
· .... ' .... 

1 .. 1 

ELECTROSTATIC PARTICLE ~ILTRATION 
This invention relates generally and is applicable 

to most forms of electrostatic filtration, including heat­
ing, ventilating and air conditioning (HVAC) applica­
tions. It relates more particularly, but not exclusively, 
to an on~board electrostatic filter for trapping minute 
particles picked up by a vacuum cleaner and propel­
led into its dirt collector. 

An important application of the present invention 
is in vacuum cleaners, as well as, in HVAC and other 
applications. Such machines include apparatus for 
applying suction to dislodge undesirable particulate 
matter from a surface to be cleaned, by generating a 
high velocity airflow. The suction apparatus includes 
structure for channelling the dirt-laden air into a nar­
row stream. A collection bag or other receptacle is 
mounted to receive the particle and airflow. A typical 
bag includes a jacket formed of air pervious material, 
such as paper and/or tightly woven fabric, to mechan­
ically filter particulate matter. while allowing the fH­
tered air to dissipate outwardly through the bag and 
back into the external environment. Vacuum cleaners 
and other filter devices which rely solely on mechan­
ical Htration, however, filter only particles of greater 
than a given size, while allowing smaller particles to 
pass through the filter and re-enter the external en­
vironment This is because, in order to permit the air 
to pass freely out of the bag, the interstices in the pa­
per or fabric, which permit air to pass through, cannot 
be too small. Otherwise, the suction air stream is in­
hibited, and air velocity becomes too lowforgood suc­
tion. WhHe one could increase suction and air volume 
by use of more powerful electric motor drive systems, 
the use of inordinately large and heavy electric motors 
in a household appliance such a vacuum cleaner can 
become both impractical and uneconomical. The 
weight and cost of large motors make their use pro­
hibitive In vacuum cleaneJS designed for household 
use. 

The fine particles that pass through the bag and 
back into the external environment can include very 
small dust particles, contributing to odor and re-accu­
mulation. Other particles escaping filtration are aller­
gy-aggravating pollen and bacteria, as well as mites, 
which can be a health hazard. 

One proposal to improve a vacuum cleaner's ef­
fectiveness. in tntering very small particles has been 
to add on-board electrostatic filtration equipment, 
while still maintaining a reasonable pressure drop 
through the filter media and hence reducing the size 
and power of the suction motor system. Such equip­
ment has included at least two elements between 
which an electrical potential difference is applied. The 
electrical potential difference generates an electric 
field between the elements. It also causes the ele­
ments to become electrically charged. The element to 
which voltage of a given polarity is applied attracts op­
positely ~rged particles of dirt, as well as oppositely 
charged, naturally occurring ions, such as gas ions. 

The elements are positioned in the particle-laden 
air stream. A charged element, as noted above, at­
tracts oppositely charged particles passing along in 
the air stream. Moreover, even some neutrally 

5 charged particles are attracted to. the element by a 
phenomenon known as dielectrophoresis. 

It has also been proposed to augment such elec­
trostatic filtration by provision of a so-called •corona" 
device in the air stream. A corona device produces an 

10 electrical space charge which is distributed generally 
throughout a region. Such space charge, if generated 
in the particle-laden air stream, pre-charges the par­
ticles. This imposition of charge on the particle in­
creases the force attracting or repelling them to the 

15 electrically polarized filter element 
One problem with on-board vacuum cleanereie<> 

trostaticfilters is the necessity for providing a relative­
ly high electrical voltage on a substantially continuous 
basis while the machine is operating. This often re-

20 quires large, heavy and expensive power supplies, 
sometimes including heavy batteries. Such equip­
ment degrades portability and ease of machine oper­
ation. 

A further proposal has been to place in the air 
25 stream a piece of electrically charged fleece. 

Another type of device for electrostatic filtering 
incorporates what is known as •e1ectret" material. 
Electret materials have low electrical conductivity and 
usually have dielectric properties as well. They also 

30 have the property of retaining charge polarization for 
a long time. Electret materials have been used as 
electrostatic filters in surgical masks. 

The filter equipment described above has a fur­
ther disadvantage. When a charged surface •1oads 

35 up• with accumulated particles, the charge on the 
charged fHter element can become neutralized or 
canceled, due to the opposite pol~rization of particles 
and Ions attracted to Its surlaces. This tends to cancel 
the generated electrical fields, hindering ortotallydls-

40 abllng operation of the device. 
According to the invention there Is provided a fil­

ter apparatus as set out in the accompanying claims. 
The disadvantages of the prior art are reduced or 

eliminated by the provision of a vacuum cleaner hav-
45 ing a new and improved on-board electrostatic filtra­

tion system. The electrostatic fHtration systein in­
cludes a mesh finely woven of two sets of conductive 
naments or fine wires which are electrically Insulated 
one from another. A source of electrical potential is 

50 coupled to apply an electrical potential difference be­
tween the two sets of conductive filaments or wires. 
Circuitry is provided for repeatedly reversing the po­
larity of the electrical potential applied betWeen the 
sets of conductive fHaments or wires. 

55 The mesh is located within the vacuum cleaner's 
dirt receptacle, which typically is a bag. The mesh has 
an expanse large enough to cover a substantial por­
tion of the interior of the bag. 
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The reversal in polarity of the applied electrical 
potential difference assists in maintaining filtration ef­
fectiveness which would otherwise be degraded by 
the accumulation of a substantial layer of filtered par­
ticulate matter on the mesh, and by attraction to the 
mesh of oppositely charged neutrally occurring ions. 
When the voltage polarity is abruptly reversed, the re­
sulting suddenly reversed charge polarity on the wire 
insulation surface adds directly to other charge al­
ready on the nearby particles and which is left over 
from the previous cycle. This restores, and actually in­
crease, the strength of the electrical field produced 
by the electrical potential difference applied, to ach­
ieve better electrostatic filtering results. 

