all nodules in an HVAC system or one power supply per
ansh pratrollate depsading en dherspeeifie dopaiaveseh. Jipraietardagtspe also used to
redundancy and overall systemcost. Therefore, the '
mpkethermatertal suitgbledon uspree vicarist scren eleoireste mraetve gighfapadarizgd air
share a single power supply w thout one panel being
filitstien tapplicdtienss Ekyudedpdestic tistingpostatidl dns deent famdtthdave many
panel s sharing the sanc power supply. In accordance
adviahfagesnieora specictofing el qreeationdl standpoitts dor,use ke ax eletterde in an
screen of each active
active field polarized media air cleaner. The primary advantages of extruded plastic netting

derive from the shape and form of the members of the netting (particularly the lack of

sharp edge shapes formed around the openings of the netting).

When using high voltage potentials between electrodes, a number of factors contribute to
the propensity for arcing, spraying and corona discharge and the point at which it occurs.
The important factors include the shape, consistency, flatness, and spacing of the members
or fibers of the electrodes. Sharp edges, burrs, kinks, stray fuzz or fibers, points, etc. all
promote spraying and corona discharge. Because of its fabrication process, extruded plastic

netting is substantially free of these defects. The resultant center screen grid therefore



field polarized nedia air cleaner is resistive rather
t han conductive. As shown in figure 5, the eight
active field polarized nedia air cleaners 110A, 110B,
110C, 110D, 110E, 110F, -19- 1100 and 110H are
represented by the synbols for a resistor. In
particul ar, high-voltage power supply 108A is coupl ed
to the center screen for the three active field

pol ari zed nedia air cleaners 110A, 110B and 110C.

H gh-vol t age power supply 108B is coupled to the
center screen for the two agtive field polarized nedia
air cleaners 110D and 110E. Finally, high-voltage
power  supply 108C is coupled to the center screen for
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y.short circuit 110S) the remmining resistance,of the
B‘@ﬂf peretBylengjs ap @fﬂeé?nt spjegafop s apaticatifg as r—fglref S‘&’i*ﬁ%lahly flat,
and hi gh-vol tage power supply, would permt
ofrermalppPls apestysabt laskipp iy Shpeyh eafigosceh oh 0D Ga8est s, Kinks,
Thus, even if the center screen of filter 110H has
stz aordbersdpaies.gi wilialse PRAPBEaRERtef i | t ers connected to
t he sane power supply (nanmely 110F and 1100) woul d
continue to operate. If, as in the prior art, the
center screen was hlghly conductive, then a sho
RESISUVE GINTReSCREENANE MARTIASE EEGH V&MMFe%%W& SPPPLY
the col l apse of the voltage fromthe high-voltage
power supply thereby disabling all of the filters
connected to the same high-voltage power supply. To
Tay aérddgasho cawliigs cbown iim figlre X enthotlowc prbkin gichonidle cowling
filter fromdisabling other filters, prior art banks
106A,fid6éBemd 1060theeds & oespantiee ptglmltsgeppjvyer papply i1084er108B and
The resistive center electrode (screen) could be nade
lo?c.al‘h‘éalﬁr'b@hfgh @bltdpatpetverdupplics 108 A X HIB and 18BC ext shexdd dmong the
pl astic net or
eight active field polarized media air cleaners 110A, 110B, 110C, 110D, 110E, 110F,

110G and 110H. See figure 5. It should be noted that there could be one power supply for
several or all panels in a module or all modules in an HVAC system or one power supply
per panel. The goal is a balance between operational redundancy and overall system cost.
Therefore, the present arrangement provides for two or more panels to share a single power
supply without one panel being able to adversely impact the operation of the other panels

sharing the same power supply.

