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10 ; The present invention relates to an electric dust-collection

1. Field of the Invention

unit, and method of manufacture, together with an air-cleaner,
electric dust-collection device and exhauét smoke removal device

employing that unit.

2. Description of the Prior Art

The increasingly air-tight construction of offices,
restaurants, technical installations, homes and other buildings
(_hereinafter referred to representatively as ‘offices’) of recent

20 years has not only meant that air contaminated with dust (suspended

| pérticulates) from cigarette smoke, toner, paper and other
sources, foul odours and similar harmful substances exercises a
detrimental effect on thc_a health of persons working in the offices,.
but has led to a high incidence of soiling of equipment and
machinery. |

The conventional method of dealing with this pr'oblem. in
offices has been to install véntilation fans in places such as

smoking~rooms where thé contamlnatlon is obviously, hlgh thus

expelling the contam.mated air from the room. However,
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representatively as 'offices') of recent years has not_o
contam nated with dust (suspended particulates) fromcig

toner, paper and other sources, foul odours and simlar harnful substances
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of fices, but has led to a high incidence of soiling of equipnent and

machi nery. inside the room is affected by the temperature outside it,

resulting in a considerable deterioration in the efficiency of
heating and cooling. In order to maintain a constant temperature
within the room while at the same time purifying the air, not only
rmust the ventilation fan be operated continuously, but it is
necessary also to operate the air-conditioner to heat or cool as
required. This is undesirable because of the vast amounts of
electricity which air-conditioners and'veﬁtilation fans consume.

10 It is in these circumstances that electronic air-cleaners
employing electric dust-collection devices have come into their
own as being capable of operating with minimal ventilation, thus
eliminating the wastefulness of the air-conditioner and offering
considerable savings in terms of the amount of electric power which
they consume.

An example of a conventional air-cleaner of this sort is
illustrated in.Figs. 19 and 20. It is designed to be hung on the
wall, and consists in the main of a suction member 3, whereby the
contaminated air 2 within a room is sucked in through the aperture

200 1, a pre-filter 4, an electric dust-collection unit 5, a
déodorising filter 6 comprising activated carbon fibres, a
dust-collection member 7 wherein dust and odours are eliminated
from the air which passes through it, an expulsion member 9 fitted
with lbuvres through which air 8 which has been purified in the
dust-collection member 7 is expelled from the room, and a power
supply member which is not shown in the drawing. The abovementioned
expulsion member 9 is fitted with an electrically operated fan 10,
whereby contaminated aéfiz is sucked iﬁ through the aperture 1,

and after being purifféd*‘-in the -dust—collection member 7, is
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The conventional nethod of dealing with thi S“’%réﬁp&ﬁggﬂegnﬁﬁ%es has beén to

install ventilation fans in places such as s re the

contam nation is obviously high, thus expell rFElll’ﬁlm%ﬂjH Eat ed air from
the room However, 2 this nmethod suffers f ntage that the
tenperature

expelled as clean air 8 through the expulsion member 9. This
air-cleaner is configured in.such a manner that the suction member
3 protrudes along the surface of the ceiling, thus making it
possible for the air within the room to circulate efficiently, as
a result of which it is purified instantly. The front plate of the
dust-collection member 7 comprises a door 11 which can be lowered
in order to allow the pre-filter 4, electric dust-collection unit
5 and deodorising filter 6 to be removed, cleaned and re-inserted
so that they can be used time and time again.

10 With reference to Figs. 21-25 there now follows a detailed
description of the electric dust-collection unit 5, which forms
the most important part of the air-cleaner.

Fig. 21 is a longitudinal cross-section illustrating the
structure of the electric dust-collection unit; Fig. 22 is a
longitudinal cross-section showing the electric dust-collection
unit separated into sub-units; Fig. 23 is an oblique view of the
electric dust-collection seen from the front (the side from which
the air is sucked in); Fig. 24 is an enlarged oblique view of part
of Fig. 23; and Fig. 25 is an oblique view of the electric