In accordance with a more specific embodiment, 
the frequency of voltage polarity reversal is low, on 
the order of about one cycle per second or less. The 
low frequency allows for the desirable electrostatic 
phenomena to occur, while still providing tor repeated 
polarity reversal to restore and magnify the filtering 
electric fields produced by the electrified mesh. 

In accordance with a more specific embodiment, 
multiple stages of mesh are used. The stages are ser­
ially stacked in the air flow, and function together to 
filter the discharge air more thoroughly than a single 
mesh. 

In accordance with other specific embodiments, 
high permitivity material is added to the meshes in or­
der to increase the strength of the electric fields ob­
tainable for a given voltage. The high permitivity ma­
terial can be located between the meshes. Another 
location for high permitivity material is its local appli­
cation between mesh wire intersections in a single 
mesh. 

In accordance with another specific embodi­
ment, a fibrous mechanical filter can be added in ser­
ies with a mesh tor enhanced filtration. 

According to a specific feature, a suitable high 
permitivity material comprises aluminum oxide pow­
d~ . 

Another specific embodiment, applicable to a 
multi-stage construction, involves the staggered 
placement of successive meshes. Such staggered 
placement increases the density of charged wire dis­
tribution across the cross section of the air stream, 
without appreciably increasing resistance to the air 
flow. 

Another embodiment of a highly effective electro­
static filter construction includes a long strand made 
up of dual filamentary conductors. The filamentary 
conductors are thin, and each is covered with electri­
cal insulation which is a fluxible solid. Over substan­
tial portions of the length of the insulated filamentary 
conductors, they are closely spaced, i.e., substantial­
ly adjacent one another. Circuitry is coupled between 
the dual filaments tor applying an electrical potential 
difference therebetween. 

The dual filamentary strand described in the pre-

ceding paragraph can be wound or packed into many 
configurations which render it an effective electrostat­
ic filter. In one specific embodiment, the dual filament 
strand is bent into a winding configuration. More spe-

5 cifically, the strand can be wound into a configuration 
wherein it criss-crosses itself at many locations and in 
several layers. In another configuration, a long por­
tion of such a strand, appropriately connected to its 
elecbical circuitry, is packed randomly into what shall 

10 be called here a "volume mesh•. In a volume mesh 
configuration, the bends in the strand are es8entially 
random in nature, and the entire strand is packed into 
a mesh which provides many tortuous paths tor a 
moving gas to pass through and be filtered therein. 

t5 Jn a more specific embodiment, the volume mesh 
of packed strand is packed into a structure which con­
fines it generally to a predetermined volume. Such ~ 
structure can constitute, for example, a relatively thin 
box having perforated or screened ends to permit 

20 passage of a gas, such as air, to be filtered through 
the volume mesh. 

In such a configuration, the volume mesh of 
packed dual filament strand has applicatiOn to the 
heating, ventilating and air conditioning (HVAC) envir-

25 onment A volume mesh filter such as described 
above can easily be incorporated into the ducting of 
a HVAC system, or it can even be installed at individ­
ual room outlets, such as heating and air conditioning 
registers. 

30 One reason this configuration of electrostatic fil-
ter is so versatile is that it can operate effectively at 
relatively low DC voltages, i.e., on the order of 10 volts 
or less. In a specific embodiment, a volume mesh fil­
ter can be individually electrically powered by the use 

35 of a simple 9 volt battery. Because current drain in the 
fHter is negligible, batteries can last for a very long 
time. Additionally, the low voltage operating capability 
imparts lightness in weight and great portabHlty to fil­
ters of this design. 

40 In another specific embodiment, the strand can 
be made of dual conductive insulated filaments, twist­
ed together in a spiral configuration. 

Embodiments of the invention will now be descri­
bed, byway of example only, with reference to the ac-

45 companying drawings in which: 
Figure 1 is a pictorial side view partly broken 
away and partly in phantom, illustrating a vacuum 
cleaner incorporating an embodiment of the pres­
ent invention. 

sa Figure 2 is a pictorial detail view showing a por­
tion of the vacuum cleaner of Figure 1; 
Figure 3 is a detailed pictorial view illustrating a 
portion of the vacuum cleaner of Figure 1 incor­
porating another embodiment of the present in-

55 vention; 
Figure 4 shows an embodiment alternative to that 
of Figure· 3; 
Figure 5 is a detail elevational view illustrating a 

liiii1nr 
.. -~ ;·:·.i.:·i;<:::i..: .. ..:.. .. 



portion of the structure shown in Figure 2 and in­
corporating an alternate embodimentofthe pres­
ent invention; 
Figure 6 is an elevational detail view illustrating a 
portion of the structure shown in Figure 2 and in­
corporating another alternate embodiment of the 
present invention; 
Figure 7 is a detail drawing of a portion of the 
structure shown in Figure 2, showing another al­
ternate embodiment of the invention; 
Figure 8 is a schematic drawing of a circuit which 
constitutes a portion of an embodiment of the 
present invention; 
Figure 9 is a tabular rendition describing an as­
pect of the operation of an embodiment of the 
present invention; 
Figure 10 is a cross-sectional drawing illustrating 
a component of an alternative embodiment of an 
electrostatic filter according to the present inven­
tion; 
Figures 11-15 Ulustrate the components of Figure 
10 in a variety of alternative configurations of 
electrostatic filters; and 
Figure 16 is a cross-sectional view showing the 
filter in an HVAC system. 
Figure 1 shows a vacuum cleaner 10 which incor­

porates apparatus and circuitry for electrostaticallyfil­
terlng very fine particulate matter picked up by the va­
cuum cleaner. While the present invention is descri­
bed in the environment of a vacuum cleaner, the In­
vention is not limited to that particular appli~tion. 
Rather, the invention is believed applicable generally 
to electrostatic filtering in virtually any environment. 