In accordance with one aspect of the present invention, the center screen of each active
field polarized media air cleaner is resistive rather than conductive. As shown in figure 5,

the eight active field polarized media air cleaners 1104, 110B, 110C, 110D, 110E, 110F,



-20- carbon inpregnated foamor nesh. In a further
enbodi nent of the invention the center screen woul d
have odor-absorbi ng properties, such as a carbon

i mpregnated foam or nmesh. Furthernore, high-voltage
power supplies 108A, 108B and 108C are nmde vari abl e.
That is, the output voltage provided by power supply
108A to the center screens of active field polarized
nmedi a air cleaners 110A, 110B and 110C i s adj ustabl e.
Simlarly, the output voltage provided by power supply
108B to the center screens_pf active field polarized
nmedia air cleaners 110D and 110E is adjustable_In
simlar manner the output voltage provided by power

(AT P i o S HOLE PR Ui Y bl igh vt
SRR Pl AT Bl B P e f s
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However, the highest possj.ble | tage i s dependent,  on .
Fénaljgrhagh-yolfaggpayes altmbglsOSQ 1§ FQUR t%ﬁ]% CRRIRA SqTEY .?Of ¢ three active

hi gher_ voltage | evel is desirable where the filters
figldpolagigedimedagianghcloaneis 4 195406 prt HOFon.  conversely, at

hi gher altitude a | ower voltage is desirable. The
optimum voltage is also related to humdity. In dryer

- climates, a higher voltage na%.be applied to the

The ishasedshigh-velsage parer srpplyl in cOPIbiRgtiens Wil setepigiie Gepter screen and
hi gher humdity conditions a | ower voltage to prevent
agtiveifielyl podarided edib air clepher paapitssthefiters tostidl continge-tg gperalg én the
powcr supplies 108A, 108B and 108C permts the )
vk thot fhokenddr sarecopf oreedf ted aveleansrsas shored & grownsd Ber example, if
appropriate altitude and climate conditions. Further,
theventar scraay of/Bltdr 4 §@H wiekd shbredsto fgravod (asrillestrated by areqiicyit 4105)
of both the charged el ectrode and the nedi a.

théakinatnirgi sistaice tofieheppamtion sfifhplcpntet $avewm Hebweenttke short 110S and
opti m zation of the voltage depending on the materials
higgedlitag pelel .suppl@Iwould permit high-voltage power supply 108C to continue

operating. Thus, even if the center screen of filter 110H has been shorted to ground, the
other filters connected to the same power supply (namely 110F and 110G) would continue

to operate.

If, as in the prior art, the center screen was highly conductive, then a short circuit of one of
the center screens would result in the collapse of the voltage from the high-voltage power
supply thercby disabling all of the filters connected to the same high-voltage power supply.
To avoid a short circuit in the center screen of one filter from disabling other filters, prior
art banks of filters provided for one power supply per filter. The resistive center electrode

(screen) could be made of a variety of materials. For example, an extruded plastic net or



DI ELECTRI C MEDI A SUPPORT FRAME A cross-sectional view
of a dielectric nedia support frame 120 in accordance
with the present invention is shown in figure 18. The
dielectric nedia support frame, which is typically
formed by extrusion, includes vertical flanges 120A
and 120D. The dielectric nedia support frame 120 al so
i ncl udes horizontal flanges or shelves 120Cl1 and
120C2. The horizontal flanges or shelves 120Cl1 and
120C2 forma recess 122. Opposite the recess 122 is a
protrusion 124 having flexige fins 126 on both sides.
Figure 16 illustrates the use of the dielectric nedia
support frame of the present invention in an active

field | ari.zed di ; | : _
cttheh GPBPE R s BB R, A aygt of e MR Ine bentr
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the filter nmedia. Another function of the dielectric
medi a support frame 120 is to prevent arcing to the

upper or | ower conductive hol ding fr 116A, ,116B
Fyrieprmgtty bighAkes JIoRGY FHypHts B ondbm sl Celtig BadgyaraRig- That
_center conductive screen 110. T31g00ﬁgplish t hese. . feld
is; thecruinyh ¥oltagn aroyisiet &y POWFRAPLY 11§84 4o g cantensehieat of affive tie
one of the shelves 120Cl, 120C2 form ng the recess 122
polerigdemeriie i coleapers HAAq | LR prdt 116G M‘f@é’l@- &H‘mﬁaf? » the output
alternate enbodi nent of a dielectric media_suppo %% .
véltagrepravided binpereerouelyc8Ri toHhe Kentprwisent of AR s pplarized
shown in figure 22. In lieu of a recess, the

netidiel sic tlemsrarbdiDh apdippFE s sdjunteblel Jo Xiriles angp e output voltage
hori zontal flange or shelf 120Z. The first pad of L
pebiviled dyrriowref suppbr 1086} tortha bent® Acrepieof iy ficld polagined mpdia air
and the second pad of dielectric filter nmaterial 16B
cle@sdrs 110F2110Geng 1@ 0H islRpiBtablehe first pad of dielectric
filter material is attached to the dielectric nedia
support franme 120 by a suitable neans such as adhesive
material 121X or ultrasonic wel ding.