20 dust-collection seen from the rear (the side on which the air is
ex;.>elled) . As these drawings show, the abovementioned electric
dust-collection unit consists of needle electrodes 12 shaped like
gramophone needles, which form ionisation space areas, and
deflect.:ing electrodeg 13 shaped like rectangular columns
approximately 10 mm square and 5-6 cm in length, which support and
hold the needle electrodes 12 firm and from the leading surface
of which they protrude. The two together form composite needle and
deflecting electrodes 14, which are arranged vertically and
horizontally in the form of a lattice. The composite needle and
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inside the roomis affected by thf se0RELRIURE QUi side it, resulting in a
consi derabl e deterioration in the ] eating and-cooling. In
order to mmintain a constant tenp mmﬂ{lﬂ]ﬂl the roomwhile at the sane
time purifying the air, not only ation fan be operated
continuously, but it is necessary also to operate the air-conditioner to
heat or COQieﬂ%c'tQﬁﬁiéPébtr-Bae% ha spdesirakies PECAUSE Dhahhervegit amounts

of electricity which air-conditioners and ventilation fans consune. It is
i n these cidoQuwetapcesllidatelelceebdesiwhiail atkeaserand collect dust and

other particulates by means of static electricity) 15 in the shape
of hollow rectangular tubes approximafely 20 mm square and 5-6 cm
in length are inserted between each of them so as to create a
rectangular gap of approximately 5 mm around them, this acting as
a passage for the air. As Fig. 22 shows, the male sub-unit 16 and
the female_ sub-unit 17 can be separated in order to facilitate
cleaning.

10 The male sub-unit 16 has a box-shaped frame (hereinafter
referred to as the ‘outer box frame’) 18, to the lower surface of
which are joined by way of insulating plates 20 supporting members
19, which support a large number of composite needle and deflecting
electrodes 14 and are linked to one another so as to be
equipotehtial, the large number of composite needle and deflecting
electrodes 14 being arranged in lattice shape on lthe inside of the
outer box frame 18. The female sub-unit 17 also has a box-shaped
frame (hereinafter referred to as the ‘inner box frame’) 21, on
the inside of which are formed in a lattice shape a large number

20 of the collector cells 15. When the device is in operation, a high
vbltage (5-6 kV) is impressed from a high-voltage direct-current
power source not shown in the drawings so that the composite needle
and deflecting electrodes 14 and the collector cells 15 are
comeéted in such a manner that the former has positive and the
latter negative potential. As Figs. 23 and. 24 show, the outer box
frame 18 of the male sub-frame 16 and the inner box frame 21 of
the female sub-frame 17 fit into one another.so ﬁhat each of the
composite needle and deflecting electrodes 14 corresponds in

arrangement to one of the collector cells 15, which is to say, so

e —
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enpl oying el ectric dust-collection devices have cone into their own as

bei ng taPR BadiecPRPLeddl Ng Wi th m nimal ventilation, thus elimnating the
wast ef ul Ir-conditioner and offering considerable savings in
terns ot”]ljlﬁlmnlﬁtl el ectric power which they consunme. An exanple of a
conventi - er of this sort is illustrated in Figs. 19 and 20. It
i s desi gnethd® edehhtoagpoyi tehteadtlld and it ftessing electirbde Mdi iis dnsarsadt i on

menber 3, whereby the contam nated air 2 within a roomis sucked in through
the apertuimto a collector cell 15 without coming into contact with it.

Fig. 26 illustrates the action of the air-cleaner.

As will be seen from Fig. 26, when in the abovementioned
configuration a high direct-current voltage is applied to the
composite needle and deflecting electrodes 14, a sort of corona
discharge occurs around the tip of the needle electrodes 12. The
discharge is sustained and stable, and leads to the formation of
an ionisation space area 22. When the contaminated air 2 sucked

10 into the suction member 3 by means of the electrically operated
fan 10 now passes through the ionisation space area 22, the oxygen,
being low in ionisation energy, undergoes electrolytic
dissociation into positive ions. These adhere to particulates 23
in cigarette smoke and other contaminants, which themselves
receive the electric charge of the positive ions. When the charged
particulates 23 then pass through between the deflecting electrode
13 and the collector cell 15, those which aré close to the collector
cell 15, which has a negative potential, adhere to it. Meanwhile,
those particulates 23 which are at a distance from the collector

20 éell 15 are repelled by the positive potential of the polar plate
of the deflecting electrode 13 in the direction of the collector
cell 15, to which they adhere. In this manner, it is possible to
implement effective dust collection from small particulates of
approx.imately 0.01 um in diameter to relatively large ones of
ardund 10 pm.