The vacuum cleaner 10 in which the present in­
vention is incorporated is of otherwise known type. A 
vacuum cleaner suitably incorporating the present in­
vention is a Kirby Model Generation 3, manufactured 
by Kirby Division, The Scott-Fetzer Company, Cleve­
land, Ohio, U.S.A. The vacuum cleaner includes a 
housing 12 and a handle 14 pivotally mounted to the 
housing (both in phantom). The housing 12 encloses 
a known electric motor and blower combination (not 
shown). The blower/motor combination, when actuat­
ed, generates a high velocity air stream for providing 
suction, and ducting (also not shown) for applying the 
generated suction to a region below the underside of 
the housing 12. The suction so generated dislodges 
dirt and other particulate matter from a surface on 
which the housing rests. The air stream generated by 
the blower/motor combination thus becomes laden 
with the particulate matter. 

The ducting structure within the housing defines 
a discharge opening (not shown) near the rear of the 
housing 12. The particle-laden air stream is dis­
charged from the discharge opening into a collection 
receptacle generally indicated by the reference char­
acter 16. 

The collection receptacle 16 comprises a flexible 
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bag having an opening which is removably attachable 
to position the opening to receive the particle-laden 
air flow discharg~ •. The collection bag assembly 16 in­
cludes an air impervious outer jacket 18 made offine-

5 ly woven of" non-woven material. The collection bag 
assembly further includes an inner air impervious dis­
posable paper filter paper bag. The outer jacket de­
fines an exhaust opening in which the presently de­
scribed electrostatic filter is placed. 

10 The collection bag 16 of Figure 1 is shown par-
tially broken away to illustrate a multi-element strue> 
lure, generally indicated by the reference character 
20. This structure constitutes a portion of apparatus 
and circuitry comprising an electrostatic filtering unit 

15 according to the present invention. 
The structure 20 Is illustrated in more detaH In Fig­

ure 2. The structure 20 comprises a fine electrically 
conductive wire mesh, or cloth. 

The wire mesh 20 includes two sets of interlaced 
20 fine conductive filaments or wires. A first set of con­

ductive wires extends generally horizontally as illu­
strated in 

Figure 2. A second set of conductive wires ex­
tends generally vertically in Figure 2. Representa-

25 tives of the first set of wires are indicated collectively 
by reference character 22. Representatives of the 
second set of wires are denoted collectively by refer­
ence character 24. 

Each of the individual wires of the sets 22, 24 are 
30 electrically insulated. Each ofthe wires making up the 

mesh comprises a copper wire approximately 5.08 x 
1~ (0.002 inches) in diameter and covered by a 
thin insulating material, in this case a coating of en­
amel. 

35 Alternately, each of the wires of the mesh com-
prises an aluminum wire of approximately 5.08 x 1o-&m 
(0.002 inches) in diameter. Where aluminum Is used, 
aluminum oxide which naturally forms in the pres­
ence of air on the outside surface of the wires pro-

40 vides the needed insulation. 
In place of metallic wires, the mesh 20 can option­

ally comprise filaments of known types of conductive 
plastic material. 

Each of the first set of conductors 22 Is condue> 
45 tively coupled at one end, by gold or nickel contacts, 

to a common busbar 26. Each of the second set of 
conductive wires 24 is conductively coupled at one 
end by similar contacts, to a busbar 28. 

The first and second sets of conductors 22, 24 
50 correspond, in Weaver's terminology, to the "warp• 

and •weft• of cloth. 
A source 30 of alternating elecbical voltage Is 

coupled between the busbars 26, 28. The source 30 
applies a square wave having peak voltage of approx-

ss imately 9 volts positive and negative, to the busbar 
28. The busbar 26 is substantially grounded. 

The source 30 can be constructed from the com­
bination of a 9 volt battery and a polarity reversing 
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switch, circuitry well within the ordinary skill in the art, 
given the present disclosure. 

The battery can be disposable. Alternately, the 
battery can be of the rechargeable variety. In such an 
instance, the recharging of the battery can be accom- · 5 · 
plished by known apparatus and circuitry coupled to 
draw power from the main power operating system of 
the vacuum cleaner. 

Tests have shown that both lower and higher vol-
tages can be effective. Voltages as low as one half 10 

volt can be useful in some systems. Voltages up to 
200 volts are also feasible, where safe materials are 
provided. 

The ends of the wires 22 comprising the first set 
opposite the busbar 26, terminate in electrical insula- 15 
tion, and are not conductively coupled together. The 
ends of the wires 24 of the second set opposite the 
busbar 28 also terminate in electrical insulation. This 
configuration renders the electrical source 30, com-
bined with the wire sets 22, 24, a primarily capacitive 20 
open circuit, rather than a resistive circuit The circuit 
is not conductively closed. As such, the current flow 
in the circuit, and the power consumed, is extremely 
small. Such low power requirements make it possible 
for the 9 volt battery to be very small and lightweight 25 
This contributes to the portability, simplicity, and 
economy of the vacuum cleaner 10 with which the 
electrostatic filter is associated. 

Tests have shown that a suitable frequency of 
electric polarity reversal, or alternation, for improving 30 
filtration effectiveness, is on the order of one cycle 
per second, or lower, down to about one cycle every 
20 minutes. It is believed, however, that selection of 
the optimum frequency of operation depends on other 
parameters of the system, such as wire diameter and 35 
the size of the interstices of the mesh, along with air 
flow velocity, voltage, humidity, etc. 

A low frequency of reversal, however, is of value 
in all instances. Low frequency allows time between 
reversals for the circuit to reach a steady state and for 40 
beneficial electrostatic phenomena, described in 
more detail below, to occur. 