Adjustability of the high-voltage potential applied to the center screens of the active field

polarized media air cleaners permits an optimization of electrostatic field strength.
Generally speaking, the highest possible voltage before arcing occurs is the most desirable
choice. However, the highest possible voltage is dependent on several factors such as
altitude and humidity. A higher voltage level is desirable where the filters are installed at a
sea level location. Conversely, at higher altitude a lower voltage is desirable. The optimum
voltage is also related to humidity. In dryer climates, a higher voltage may be applied to
the filters without arcing. In climates experiencing higher humidity conditions a lower
voltage to prevent arcing is desirable. The adjustability of high-voltage power supplics
108A, 108B and 108C permits the selection of an optimal electrostatic field under
appropriate altitude and climate conditions. Further, the arcing voltage will be a function of
the materials of both the charged electrode and the media. Variability of the power supply

allows for the optimization of the voltage depending on the materials used as well.



Yet another alternate enbodi ment of a dielectric nedia
support franme 120Y in accordance with the present
invention is shown in figure 23. In figure 23 the use
of adhesive material (121A and 121B in figure 16, or
121X in figure 22) is elimnated. The recess 122Y is
made | arge enough so that the first pad of dielectric
filter material 16A, the center screen 110 and the
second pad of dielectric filter naterial 16B are
positioned in the recess 122Y of the dielectric nedia
support franme 120Y. Alternabively, the

i nsul ati ng/ conductive properties of the dielectric
medi a support frame (120 in figure 16) and the upper
and | ower conductive holding franmes (116A, 116B in
figure 16) could be reversed. That is, the nedia

ﬁﬁmm{:m 26p g gonductive (or not a

conpl ete |nsuF%tor and the upper and | ower hol ding
frames 116A, 116B could be an insulator (i.e. a

di el ectric or non- conductive material) or be insulated
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Figure 16 illustrates the use of the dielectric media suppért frame of the present invention
in an active field polarized media air cleaner. A first function of the dielectric media
support frame 120 is to permit the center screen 110 of an active field polarized media air
cleaner to extend all the way to the edge of the filter media. Another function of the
dielectric media support frame 120 is to prevent arcing to the upper or lower conductive
holding frames 116A, 116B and reduce the spraying of corona at the edges of the center
conductive screen 110. To accomplish these functions, the center screen 110 is held in
place on one of the shelves 120C1, 120C2 forming the recess 122 of the dielectric media

support frame 120.

An alternate embodiment of a dielectric media support frame 120X in accordance with the
present invention is shown in figure 22. In lieu of a recess, the dielectric media support
frame 120X has a single horizontal flange or shelf 120Z. The first pad of dielectric filter

material 16A, the center screen 110 and the second pad of dielectric filter material 16B rest



support frame forma positive seal between the upper
conductive holding frane 116A and the | ower conductive
hol ding frane 116B. Alternatively, the protrusion from
the dielectric nedia support franme could press agai nst
t he upper conductive holding frame 116A and/or the

| ower conductive holding frane 116B rat her than being
pressed between the upper and | ower conductive hol di ng
franmes 116A, 116B. In general, protrusion 124 is any
shape that creates a positive seal between the nedia
support franme 120 and the ding frame(s) 116A, 116B.
FLAT CONDUCTI VE OUTER SCREEN A first conductive outer
screen 12Ais held in place by the upper conductlve

A A0 e
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o upper and | ower conductive frames 116A and 116B
“@égﬁéctlvely are omtted in figure 16. A

cross-sectional view of the retaining clip 118 is
illustrated in figure 15. A detail view of how the
retaining clip 118 is assenbled with the conductive

Yiet anpgher 1136%6 eRbRidiment of p diglestricmeds ugport framae L paceerdance
outer screen 12 is inserted into the recess of the
WP SREiINeItign Aystorarte figurs 23 Thdaer 2the uppef adhesive material
retaining clip 118 is rotated into place. The