As is shown in Fig. 27 (a)}, the needle electrodes 12 consist
of a pin member 120 of stainless steel or a similar material with
a nickel-plated tip. Meanwhile, the deflecting electrodes 13

consist of pairs of plate electrode members 130 of stainless steel
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1, a pre fil ter 40.aR, gptrlc dust-collection unit 5, a deodor|5|ng filter
6 corrprl m arbon fibres, a dust-collection nmenber 7 wherein
dust and o nated fromthe air which passes through it, an
expuIS|on d with [ouvres through which air 8 which has been
purified in the dust-collection nenber 7 is expelled fromthe room and a

power supploy aEsiiEn adhingterisl)oihsd9Wtel FoldiRl dhoyitHe sHASe JFoy apENtdyoned

expul sion nenber 9 is fitted with an electrically operated fan 10, whereby

cont am nat edthia f2at dotitoethd sidés atghi ghiteaapees woeitl, These are placed
together, with their open sides facing each other and their
corresponding ends matching, so as to form a rectangular pillar
shape. Hitherto, as Fig. 27 (b) demonstrates, it has been common
practice when producing the composite needle and deflecting
electrodes 14 and after placing a pair of folded _.plate electrode
membérs 130 on top of each other to form a rectangular pillar, to
fit the base of the pin member 120 against the joint on their leading

10 edge, and secure thle vicinity of the point of contact between the
pin member 120 and the two folded plate electrode members 130 with
silver solder 24, thus fashioning the deflecting electrode 13 and
integrating it with the pin electrode 12 at the same time. However,
it is normal to find some 100 composite needle and deflecting
electrodes mounted on one electric dust-collection unit 5, for
which reason the conventional method of production using silver
solder 24 requires a great deal of work and time to be expended
on it. Consequently, there has been a problem of cost-effectiveness
in that while air-cleaners of the needle discharge type pr'esent
20 the technical advantage of more powerful dust collection, there

ha..s been no way of reducing costs and rendering mass—-production
feasible.

On the other hand, the simpler configuration of lattice~
shapeci collector cel}s 15 illustrated in Fig. 28, wherein a set
6f metal plates 150 (hereinafter referred to as ‘cell electrode
plates’) of stainless steel or a similar material having numerous
equidistant slit-shaped notches 25 (hereinafter referred to as
‘notch slits’) are successively interlocked at the notch slits 25

from above and below at right-angles, facilitates mass-production,
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and after being purified in the dust-collection nenber 7,i#§
as clean air 8 through the expul sion nenber 9. This air-cl
configured in such a manner that the suction menber 3 protru
surface of the ceiling, thus making it possible for the air

-+

en

to circulate efficiently, as

10

20

but is fraught with the problem that since the cell electrode plates
150 are thin, they are liable to become deformed as a result of
accidental external forces acting on them during manufacture or
transport, effective dust collection being reduced considerably
where such deformation (indicated on the drawing by the symbol A)

occurs.

SUMMARY OF THE INVENTION

With the foregoing in view, it is an object of the present invention
to provide an electric dust-collection unit which is not only
cheaper and capable of being mass-produced, but has excellent
properties of resistance to mechanical and thermal shocks and
further to provide a method of manufacturing same, together with
an air-cleaner, electric dust-collection device and exhaust smoke
removal device employing that unit.

With the object of solving the abovementioned problem,

according to a first aspect of the present invention there is

provided én electric dust-collection unit comprising needle
electrodes for the purpose of charging particulates within the air
by causing corona discharges around their tips, collector
electrodes arranged in tubular shape corresponding to the needle
eleétrodes for the purpose of attracting and collecting the charged
particulates by means of static electricity, and deflecting
electr.odes which are arranged in such a way as to be inserted within
the collector electrodes for the purpose of imparting a deflecting
force on the chargéd particles in the direction of the collector
electrodes, each of the deflecting electrodes being configured in
the form of a hollow column comprising a forward plate section

having a mounting hole for the purpose of fitting and retaining

eﬁgelled
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aresult of which it is purified instantly. T at f the
dust-col | ecti on nmenber 7pcorrpr|ses a door 11 \/\,ﬁhlJ hg&ha e i2'e|‘ied I n order
to allowthe pre-filter 4, electric dust-collec II ﬂﬂl deodori si ng
filter 6 to be renoved, cleaned and re-inserted an be used
time and time again. Wth reference to Figs. 21-25 there now follows a

detai | ed deperh®édid eQbctbede) @bl sLddlpihtedd@GlonOPaditd the ¥O1Ldrtf M5

the nost inportant part of the air-cleaner. Fig. 21 is a |ongitudinal

Cross- sect iedectkbdstatatd presheibed distance, and each of the needle

| electrodes being fixed on to the forward plate section of one of
the deflecting electrodes in such a way that its tip protrudes from
the surface of the forward plate sections, while its body is
inserted firmly in the mounting hole.