Other tests have shown that a mesh having ap­
proximately 200 wires per inch can accomplish effec-
tive electrostatic filtration. This amounts to a center to 45 
center spacing of the wires of approximately 7.62 x 
10"6m (0.003 inches). 

For most of the time, (between reversals) a con­
stant electrical potential difference of constant polar-
ity is applied between the wire sets 22, 24. 50. 

When an electrical potential difference of con­
stant polarity is provided between the wire sets, an 
electric field of constant polarity is generated ·in the in­
terstices between wires of the different respective 
sets. 55 

This electric field can be quite strong indeed. 
With the mesh as above described, even a rela­

tively low voltage, i.e., about 9 volts, can generate 

electric fields between respective sets of wires on the 
order of 5,000 to about 100,000 volts per meter. 

The&e strong electric fields cause the wire sets to 
attract fine airborne particulate matter in the vicinity 
of the mesh. When a potential difference is applied 
between the wire sets, the surfaces of the wire insu­
lation become electrically charged. When a positive 
voltage is applied to a wire, its insulation surface 
tends to become positively charged. When a negative 
voltage is applied, the insulation surface tends to be­
come negatively charged. 

These charges perform two beneficial functions. 
First, they attract all particulate matter (and naturally 
occurring atmospheric ions) having a net charge 
which is opposite to the charge appearing on the wire 
insulation surface. Additionally, they attract, by elec­
trophoresis, even particles having a net neutral, or 
zero, electrical charge. 

The mesh 20 is located within the collection bag 
16, near the inner surface of the outer jacket portion 
18. The mesh 20 is of sufficient lateral expanse to en­
able it to cover a substantial portion of the interior of 
the bag jacket. Thus, the mesh 20 intercepts the par­
ticle-laden air stream discharged into the bag. When 
the electrical source 30 is actuated, applying the elec­
bical potential difference between the two sets of 
wires 22, 24, the electric fields so generated cause 
the mesh to attract and retain dirt, atmospheric ions 
and other very fine particles borne by the air stream 
passing through the mesh. 

Filtered particles include allergy-causing pollen, 
whic~ can be very small, and can even Include bac­
teria, thus removing from the air a substantial amount 
of these health-hazardous organisms. 

The alternation, or reversal, of the polarity of the 
voltage applied between the first and second sets of 
wires of the mesh 20 helps maintain filtration perfor­
mance even as the mesh begins to ,oad up• with ac­
cumulated trapped particulate matter, and with at­
mospheric ions. If the polarity of the voltage were al­
ways constant, accumulated particles and Ions on the 
wires would inhibit further attraction and retention of 
other particles. 

When particulate matter and ions accumulate on 
the charged wire.insulation surfaces, the accumulat­
ed material reduces the electric fields generated be­
tween the sets of wires in the mesh. The chargeofthe 
accumulated particles, and of attracted naturally oc­
curring ions, tends to cancel the electric fields pro­
duced between the wires. This reduces filtration ef­
fectiveness. 

An important aspect of solving this problem is the 
repeated reversal of the polarity of electrical voltage 
between the wire sets constituting the mesh. Advan­
tages of this polarity reversing technique, as ex­
plained below, result in part from residual charge 
which remains on the wire outer insulation surface 
from the previous cycle of voltage polarity. These ad-
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vantages include both restoration and strengthening 
of the filtering electric fields following polarity rever­
sal. 

For explanation, consider the situation where the 
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voltage polarity is positive, such that a given wire in- 5 
sulation surfaces bears a positive surface charge. 
Particle and ionic charge facing the wire insulation 
will be negative. If the voltage polarity applied to the 
wire is now abruptly reversed (made negative), the 
amount of negative charge at and adjacent the wire 10 

insulation surface will substantially double. This oc-
curs because the negative residual charge on the re­
tained ions and particles, (left over from when the 
wire was positively charged) plus negative surface 
charge newly appearing on the wire insulation sur- 15 

face after the reversal, wffl jointly add to restore, and 
substantially double, the electric field. 

Due to the somewhat insulative property of the 
adhering particles, the residual charge will decline 
only gradually, not all at one, after polarity reversal. 20 
Over time, however, the residual charge on the par-
ticles will decay. This is mainly due to oppositely 
charged particles and ions which are attracted to the 
wire insulation surface after its polarity goes nega-
tive. The charge reversal will cause some of the par- 25 
ticles to move and adhere to the wires of the opposite 
set in the mesh. 

Rgure 3 illustrates an embodiment of the present 
invention incorporating multiple, serially arranged 
conductive wire meshes 32, 34, 36. Each of the mesh- 30 
es, 32, 34, 36, is the same as the mesh 20 Dlustrated 
In Figure 2 and described in connection with that Rg-
ure. An alternating voltage source 40 is connected In 
parallel to the respective wire SE!ts of each of the 
meshes 32, 34, 36. The circuitry and apparatus con- 35 
stltuting the source 40 are the same as in the voltage 
source 30 Illustrated In Figure 2. 

The conductive wire meshes 32, 34, 36 are ar­
ranged serially with respect to air flow within the col-
lection bag 16. For the purposes of Figure 3, the di- 40 

rection of airflow Is indicated by an arrow 42. The ad­
vantage of the multiple mesh embodiment of Figure 
3 is that the three meshes 32, 34, 36, acting serially 
in conjunction with one another, can normally be ex- · 
pected to attract and retain more of the fine particu- 45 
late matter present in the air stream. 

Optionally, a layer of fibrous mechanicalfllterma­
terial can be added between the mesh stages. 