(128 aind (131 i figora 1@ onbd dsin figarecdhinpininatedo lhasiecast 1 20nis made
12 in the conductive holding frame 116. The retalnlnP

large qmouglBsoi thatalre fkiorad af digleetpik ifilter material A G sthe prnteerperel 10 and
| ength of the frame. The conductive outer screen 12

tHei sacdridgpad ef Lidlecirsc ket enadériah 168 fafd posgionkq, ity thgireicess 122Y of the
material so as -24- 16B in figure 16). The conductive
dieittieic nxclisssappdiPfrgree HHOYS air to flow through it. The
conductive outer screen 12 nay be nade of perforated
solid sheet material or of expanded sheet material,

for exanpl e expanded netal. Expanded netal is sheet
Aneinetivelt, thdaisulangddontiuainel prpkities ofperdiclsarit atliat upport frame
slits stretch open to form passageways for airflow.

(120 in figure 16) and the upper and lower conductive holding frames (116A, 116B in

figure 16) could be reversed. That is, the media support frame 120 could be conductive (or
not a complete insulator) and the upper and lower holding frames 116A, 116B could be an
insulator (i.e. a dielectric or non-conductive material) or be insulated by having a holding
clip wrap around the mating surfaces of the holding frames or by having an insulating
material applied to them. In the latter case, the media support frame 120 may be omitted
with the center screen 110 sandwiched between upper 116A and lower 116B non-

conducting and/or insulatcd holding frames.

A second function of the dielectric media support frame is to form a positive seal between
the upper conductive holding frame 116A and the lower conductive holding frame 116B.

For the latter purpose, the protrusion 124 and flexible fins 126 of the dielectric media



The conductive outer screen 12A, 12B being rel atively
rigid conpared to the pad of fibrous dielectric

mat eri al 16A, 16B, conpresses the dielectric materi al
preventing a bowng or "pillow effect. Thus, when the
conductive hol ding screens 116A and 116B are cl osed
around the pads of dielectric filter material 16A and
16B, the conductive outer screens 12A and 12B are
substantially flat and substantially parallel to each
other. Substantially flat conductive outer screens
12A, 12B provides for a noreszuniformfield throughout
the active field polarized nmedia air cleaner. In the
prior art, the outer screen flexes into a pillow

sﬁﬁﬁ&?ﬁradl@fo‘l’ﬁ'a%s&§§ Seal Bw BB hEWPP LA UR e HRAENJ 1§ame 116A and

IT'm ted by the m nimum spacing (typically near
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o dreoti¥ Redl erviop dnt PROPapPe g 120 dpd g bStifie rameo
1h€§ ﬁsged in figure 16, a first termnal of a

h-Vvol t age power supply 108 is coupled to the center
screen 110. In the prior art, a high-voltage probe

woul d pass through t he conductive outer screen,

e pad flbrous dielectric material 16A or
F@ﬁﬁd&ﬁﬁg hggﬁ“{ﬁ%& ds 16A and B to nmake cont act
by pressing agai nst the center screen 110. Oten, such
contacts were unreliable. If the high-voltage probe
failed to make contact with the center screen, then
Ay st eongleriive opisT sraceal 12dtip beld A placs piethg vaps serducties Hrams 116A.
of dielectric filter material 16A, 16B greatly
Ay seg0Rs prpdupfiverauiar deree 7538 helg. in pce e o ever goadstis fame
oi nt of a hi h vol tage probe often resulted in the
E@ &pr thy vke e ¢lemfa, @nad¢tgningrobpng 18 dn figeres dhdud i tbat bold the
outer screens 12A, 12B. Further, because the center
ogfer earensaly iend 12B toypppenlahy ls\par smmdagitye aframeset Ifdalbhde 116B
and because the contact area was relatively small
reapesiingy ecudrditted adfigwe df. Arwasss-eectiohaltviev of teartagirgedip 118 is
and a loss of contact. |In accordance with the present
illustraet indigureaal £ dndetdt viee ofiew thsretdidiag hige 1 1 ®istabembadtvath the
screen in the area where the high voltage probe woul d
conelketive ofitnaec 1116 Be showinginr £guk® .17 ABstN theacondindtiae tousr &dret0 12 is
the center screen allows for the use of a nore
ins@rsadlinte fiie 1@0dse bf ik caibhchivwe Hddiig frhm€ 11 ER TDeteherathe detsihing clip
contact with the charged el ectrode (center screen).