In the foregoing, as a method of manufacturing the electric
dust-collection unit, the preferable mode is one wherein a mounting
hole having a diameter smaller than that of the body of the ﬁeedle

10 electrode is created in advance in the forward plate section of
the deflecting electrode, after which in fitting and retaining the
needle electrode on to the forward plate section of the deflecting
electrode, the tip of the needle electrode is caused to protrude
from the surface of the forward plate section by driving the needle
electrode into the mounting hole in the forward plate section from
the hollow inside of the deflecting electrode, while it is fixed
by inserting the body of the needle electrode firmly into the
mounting hole. '

_ Moreover, according to a second aspect of the present

20 invention there is provided an electric dust-collection unit
cémprising néedle electrodes for the purpose of charging
particulates within the air by causing corona discharges around
their tips, collector electrodes arranged in tubular shape
correéponding to thg needle electrodes for the purpose of
attracting and collecting the charged particulates by means of
static electricity, and deflecting electrodes which are arranged
in such a way as to be inserted within the cqllector elecfrodes
for the purpose of imparting a deflecting force on the charged

particles in the direction of the collector electrodes, wherein
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structure of the electric dust-collection unit; Fig. 22 is a |ongitudinal
cross-section show ng the electric dustm@(shdeemsm Réplhded SEparated into

sub-units; Fig. 23 is an oblique view of dust coll ection seen
fromthe front (the side fromwhich the Imcl E@I E in); Fig. 24 is an
enl arged oblique view of part of Fig. 23] I's an oblique view of
the el ectrif <hesl of @hlbeddf1@tIRGLIIRFLEES of £t EHEasd QQa‘EQ é&*yc%?oaae ai r
is expelled). As these draw ngs show, the abovenentioned electric

dust - col | emétioer Wonrprdsinysa st Dfsthdotvare! PTdteodeetidn shapaty ld ke rst

mounting hole for the purpose of fitting and retaining the needle
electrode and first side plate section facing the collector
electrode at a prescribed distance, and a second folded plate
electrode member comprising a second forward plate section having
a second mounting hole for the purpose of fitting and.retaining
the needle electrode and second side plate section facing the
collector electrode at a prescribed Idistance are assembled in the

10 form of a hollow rectangular column, the first and second forward
plate sections being caused to overlap in such a way that the first
and second mounting holes share more or 1éss the same axis, while
each of the needle electrodes is fixed on to the first and second
forward plate sections of one of the deflecting electrodes in such
a way that its tip protrudes .frbm the surface of the first and second
forward plate sections, while its body is -inserted firmly in the
first and second mounting holes.

In the foregoing, the preferable mode is one wherein the
first and second side plate sections are each folded and processed

20 in such a way that their cross-sectlons are shaped like a valley
Wlth a flat bottom and sides at rlght—angles to it, the deflecting
electrodes configured in the shape of a hollow rectangular column
being formed by aésembiing these two side plate sections so as to
face each other. .

Moreover, in the foregoing, asa method of manufacturing the
electric dust-collection unit, the preferable mode is oné wherein
the first and second mounting holes having a diameéter smaller than
that of the body of the needle électrode are created in advance

in the first and second forward plate sections of the deflecting




grarmphone needl es, ‘which formionisation space areas, and deflecting
SheetitlpsBeen Replasedhped | i ke rectangul ar col utms appr oxi rratel y 10 nm square

g

engt h, which support and hold the needle electrodes 12 firm
adi ng surface of which they protrude. The two together form

conposite needl e and deflecting el ectrodes 14, which are arranged

verticallye2adthodié 7 anidathat 18 Efecdfy %&fr&ahi&hbc&e L@%d‘igr@fe%ttr%d@eedl €

and

10 .

20

on to the deflecting electrode, the deflecting electrode is first
formed by assembling the first and second folded plate electrode
members in the form of a hollow rectangqular column and caﬁsing the
first and second forward plate sections to overlap in such a way
that the first and second mounting holes share more or less the
same axis, after which the tip of the needle electrode is caused
to protrude from the surface of the first and second forward plate
sections by driving the needle electrode into the mounting hole
in the first and second fofward plate sections from the hollow

inside of the deflecting electrode, while it is fixed by inserting
the body of the needle electrode firmly into the :first and second
mounting holes.

Furthermore, according to a third aspect of the present
inventién there is prbvided an electric dust-collection unit
comprising a plurality of needle electrodes for the purpose of
charging particulates within the air by causing corona discharges
around their tips, a plurality of collector electrodes arranged
:an tubular shape corresponding to the needle electrodes for the
purpose of attracting and collecting the charged particulates by
méans of static electricity, and a plurality of deflect_ing
electrodes which are arranged in such a way as to be inserted within
the collector electrodes for the purpose of imparting a deflecting
force ;m the charged.particl_es in the direction of the collector
electrodes, wherein the plurality of collector electrodes is
arranged as a whole in a rectangular lattice shape by causing
pluralities of first and second flat plate electrode members each
having a plurality of notch slits at equal distances from one