While Figure 3 illustrates the alternating polarity 
voltage source 40 as a single source connected in 50 
parallel to each of the meshes 32, 34, 36, it is to be 
understood that the source 40, with its parallel con­
nections to each of the meshes, could be replaced by 
an individual similar source each dedicated to a single 
one of the meshes 32, 34, 36. The use of individual ss 
sources for each of the meshes of Figure 3 enables 
the polarity reversals on the three meshes to take 
place spaced in time from one another, rather than in 

unison. as in the Figure 3 embodiment where the par­
allel coupled source 40 is used. Individual sources 
each coupled to a different mesh enable a sequential 
polarity reversal. 

Figure 4 illustrates another embodiment of the 
present invention employing multiple meshes in a 
staggered configuration. Figure 4 illustrates two ser­
ially arranged meshes 44, 46. The mesh 44 is located 
upstream, relative to the airflow, with respect to the 
mesh 46. Figure 4 illustrates the mesh 44 as diago­
nally staggered with respect to the mesh 46. The 
amount of this diagonal staggering is such thatthe in­
tersections of wires, such as 48, in the mesh 44 are 
located approximately in the center of the interstices 
of the mesh 46. This staggering increases the density 
of charged wires disposed in the air stream, without 
substantially increasing resistance to the air stream. 

Other means can be used to enhance operation 
of the mesh filters. Tests have shown that filtration 
performance can be improved by the addition of a 
high permitivity material in, or between, the woven 
meshes. A suitable material has .been found to com­
prise aluminum oxide grit. 

Figure 5, for example, shows a pair of vertically 
extending wires 60, 62. Figure 5 is a view looking at 
two meshes edgewise. Figure 5 is simplified for pur­
poses of clarity, with the wires 60, 62 being isolated 
single vertical wires of adjacent meshes. 

Between the wires 60, 62 is a portion 64 of high 
permitivity material. The high permitivlty material 
substantially fills the space between the adjacent 
mesh". 

The high permitivity material 64 comprises par­
ticles of aluminum oxide of the order of microns in di­
ameter, held together, if need be, by a suitable insu­
latlve binder which can be provided by one of ordinary 
skill in the art The presence of this fine powder ma­
terial between the meshes and in the vicinity of the 
conductive wires enhances the magnitude of the 
electric field. which can be achieved between wires for 
a given voltage difference. 

Optionally, the high permitivity material, such as 
aluminum oxide, can be supported on a nylon mesh 
substraight, or can be impregnated into fused pellets 
made of the material commonly known by the trade­
mark "TEFLON•. 

Figure 6 illustrates a similar pair of wires 68, 70, 
but in this embodiment the high permitivity material 
ls present not only between the meshes, as at refer­
ence character 72, but also extends through the 
meshes to the exterior, such as shown at reference 
characters 7 4, 76. 

Figure 7 illustrates still another manner of em­
ploying the high permltivity material. Figure 7 Dlus­
trates a single mesh 80. The high permitivity material 
is applied locally between each intersection of a hor­
izontal and vertical wire, as shown for example at ref­
erenee character 82. 
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Optionally, the electrostatic filtration unit 20 can 
be supplemented by inclusion in the vacuum 'Cleaner 
of a corona discharge device iri the dirty air stream. 
The corona discharge device Imparts an electrical 
charge to dirt and other particulate matter passing 
through its corona. This additional charge renders the 
particles more susceptible of capture by the electro­
static filtration unit 20. 

Another possible option is the use of a triboelec­
tric device. Such a device, which can comprise tubes 
made of a plastic material known by the trademark 
TEFLON, can also impart an electrical charge to par­
ticles passing in the vicinity. 

As mentioned above, the alternating voltage 
source, such as at reference character 30 in Figure 2 
and 40 in Figure 3, can comprise a 9 volt small light­
weight battery in series with a polarity reversing 
switch. It is believed that a suitable polarity reversing 
switch for placement in series with a low voltage bat­
tery can readily be designed by one of ordinary skill 
in the art 

Figure 8 illustrates in schematic form a circuit for 
providing a low voltage alternating polarity signal suit­
able for use in the present device. The circuit is gen­
erally indicated by the reference character 100. The 
circuit produces a low voltage alternating polarity out­
put at a lead 101. The output 101 Is fed by the output 
of an 8 position dip switch 102. The inputs to the dip 
switch 102 are provided by a seven stage clocking cir­
cuit 104. In operation, only one of the switching ele­
ments of the dip switch 102 ls set to provide a conduc­
tive path from one of the inputs of the dip switch to a 
corresponding one of its outputs. The dip switch is 
used to divide the output of the clocking circuit 104ac­
cording to the respective significant bits of the out­
puts of the clock. The output appearing at the lead 
101 has a frequency of reversal which is a function of 
which one of the output bits of the clock is selected 
by the setting of the dip switch 102. The higher the 
significance of the clock bit output selected, the lower 
is the frequency of polarity reversal of that outpuL 

The clocking signal is supplied to the clocking cir­
cuit 104 at a lead 106. The frequency ofthe clocking 
signal can be adjusted by adjusting the setting of a po­
tentiometer 110. This operation is described in more 
detail in connection with Figure 9. 

Figure 9 is a tabular rendition illustrating the func­
tioning of the switching circuit 100. The upper table of 
Figure 9 correlates the selected position of the dip 
switch 102 with the amount of time elapsing between 
successive reversals of polarity of the voltage applied 
to the meshes. As can be seen, the amount of time 
between successive polarity reversals can be select­
ed to vary in increments between 1 second and 64 
seconds. This corresponds to a frequency of alterna­
tion of between 30 cycles per minute and about 112 
cycle per minute. 

Further adjustment of switching frequency can be 

obtained by adjusting the potentiometer 110 in the 
switching circuit 100. The upper table of Figure 9, de­
scribed above, corresponds to the switching times 
which are available with the potentiometer turned to 

s one extreme position. The table constituting the bot­
tom portion of Figure 9 gives the analogous switching 
times with the potentiometer in its opposite extreme 
position. As can be seen from the bottom table, with 
the potentiometer in its opposite position, switching 

10 times range between about 7 seconds and 448 sec­
onds. 