118 Rotited REPHIbETNe RRAiBECTY 118Q01NBLY RnIREQE bdtbr defeen 12 in the
used, a piercing or penetrating high-voltage probe nay

R lhexa, frand1 1 end k3408 MP U #ishe GdhoBich fa]i%cstha%ms the

of the center screen. However, with denser filter

en®®8leReth bf thk Srapcef erable to have one conductive disc
press agai nst the denser filter media and anot her

conductive di sc press against the center screen. The
two conductive discs would be mechani cal ly an

T]feI &%ﬁ&clﬂggout r &%QHqﬁt(%dﬁgtuPe 1s ma&e ta: sufficiently rigid material so as

to lie substantially flat when placed against the pad of fibrous dieleciric material (16A or




-26- In accordance with the present invention, a

hi gh-vol t age contact protected by a high-voltage
shield to reliably contact the center screen is shown
in figure 19. Arivet 136 is passed through a hole in
the center screen 13. A conductive disk (e.g.
titanium 133 secures the rivet 136 to the center
screen 13, which provides a good connection between
the rivet 136 and the charged el ectrode or center
screen 13. Alternatively, a second netallic disk can
be placed beneath the head gf the rivet. In a further
enbodi mrent of the invention, a high-voltage probe 130
passes through the conductive outer screen 12A and

t I pat | hi gh:.vol . .
I BBE 5k Tuf B PSR bR, o ety . e
SRR G e LS okt AR B gt oo epanded
so<aieicigh TRl HREAeT TRl IO i Rt Py et i sl
t he igh-voL@aqg ﬁrobeggaé be routed on tg? i.nsi de of
apfh gul THEE V& B e S OBAS O IBAPSPEEEAYS A B OVt ew of

the filter media in figure 19 is shown in figure 20. A
dielectric nedia support franme 120 surrounds the pad

of dielectric filter material 16A.. The rjvet or
ThetRBAMRENE OHEERATIBd2HaddR doing BlalYrely Kigid semepsred to the pad of
dielectric filter material 16A. A top view of the )
forausedielneiric medterial 1104, f16B; epmpissies then dicjegiricematgriplgpreventing a
shown in figure 21. Four conductive outer filter

bawingi avgrillowneffpiteBs, whep thghepndaeiive hplding sercesdl 18478d 1368 are
forma frame to hold the conductive outer screen 12.

ciised mioyhd ths! pedy of slimlecids fii@ampteriad it imsh &6B.\ihe lspislugtife outer
i nsul ati ng hi gh-vol tage shield 132A

screens 12A and 12B are substantially flat and substantially parallel to each other.

Substantially flat conductive outer screens 12A, 12B provides for a more uniform field
throughout the active field polarized media air cleaner. In the prior art, the outer screen
flexes into a pillow shape, in which case the maximum high-voltage is limited by the
minimum spacing (typically near the edges). In the prior art, most of the screen area in the
middle of the active field polarized media air filter will be much further away from the
center screen (as compared to the area near the edges) thus reducing the electrostatic field
which in turn reduces the efficiency of the filter. As compared to the prior art, the
electrostatic field of the present invention will be more uniform throughout the filter media

and can be sustaincd at a highcr voltage and thercfore support a greater clectrostatic ficld.

IMPROVED HIGH VOLTAGE CONTACT WITH CENTER SCREEN



-27- I n operation, when the conductive outer filter
hol ding frames 116A and 116B (figure 19) are cl osed
around the filter nedia (120, 16A, 13 and 16B) the