another to interlock at the notch slits in such a way as to intersect
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defl ecting el ectrodes 14 are arranged in such a manner that collector cells
(el ect r GiiisShastfils BeaaReplaved and col | ect dust and ot her particul ates by neans

of static 15 in the shape of hollow rectangul ar tubes
appr oxi nma are and 5-6 cmin length are inserted between each
of them so as a rectangul ar gap of approximtely 5 mm around

them thisydehidhe afoth@®RStageghtFaridl@sdi whilkS ebbH notiths BOYE  cdnpe iFake

sub-unit 16 and the female sub-unit 17 can be separated in order to

facilitatea narrow slit section which is the site of the interlocking, and
a notch guide section which acts as a guide into the slit section,
there being formed at least on the edge between one end and the
other of the slit section one or more thorns which cause the slit
at that point to be narrower than the thickness of the flat plate
electrode member.

In the foregoing, it is preferable that the narrowest points
where the thorns are present in the slit sections are approximately

10 3-20 ym narrower than the thickness of the flat plate electrode
members.

Moreover, in the foregoing, as a method of manufacturing the
electric dust-collection unit, the preferable mode is one wherein
in forming the collection electr_qde, pluralities of the first and
second flat plate electrode members are placed with the notch guide
sections facing one another where the notch slits correspond, and
are caused to interlock at an angle of intersection of 100-175 in
such a way that they are assembled as a whole in an oblique lattice
shape, and then adjusted into a rectangle to form a large number

20 of collector electrodes arranged in a rectangular lattice shape.

| Furthermore, in the above first, second and third aspects,

the preferable mode is one wherein the electric dust-collection

unit comprises a female (concave) sub-unit having a large number

of the.collector' elec.trodes arranged in a lattice shape, and a male

(convex) sub-unit having a large number of needle and deflecting
electrodes arranged in a one-to-one correspondence with the
collector electrodes, the female (concave) and male (convex)

sub-units being fitted together in such a way that they are capable

of being attached and detached at will. The abovementioned electric |
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cl eani ng.
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by way of
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one another so as to be equipotential,

The mal e sub-unit 16 has a box-shaped frame (her‘eiﬂﬁsféhgert}lgsegeg{

I ﬁepgced
i nsul ating plates 20 supporting nenbers 19, which s:}l mﬂaum(u[lﬁm
conposite needl e and defl ecting el ectrodes 14 and a _ t

t he | arge nunber of conposite needle

"outer box frame') 18, to the | ower surface of whic

and def | ecti$g-¢dAictadasurdik el Wit taBOEIrdt) baténd andheRErdRspletsnsi de

of the outer box frane 18. The fenale sub-unit 17 al so has a box-shaped

10

20

pertain is suitable for mounting in air-cleaners fitted in
smoking-rooms, offices and similar locations, electric dust-
collection devices fitted in factories and other places where the
air is f;‘.lled with oil-mist, devices for removing exhaust smoke
fitted in the exhaust passages of diese_l engines and elsewhere.
The first, second and third aspects of this invention make
it pdssible to combine the needle electrode and the deflecting
electrode with the use of impact alone, and without réelying on
welding, a fact which makes the operation both simple and quick.
This in turn makes it possible to reduce costs, and facilitates
me;ss-production and improved resistance to mechanical and thermal
shocks. Moreover, the fact that numerous thorns are provided in
the slit sections of the collector cells means that it is more
difficult for them to become distorted because the retention effect
of these thorns comes into play. It should be added that the
presence of numerous thérns is no impediment to simplicity and does
not hinder mass-production provided that the method of manufacture

outlined in this example ié followed.

BRIEF DESCRIPTION QOF THE DRAWINGS

Fig. 1 serves to elucidate the method of manufacture of the
compoéite needlé and'deflecting electrodes which are incorporated
into the electric dust-collection unit (male sub-unit) for an
air-cleaner which forms an. embodiment of the present invention:
more specifically, it is an oblique view which shows step by step
how one of a pair of folded plate electrode members which

constitutes a deflecting electrode is produced;

12
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frame (hereinafter‘referred to as the "inner box frame') 21, on the
n

in alattice shape a | arge nunber of the collecto
e device is in operation, a high voltage (5-6 kV) is

aihi gh-vol tage direct-current power source not shown i

col l ector cell sFig.az?eis@meblidue nrisuc Whachieshows shep bhesteap dow bhs
positive and the latter negative potential. As Figs. 23 and 24 show,
box éthemr nefbetr ¢ficchempaisubt ficddedlglatel eliectrode mebers ahigcR1 of

out er
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constitutes a deflecting electrode is produced;
Fig. 3 is an enlarged drawing of part of Figs. 1 and 2;
Fig. 4 is an oblique view which demonstrates typical;y how
a pair of folded plate electrode members is combined to form a
déflecting electrode;