Accordingly, the switching frequency can be ad­
justed to a virtual infinity of values between one 
switching per second and one switching per 448 sec-

15 onds. 
Figure 1 O illustrates in cross section an alterna­

tive embodiment of the electrostatic filter medium of 
the present invention. The alternative embodiment il­
lustrates a pair of Insulated conductive filaments 150, 

20 152 which are shown in cross section in Figure 10. 
The filaments 150, 152 are insulated, and are dis­
posed in a generally parallel, side-by-side relation­
ship. In this configuration, the filaments 150, 152 to­
gether constitute a dual filament strand, such as illu-

25 strated at 154 in Figure 11. The insulated filaments 
150, 152 are substantially touching over a significant 
portion of their respective lengths. In Rgure 11, the 
filaments 150, 152 are shown as being in a substan­
tially touching relationship over most of their reapec-

30 live lengths, such as indicated at 154. In Figure 11, 
however, the ends of the filaments 150, 152 are sepa­
rateQ somewhat, to facilitate their being connected to 
a source of electrical potential difference, to apply an 
electrical potential difference between the filaments 

35 150, 152. 
Each of the filaments 150, 152 includes a central 

portion such as 156 made of conductive material, 
such as copper, and a thin coating of Insulation indi­
cated, for example, at 158 in Figure 10. Note thatthe 

40 diameter of the conductive portion 156 is large rela­
tive to the thickness of the insulation layer 158. Pre­
ferably, the insulation layer 158 can comprise a coat­
ing of enamel. 

The filaments 150, 152 are adhered together at 
45 a region generally indicated at 160 in Figure 1 O. The 

adhesion can take place by means of a known form 
of adhesive applied between the filaments. Alternate­
ly, the adhesion can take place by virtue of adhesive 
properties of the insulating material 158 itself. 

so In practice, the length of the dual strand compris-
ing the insulated, closely spaced filaments 150, 152 
is at least many metres. 

Preferably, the diameter of the conductive por­
tion, such as 156, and the thickness of the Insulating 

ss layer illustrated, for example, at 158 are similar to 
those described in connection with the previously dis­
cussed mesh embodiments. 

It should be understood that each of the two con-



ductive filament portions of the dual filament strand 
is connected to a different respective terminat·of a 
source of electrostatic potential difference, in the 
neighborhood of 9 volts, in order to apply an electrical 
potential difference between the conductive fila­
ments, and to establish a strong electric field between 
the two filaments making up the strand. It should be 
assumed that the source of electrical potential differ­
ence should be similar to those electrical potential dif­
ference sources which are described in connection 
with the previously described embodiments. Addition­
ally, it is preferable to include switching means for re­
versing atlowfrequency the polarity of the electric po­
tential difference between the conduetive filaments, 
for the reasons discussed in connection with the pre­
vious embodiment:S. 

Figures 11-15 illustrate various configurations of 
the dual filament strand illustrated in cross section in 
Figure 10, in order to dispose the strand in a variety 
of filtering configurations. 

For example, Figure 11 shows the strand ar­
ranged in a serpentine, back and forth winding con­
figuration, generally in a plane, in order to provide an 
electrostatic filter for gas passing through the serpen­
tine configuration of dual filament strand in order to 
capture on the strand minute particles in the gas flow, 
which flow is occurring substantially perpendicular to 
the plane in which the strand is disposed in its serpen­
tine configuration. 

It should be understood, in connection with the 
embodiments of Figures 10-16, thatthetwofiaments 
making up the dual wire strand are coupled to the vol­
tage source such that electrical current flow between 
the conductive filaments is negligible. That is, the 
only point at which the dual filaments are coupled to­
gether conductively is at the voltage source such as 
illustrated at 164 of Figure 11. The opposite ends of 
the dual wire strand, indicated by 150, 152 in Figure 
11, are not conductively coupled together, but rather 
terminate in electrical insulation, such that there is no 
conductive electric current flow between the conduc­
tive filaments or wires making up the dual strand ar­
rangement. 

Figure 12 Illustrates another arrangement of the 
dual strand. 

Figure 12 illustrates the use of two dual wire 
strands arranged together to form a generally rectili­
near grid pattern. One strand consists of filaments 
whose ends are indicated respectively by 166, 168, 
which correspond to ends 170, 172, respectively. The 
other strand consists of filaments whose ends are in­
dicated respectively by 180, 182, which correspond to 
ends 184, 186. 

It should be .understood that the rectHinear pat­
tern illustrated in Figure 12 can also be made of a sin­
gle, dual wire strand,. rather than using two strands. 
The strand is criss-crossed over itself. It can also be 
disposed in several layers. 

7 

Figure 13 illustrates a "random mesh•, or "volume 
mesh" configuration of a single dual wire sb"and, hav­
ing ends 190, 192, which correspond to ends 194, 
196. In the embodiment of Figure 13, a long length of 

5 the dual wire sb"and is simply compressed together in 
a random fashion, which forms a number of tortuous 
paths for gas which is conveyed through the random 
mesh portion indicated generally at 198. The random 
mesh strand crosses itself at many locations and in 

10 many layers. 
Figure 14 illusb"ates a variant of the random mesh 

configuration, in which a random mesh is formed of a 
single dual wire sb"and whose ends are indicated at 
200, 202, which correspond to the ends indicated at 

15 204, 206. The randomly compressed portion of dual 
strand is, in the Figure 14 embodiment, confined with­
in a containing structure indicated in phantom in Fig­
ure 14 and generally designated by character 210. 
Gas to be filtered enters the confining structure 210 

20 through an intake, also indicated in phantom at 212, 
and exits from the confining structure 210 via an out­
let also indicating in phantom and designated by 214. 