hi gh-vol t age contact 134 contacts the head of the
rivet 136. Al so, the high-voltage shields 132A and
132B slightly conpress the pads of dielectric filter
mat erial 16A and 16B. The hi gh-voltage contact 134
assures a reliable connection with the head of the
rivet 136. The insul ating high-voltage shields 132A,
132B reduce the spraying of.pgorona fromthe tip of the
hi gh-vol tage contact 134. Furthernore, the insulating
hi gh-vol t age shi el ds 132A, 132B reduce the chances of
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Bk SR relonte Birisre FRUICE nartSnPdy e P’ e s of
.asten passi h h the center screegn. and _holdin
P e RS T gy O Torheregt Bl SEvieay- FHghermott, e
igidity_.of.the high-voltage probe 134 aor the rigidjty .
DRt B E‘rghé’I"“%%?rRiﬁ‘& 958 Tolted ks Sudng, PP YR %na)or arcing
conjuncgtion force a positive chani cal cont act .
) ESROBAIGHNE OBl SEFEE H%‘ih i%-F\}‘gﬁiﬁraéécaﬁ%"B% cqmer sqregn Pistial is
di,sc or disc/rivet conbination 136. The result is a .
tynigakly serterae 2ipstoehlsiad beseuss dhgronticiaer Wi rokaByeht sl arcing
or nmedi a novenent or center screen (el ectrode)
cAd &eed i an erosigrgof theycopjex sorpes apfl gilopsalgogtact. 1. A fil ter
medi a conprising: a first pad of dielectric filter
material; a second pad of dielectric filter nmateri al
bei ng substantially the sanme shape and area as said
I peogtdapeedvidf the pesent snvidintésing & toriducimet desciia bttacheddte heegenter screen
screen di sposed between said first and second pads of
imlihel seeat whare thetleghi edltags aiotie c@nidemaleceoptat. bederfigure 19. Adding a
substantially the same shape and area as said first
cantect see omthe padsr sofeenl abdvechr the usmbdr mare;resdlizait material and further,
di el ectric nmedi a support frame having an inner side
ianasohit erca sf datacswitltthe chepedsdlaberodan@bmisd sagesyai d fir st
and second pads of dielectric material, the dielectric
medi a support frame having on the inner side thereof a
shelf for holding said center screen between said
Whehsd refitivelyespone fRfl e Mhtelif Ck ris€d, mBpieicing! 6r pYeELing high-
said dielectric nmedia support frame further conprises

véltdpt PedUEShBNHO BmpRGed) W8 lthe RS W8HIBMe- on either side of the center
screen. Howcever, with denscr filter media, it is preferable to have onc conductive disc
press against the denser filter media and another conductive disc press against the center

screen. The two conductive discs would be mechanically an electrically connected to each

other.



2. Afilter nedia in accordance with claim 1, wherein
said dielectric nmedia support franme further conprises
flexible fins extending fromsaid protrusion. 3. A
filter media in accordance with claim1, for use in an
active field polarized nedia air cleaner, said active
field polarized nedia air cleaner further conprising:
a first conductive outer screen; a first conductive
hol ding frame for holding said first conductive outer
screen; a second conductive outer screen; a second
conductive hol ding frame faosghol di ng sald second
conductive outer screen; sald first and second hol di ng
frames being di sposed substantlally paraIIeI to each

1P, Sy i P n?ﬁé’?%%i R CorfEf bR RO & nigh-
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conduc
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outer screen _conprises a high robe ,passi n
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insulating shield attached to said fir t con uctive

thefivet 1 36cqnddhe chatged clepfEade 8F Pw&rgﬁm@ PROBH ﬁaecgncﬁi gpetallic
gh-vol ta probe. 5. The filter nedia in accordance

d%&#ﬁnb¢EW?éibﬂMM$é@%WWd§§ﬂﬁrﬁ?bh vol t age probe

conpri ses a spring contact.

In a further embodiment of the invention, a high-voltage probe 130 passes through the
conductive outer screen 12A and terminates in a high-voltage contact 134. A high-voltage
shield of insulating dielectric material 132A surrounds the high-voltage contact 134.
Similarly, a high-voltage shield of insulating dielectric material 132B surrounds lower end
of the rivet 136 and the metallic disk 133. Alternatively, the high-voltage probe may be

routed on the inside of the conductive outer screens 116A, 116B.

A top view of the filter media in figure 19 is shown in figure 20. A dielectric media
support frame 120 surrounds the pad of dielectric filter material 16A. The rivet or

attachment means 136 passes through the pad of dielectric filter material 16A.

A top view of the frame that holds the filter media in figure 19 is shown in figure 21. Four
conductive outer filter holding framec picces 116 and four plastic cnd caps 128 form a
frame to hold the conductive outer screen 12. The high-voltage contact 134 is positioned

within the insulating high-voltage shield 132A.