-Fig. 5 also demonstrates typically how a deflecting
electrode is formed, (af being an oblique view, and (b) a partial
cross-section;

Fig. 6 demonstrates typically how a pin member is driven into
a deflecting electrode in order to form a composite needle and
deflecting electrode, (a) being an oblique view, and (b) a partial
cross—-section;

Fig. 7 illustrates the structure of a completed composite

needle and deflecting electrode, {a) being an oblique view, and

~ (b) a partial cross-section;

Fig. 8 serves to elucidate the method of manufacture of the
collector cells which are incorporated into the electric dust-
collection unit (female sub-unit) for the air-cleaner which forms

an embodiment of the present invention: more specifically, it is

nsi de

r

n the
drawi ngs so that the conposite needl e and deflecting el ectrodes 14 and the

t he

a top view which shows step by step how a cell electrode plate is

_ produced;

fig. 9 is a top view which illustrates the shape of a
completed cell eleétrode plate;

Fig{ 10 is an enlarged drawing of part of Fig. 9;

Fig. 11 dempnstrates typically how a set of cell electrode

plates is combined to form collector cells:;
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t he femal e sub-frane 17 fit into one another so that each of«mstgngetﬁggrﬁg eE:Eced

needl e and defl ecting el ectrodes 14 corresponds in arrangene
the collector cells 15, which is to say, so t hat each co Hl
and deflecting electrode 14 is inserted into a collector cel IUNUMU

comng into contact with it. Fig. 26 illustrates the action of the
air-cl eaner. Fig. 12 also demonstrates typically how collector cells are

formed;

Fig. 13 also demonstrates typically how collector cells are
formed;

Fig. 14 is an oblique view which illustrates the external
appearance and structure of completed collector cells;

Fig. 15 is an enlarged oblique view of part of Fig. 14;

| Fig. 16 is a top view which illustrates a collector cell
pertaining to a modification of the same embodiment;
10 Fig. 17 is an oblique view which illustrates the same

collector cell;

Fig. 18 is a drawing which illustrates another adaptation of
the same embodiment;

Fig. 19 is an oblique view showing the external appearance
of an air-cleaner which operates by the needle discharge method;.

Fig. 20 is a side view of the same air-cleaner which is
partially cut away;

Fig. 21 is a longitudinal cross-section illustrating the
structure of the electric dust-collection unit which forms the

20 principal part of the same air-cleaner;

Fig. 22 is a longitudinal cross—-section show1ng the electric
dust-collection unit separated 1nto sub-units;
Fig. 23 is an oblique view of the electric dust-collection seen
from tﬁe front (the side from which the air is sucked in);

Fig. 24 is an enlarged oblique view of part of Fig. 23;

Fig. 25 is an oblique view of the electric dust-collection
seen from the rear (the side on which the air is expelled);

Fig. 26 is a notional drawing which illustrates the action

of the air-cleaner;
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As will be seen fromFig. 26, when in thg R pﬁ&@pﬂtﬂeoi%g configuration a

high direct-current voltage is applied t needl e and .
defl ecting el ectrodes 14, a sort of coroBy Dlﬂﬁgﬂ@! ccurs around the tip
of the needl e electrodes 12. The di schar impd and stable, and

| eads to the formation of an ionisation space area 22. Wen the

contam nated ai ipig, Spgkadahnéolidife S46kivHLIPERREnst AtSEPRP518411%he
electrically operated fan 10 now passes through the ionisalion space area
22, the oxggetentitinil methbd 6P mifAifaetuesessYcompddetaosse@ledrd! ytic

deflecting electrodes; and
Fig. 28 is an oblique view which demonstrates typically the
conventional method of manufacture of collector cells, and the

problem inherent therein.

DETATLED DESCRIPTION QF THE PREFERRED FMBODIMENTS

10 There follows a description of the preferred embodiment of
the present invention with reference to the drawings.

Figs. 1-7 serve to elucidate the method of manufacture of the
composite needle and deflecting electrodes which are incorporated
into the electric dust-collection unit (male sub-unit) for an
air-cleaner which forms an embodiment of the present invention.
More specifically, Fig. 1 is an oblique view which shows step by
step how one of a pair of folded plate electrode members which
constitutes a deflecting electrode is produced; Fig. 2 is an
oblique view which shows step by step how the other member of the