Figure 15 illustrates still another possible ar­
rangement of the dual filament strand. In the Figure 

25 15 embodiment, the dual filaments are illustrated as 
being twisted together. The dual fDaments are indicat­
ed in Figure 15 by ends 220, 222, which correspond 
to opposite ends 224, 226, respectively. It should be 
understood that a twisted fUament configuration such 

30 as shown in Figure 15 can itself be arranged in a ser­
pentine configuration, such as shown in Figure 11. a 
rectilin~ar configuration such as shown in Figure 12, 
or a random mesh configuration as illusb"ated in Fig­
ures 13 and 14. 

35 Figure 16 musb"ates a random mesh filter dis-
posed in an HVAC system. 

Figure 16 Ulustrates a cross section of a portion 
of a building, showing a wall 230, a floor 232, and a 
foundation generally indicated at 234. 

40 An input duct 236 delivers air to a random mesh 
filter 238 which is constructed similarly to the con­
fined random mesh embodiment illustrated in Figure 
14. Air exits the random mesh confined tnter 238 by 
way of ducting 240, through which it enters a room, 

45 generally designated at 242, by way of a room register 
244. 

The register 244 can additionally be covered by 
another confined random mesh filter 246, positioned 
over the register itself to additionally filter the air. Al-

50 ternately, the confined random mesh fHter246 can be 
used without the confined random mesh filter 238. 

An advantage of the present random mesh filter 
is that, because of its very low voltage requirement, 
It can be portable. Arandorri mesh filter such as at246 

55 can be simply moved by hand and put in place over 
an air delivery register in a room. Its low voltage re­
quirement means that the necessary voltage for 
charging the filter electrostatically can be provided by 



8 
a small battery, which is also quite portable, and the 
filter unit need not be connected to a permanent 
source of through power. Filters can easily be 
changed, or moved from one air register to another. 
The small battery used to power the filter is very long 
lived, in view of the fact that there is negligible electric 
current flow in the filter itself. 

In at least preferred embodiments of the inven-
tion there is provided an electrostatic filtering appara-
tus and circuitry (1) whose effectiveness does not de-
teriorate as the amount of retained filtered material in-
creases, (2) which is effective at low operating voltag-
es, and (3) which is lightweight, relatively inexpensive 
and compact. While the present invention has been 
described in particularity, it is to be understood that 
those of ordinary skill in the art may make certain ad-
ditlons or modifications to, or deletions from, the spe-
cific features of the embodiments described herein, 
without departing from the scope of the invention. 

Claims 

1. An electrostatic volume filter (238. 246) compris-
ing: 

a) a strand (150, 152; 220. 222, 224, 226) of 
two closely spaced, thin, elongated electrical-
ly conductive filaments, each having electrical 
insulation (158) and maintained with the elec-
trical insulation of one fDament next to the 
electrical insulation of the other filament at lo-
cations along the fDament lengths, said 
strand being criss-crossed along its length in 
sev~ral layers to form a gas permeable filter 
body, and 
b) circuitry (164) for applying an electrical po-
tential difference between said filaments. 

2. A filter as claimed in claim 1, further comprising: 
structure (210) at least partially enclosing 

said mer body and confining said fDaments (200, 
202, 204, 206) therein. 

3. A filter as claimed in any one of claims 1 and 2 
wherein: 

said two filaments (220, 224; 222, 226) are 
twisted together. 

4. A filter as claimed in any of claims 1 and 2, further 
comprising: 

means for holding (160) said two fDaments 
together in a substantially parallel side-by-side 
relationship to form a dual filament strand. 

5. A filter as claimed In any one of the preceding 
claims, wherein: 

said strand is criss-crossed in random 
fashion to form tortious gas permeable paths. 
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6; A filter as claimed in any one of the preceding 
claims, wherein: 

said circuitry comprises means for revers­
ing the polarity of the electrical potential differ­
ence applied between said filaments. 

7. A filter as claimed in claim 6, wherein said revers­
ing means further comprises: 

means for reversing said polarity not more 
than about once per second. 

8. A filter as claimed in any one of the preceding 
claims, wherein: 

at least one of said filaments comprises a 
fine copper wire. 

9. A fHter as claimed in claim 8, wherein: 
said electrical insulation comprises a coat­

ing of enamel on said copper wire. 

1 o. A filter as claimed in any one of claims 8 and 9, 
wherein: 

said copper wire has a diameter of approx­
imately 1.02 x 10'-'m (0.004 inches). 

11. A vacuum cleaner having a suction air stream pro­
ducing apparatus (12) for dislodging and picking 
up particulate matter into said air stream, and for 
discharging said air stream, laden with said par­
ticulate matter, a particulate matter collector (16) 
positionable to receive the discharge of said par­
ti~late laden air stream, and a filter as claimed 
in any one of the preceding claims. 

12. A filtering member comprising: 
a) a strand of electrically conductive filaments 
electrically insulated from one another, said fi­
laments being, along a substantial portion of 
the length of said strand, separated from one 
another by a distance of less than about the 
diameter of one of said filaments and ar­
ranged in a winding configuration; 
b) said strand being criss-crossed in several 
layers along its length to form a gas perme­
able .filter body; 
c) circuitry for applying an electrical potential 
difference between said filaments to create 
an electric field along the length of said strand 
sufficiently strong to attract dust particles for 
capture on said filaments, and 
d) circuitry for reversing the polarity of said 
applied potential difference. 