6. The filter media in accordance with claim4,

further conprising a contact attached to said center
screen, said contact positioned so as to contact said
hi gh-vol tage probe. 7. The filter nedia in accordance
with claim6, wherein said contact conprises: a
fastener having a head and a shank, said shank passing
t hrough said center screen, said head of said fastener
being in contact with said high-voltage probe. 8. The
filter nmedia in accordance with claim?7, further
conprising a nmetallic di sk_gli_sposed on the shank of
said fastener, said netallic disk being in contact
with said center screen. 9. The filter nmedia in

I@Ié %eﬁ%t%?n&fﬁe rgiuat Y aéﬁerf fef H@lﬁm RS $1619 afld 3 8P kure 19)

ing s to sal second conducti ve
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contacts the head of the rivet 136. Also, the high-voltage shields 132A and 132B slightly
compress the pads of dielectric filter material 16A and 16B. The high-voltage contact 134
assures a reliable connection with the head of the rivet 136. The insulating high-voltage
shields 1324, 132B reduce the spraying of corona from the tip of the high-voltage contact
134. Furthermore, the insulating high-voltage shields 132A, 132B reduce the chances of

arcing from the high-voltage contact 134 to the conductive outer screens 12A and 12B.

The high-voltage contact 134 is typically made of rigid titanium or other resilient material.
In making contact with the head of the rivet 136, the center screen 13 may flex slightly.
Alternatively, the high-voltage contact 134 can be a spring contact to reduce the flexing of
the center screen 13. Alternative arrangements for the contact area 136 on the center screen
13 include a conductive disk on the top side of the center screen 13, a pair of conductive
discs, one on the top and the other on the bottom of the center screen, with a fastener
passing through the center screen and holding the two discs together. The key point is that
the rigidity of the high-voltage probe 134 or the rigidity of the external conductive outer
screens or both in conjunction force a positive mechanical contact between the end of the
high-voltage probe 134 and the disc or disc/rivet combination 136. The result is a firm
contact that cannot be compromiscd by vibration, or media movement or center screen

(electrode) movement.
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What is claimed is:

1. A filter media comprising: a first pad of dielectric filter material; a second pad of
dielectric filter material being substantially the same shape and area as said first pad of
fibrous dielectric material; a center screen disposed between said first and second pads
of dielectric material, said center screen being substantially the same shape and area
as said first and second pads of dielectric material; and a dielectric media support
frame having an inner side and outer side, said inner side enclosing said first and
second pads of dielectric material, the dielectric media support frame having on the
inner side thereof a shelf for holding said center screen between said first and second
pads of dielectric material; wherein said dielectric media support frame further

comprises a protrusion on the outer side thereof.

2. A filter media in accordance with claim 1, wherein said dielectric media support
frame further comprises flexible fins extending from said protrusion.

3. A filter media in accordance with claim 1, for use in an active field polarized media
air cleaner, said active field polarized media air cleaner further comprising: a first
conductive outer screen; a first conductive holding frame for holding said first
conductive outer screen; a second conductive outer screen; a second conductive
holding frame for holding said second conductive outer screen; said first and second
holding frames being disposed substantially parallel to each other on either side of said
dielectric media support frame, whereby said protrusion on the outer side of said
dielectric media support frame is substantially in contact with and held between said
first and second conductive holding frames.

4. The filter media in accordance with claim 3, wherein the second conductive outer

screen comprises a high-voltage probe passing through said conductive outer screen;
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and an insulating shield attached to said first conductive outer screen, said insulating

shield surrounding said high-voltage probe.

5. The filter media in accordance with claim 4, wherein said high-voltage probe

comprises a spring contact.

6. The filter media in accordance with claim 4, further comprising a contact attached to
said center screen, said contact positioned so as to contact said high-voltage probe.

7. The filter media in accordance with claim 6, wherein said contact comprises: a
fastener having a head and a shank, said shank passing through said center screen,
said head of said fastener being in contact with said high-voltage probe.

8. The filter media in accordance with claim 7, further comprising a metallic disk
disposed on the shank of said fastener, said metallic disk being in contact with said

center screen.

9. The filter media in accordance with claim 4, further comprising a second insulating
shield attached to said second conductive outer screen, said second insulating shield

disposed opposite said first insulating shield.