20 pair of folded plate elec{:rode members which constitutes a
deflecting electrode is produced; Fig. 3 is an enlarged drawing
of part of Figs. 1 and 2; Fig. 4 is an oblique view which
demonstrates typically how a pair of folded plate electrode members
is con;bined to form a deflecting electrode; Fig. 5 also
demonstrates fypically how a deflecting electrode is formed, (a)
being an oblique view, and (b) a partial cross-section; Fig. 6
demonstrates typically how a pin member is driven into a deflecting
electrode in order to form a composite needle and deflecting

electrode, (a) being an oblique view, and (b) a partial cross-
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di ssociation into positive ions. These adhere to particulates 23 in
cigarette snoke and ot her contam nants, which thensel ves receive the

el ectric charge of the positive ions. Wien the charged particulates 23 then
pass through between the deflecting el ectrode 13 and the collector cell 15,
those which are close to the collector cell 15, mhich has a negative

potent i al o e ol g VeRstratOSEnd YL o5 23 ShipaRcake at o

di stance fromthe collector cell 15 are repe e posifive potenti al

of | It he pol esmgilsiite aketile sled |RE1clE iRy CE1éRTRAET I(a) Bl 18 bb2iqaé the
corector view, and (b) a partial cross-section.

Meanwhile, Figs. 8-15 serve to elucidate the method of
manufacture of the collector cells which are incorporated into the
electric dust—collectidn unit (female sub-unit) for the air-
cleaner which forms an embodiment of the present invention. More
specifically, Fig. 8 is a top view which shows step by step how
a cell electrode plate is produced; Fig. 9 is a top view which

10 illustrates the shape of a completed cell electrode plate; Fig.
10 is an enlarged drawing of part of Fig. 9; Fig. 11 demonstrates
typically how a set of cell electrode plates is combined to form
collector cells; Fig. 12 also demonstrates typically how collector
cells are formed; Fig. 13 also demonstrates typically how collector
cells are formed; Fig. 14 is an oblique view which illustrates the
external appearance and structure of completed .collector cells;
and Fig. 15 is an enlarged oblique view of part of Fig. 14.

There are two points in which this air-cleaner differs
greatly from conventional air-cleaners of the needle discharge

- 20 type. The first is that it adopts a method of attaching the needle
electrode to the deflecting electrode by driving a pin member into
a pair of.folded plate electrode members instead of welding them
as hitherto. The second is that it provides tiny thorns in the notch
slits 6f the cell elgctrode plates as a means of preventing the
collector cells from becoming deformed. Apart from tﬁese two
points, its mechanism and the principle by which it works are more
or less identical with those of the prior art which have already

been described. Consequently, this embodiment will either omit or
[
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cell 15, to which they adhere. In this manner, it is possible to inplenent
effective dust collection fromsmall particul ates of approxihEBhe! FasBed Reflibed

in diameter to relatively large ones of around 10 [err]m As

Fig. 27 (a), the needl e electrodes 12 consist of a pin rrerrbei
stainless steel or a simlar material with a nickel-plated t

R

the def| ectiu 6hPehtodesedibadRsbE! tRlsdPdrtsOlnblal frelsighn gdes gomber s

130 of stal nl'ess “stee

10

20

structure to conventional ones, and concentrate on explaining the

~ structure of the composite needle and deflecting electrodes and

of the collector cells, both of which differ from the prior art.
In parf:icular, it will concentrate on the method of their
manufacture.

There follows firstly a description of the composite needle
and deflecting electrode and the method of its manufacture.

As Fig. 7 shows, this composite needle and deflecting

electrode 26 is the same as hitherto in that it is composed of a

- needle electrode 27 and a deflecting electrode 28, which are

combined into a single structure. The needle electrode 27 consists
of a pin member 29 of stainless steel or a similar material and
having a nickel-plated tip. The.deflecting electrode 28 consists
of a pair of folded plate el'ectr'ode members 30, 31 of stainless
steel or a similar material. As the drawing also shows, the forward
plate section 301 of one of the folded plate electrode members 30
and the forward plate section 311 of the other folded plate
electrode member 31 fit over each other to form the deflecting
elgctro_de 28, while each of the forward plate sections 301, 311
has a mounting hole ha, hb for affixing the pin member 29, the
mounting holes sharing the same axis. A point wherein the present
invéntion differs greatly from the prior art is the fact that a
compos;i.fe e_lectrode l_aody consisting of the deflecting electrode
28 and the needle electrode 27 is formed by inserting and fixing
the common pin membef 29 into both these mounting holes ha, hb.
As is illustrated in Figs. 1 and 2, the folded plate electrode
members 30, 31 are moulded and processed by arranging in a line

a plurality of punching tools (not shown in the drawing), each of

17
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or a simlar naterlal which are folded into the shape o a valley with a
f | athidshedt Han g\ at right-angles to it. These are pl aced toget her,
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es faci ng each other and their correspondi ng ends
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instance, 0.5 mm-thick stainlgss steel are fed one after another
to these punching tools and punched into various shapes. The flat

members 30a, 3la which are obtained as a result of a combination

of piercing, contour punching and notching are then subjected to

bending in order to produce three~dimensional folded shapes, thus
yielding a plurélity of folded plate electrode members 30 (31)
which are arranged . in a horizontal row along the length of a
connecting supporting meﬁber 19, being connected to one another
thereby.