13. An electrostatic filter comprising: 
a) a dual conductor assembly (150, 152, 156, 
158, 160) including two thin conductive fila­
ments (150, 152) separated by solid electrical­
ly insulating material (158) and closely spaced 



8 
a small battery, which is also quite portable, and the 
filter unit need not be connected to a permanent 
source of through power. Filter:s can easily be 
changed, or moved from one air register to another. 
The small battery used to· power the filter is very long 
lived, in view ofttle factthatthere is negligible electric 
current flow in the filter itself. 

l_n at least preferred embodiments of the inven­
tion there is provided an electrostatic filtering appara­
tus and circuitry ( 1) whose effectiveness does not de­
teriorate as the amount of retained filtered material in­
critase,s-; (2) which is effective at low operating voltag­
es.~nd (3) whi~h is lightweight, relatively inexpensive 
and compact While the present invention has been 
described in particularity, it is to be understood that 
those of ordinary skill in the art may make certain ad­
ditions or modifications to, or deletions from, the spe­
cif;ic features of the embodiments described herein, 
without departing from the scope of the inventi9n. 

1. An electrostatic volume filter (238. 246) compris-
ing: 

a)~ slrand (150, 152; 220. 222, 224, 226) of 
two closely spaced, thin, elongated electrical­
ly conductive filaments, each having electrical 
insulation (158) and maintained with the elee> 
trical insulation of one fDament next to the 
electrical insulation of the other filament at lo­
cations along the filament lengths, said 
strand being criss-crossed along its length in 
several layers to form a gas permeable filter 
body, and 
b) circuitry (164) for applying an electrical po­
tential difference between said filaments. 

2. A filter as claimed in claim 1, further comprising: 
structure (210) at least partially enclosing 

· said filter body and confining said filaments (200, 
202. 204, 206) therein_. 

3. A fHter as claimed in any one of claims 1 and 2 
wherein: 

said two filaments (220, 224; 222, 226) are 
twisted together. 

4. A filter as claimed in any of claims 1 and 2, further 
comprising: 

ineans for holding (160) said two filaments 
together in a substantially parallel side-by-side 
relationship to form a dual filament strand. 

6. A filter as ctaimed io any one of the preceding 
claims. wherein: 

said circuitry comprises means for revers­
ing the polarity of the electrical potential differ-

s ence applied between said filaments. · 

7. A filter as claimed in claim 6, wherein said revers­
ing means further comprises: 

means for reversing said polarity not more 
10 than about once per second. 

8. A filter as claimed in any one of the preceding 
claims. wherein: 

at least one of said filaments comprises a 
15 fine copper wire. 
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9. A fHter as claimed in claim 8, wherein: 
said electrical insulation comprises a coat­

ing of enamel on said copper wire. 

1 O. A filter as claimed in any one of claims 8 and 9, 
wherein: 

said copper wire has a diameter of approx­
- imately 1.02x1C>-4m (0.004 Inches). 

11. A vacuum cleaner having a suction air stream pro­
ducing apparatus (12) for dislodging and picking 
up particulate matter into said air stream, and for 
discharging said air stream, laden with said par­
ticulate matter, a particulate matter collector (16} 
positionable to receive the discharge of said par­
ti~late laden air stream, and a filter as claimed 
in any one of the preceding claims. 

12. A fDtering member comprising: 
a) a strand of electrically conductive filaments 
electrically insulated from one another, said fi­
laments being, along a substantial portion of 
the length of said strand, separated from one 
another by a distance of less than about the 
diameter of one' of said filaments and ar­
ranged in a winding configuration; 

_ b) said strand being criss-crossed in several 
layers along its length to form a gas perme­
able filter body; 
c) circuitry for applying an electrical potential 
difference between said filaments to create 
an electric field along the length of said slrand 
sufficiently strong to attract dust partldes for 
caprure on said filaments,-and 
d) circuitry for reversing the- polarity of said 
applied potential difference. 

13. An electro8tatic filter comprising: 
5. A filter as claimed in any one of the preceding 55 a) a dual conductor assembly (150, 152, 156, 

158, 160} includipg two thin ~nductive fUa­
ments (150, 152) separated by solid electrical­
ly insulating material ( 158) and closely spaced 

claims, wherein: 
said strand is criss-crossed in random 

fashion to form tortious gas permeable paths. 
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along a substantial portion of the length. of 
each filament. said dual filament assembly 
being disposed over its closely spaced portion 

..__ to form a criss-cross mesh extending over a 

9 

substantial area; and s 
. b) circuitry for applying an elecbical potential 
; difference between said filaments. 

14. A volume mesh electrostatic filter comprising: 
a) a volume mesh having two electrically con- 10 

ductive elongated filaments, ctoseiy spaced 
along a substantial portion of filament length, 
and being separated by a solid electrically in,. 
sulative material, said closely spaced portion 
of said filaments being packed within a prede- 15 

termined volume and arranged within said 
volume in random criss-crossed fashion to de-
fine tortuous gas permeable paths, and 
b) circuitry for applying an elecbical potential 
difference between said filaments. 20 

15. A vacuum cleaner comprising: 
a) apparatus and structure (12) for producing 
a suction air stream for dislodging and carry-
ing particulate matter from a surface to be 2s 
cleaned and for delivering said air stream car-
rying said particulate matter to a discharge lo­
cation; 
b) a collection bag (16) positionable near said 
discharge location to accept a discharge of 30 
said air stream carrying said particulate mat-
ter, said collection bag comprising: 

i) an outer cover (18) defining an exhaust 
opening; 
ii) an electrostatic volume mesh filter (20) 35 

interposed in said exhaust opening, said 
fHter being formed by a strand of two insu-
lated conductive filaments closely spaced 
along a substantial portion of the length of 
said strand. said strand being randomly 40 

criss-crossed in several layers along its 
length to form a filter body having tortuous 
air passages therethrough, and 
iii) circuitry for applying an electrical poten-
tial difference between said filaments and 45 

for reversing the polarity of said applied 
electrical potential difference not more 
than about once per second. 
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