As a result of the abovementioned process each of the folded
plate electrode members 30, 31 is formed into the shape of a valley
with a flat bottom and sides at right-angles to it, whereof the
bottom section or web 3b2, 312 between the two sides or flanges
303, 313 is 5-6 cm in length. The forward edge is also folded at
right-angles to yield a forward plate section 301, 311. The width
of the flanges 303, 313 is roughly half that of the web 302, 312,
which is for instance about 10 mm. Thus the deflecting electrode
28 is formed by matching the edges of the corresponding flanges
303, 313 of one folded plate electrode member 30 and another folded
plate electrode member 31. It should be added that since during
the process of forming the deflecting electrode 28 the forward
plate sections 301, 311 are laid on top of each other in such a
way thé.t the forward plate section 301 of one folded plate electrode
member 30 comes inside, while the forward plate section 311 of the
other folded plate electrode member 31 goes outside, the length
of the one folded plate electrode member 30 is made shorter than
Ithat of the other folded plate electrode member by the thickness

of the plate t (for instance 5 mm).

forma rectangul ar pillar shape. Hitherto, as Fig. 27
rates, it has been comon practice when producing the conposite

18
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menbers 130 on top of ea h other to forma rectangul ar plllar to fit the

base of the m‘hms al nst the joint on their |eading edge, and
secure the vi c |nt of contact between the pin nenber 120 and
the two fol ded e menbers 130 with silver solder 24, thus

fashi oning the e Iectlng eI ectrode 13 and integrating it with t he pin

el ectrode 12 at 1hh@gANBnEL R thBNEY Cleachiside B fBYwakrd pldik §60RidNY
conposite needl e and deflectlng el ectrodes mounted on one el ectric

dust - col | exd1,081Vdistméde F6hghty ¢hiteanendinksionvwenthenddtheshgdandes

production using silver
303, 313 (for instance about 10 mm) . As has already been explained,
mounting holes ha, hb of, for instance, about 1-3 mm in diameter
for affixing the pin member 29 are opened in the centre of the
forward plate sections 301, 311. Here it necessary for the diameter
of the mounting holes ha, hb to be greater than that of the tip
291 of the pin member 29 but somewhat smallér than that of the body
section 292. Moreover, as Figs. 5 and 6 show, the mounting hole

10 ha in the forward plate section 301 of the one folded plate

electrode member 30 is sunk inwards, while the mounting hole hb
in the forward plate section 311 of the other folded plate electrode
member 31 is sunk outwards.

The composite needle and deflecting electrode 26 using these
folded plate electrode members 30, 31. In doing so, first of all,
as is shown in Fig. 4, one folded plate electrode member 30 is
brought into contact with another folded plate electrode member
31 in such a way that the open éides of the valleys face each other.
Next, as Fig. 5 demoristrates, the corresponding edges of the

20 flanges 303, 313 are matched with each other, and the forward plate
séction 301 of the one folded plate electrode member 30 is placed
inside, while the ‘forward plate section 311 of the other folded

. plate electrode member 31 is placed outside. Then the two forward
plate éections 301, 311 are brought on. top of each other with the
axes of the mounting holes ha, hb matching, as Fig. 6 shows, thus
forming the deflecting electrode 28.

The next step is to insert the pin member 29 through the
overlapping mounting holes ha, hb from the inside of the deflecting

electrode 28, so that the tip 291 protrudes from the surface of

REPLACED
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sol der 24 requires a reat deal of k and tine to be expended on it.

Consequently, there § S e ° of cost-effectiveness in that while
air-cleaners of the ne type present the technical advantage
of nore powerful dust ere has been no way of reducing costs
and rendering nass- productlon fea5|ble On the other hand, the sinpler

cont o othReghot bOSEs SUBIGLIRE A Wl BEHLof Dol gl 2oy B 0 20
el ect rOdediameter of the mounting holes ha, hb is greater than that of the
- tip 291 of the pin member 29 but somewhat smaller than that of the
body section 292. Consequently, the body section 292 is halted by
the mounting holes ha, hb and remains inside the deflecting
electrode 28. Next, an air hammer or similar impacting device which
is not shown in the drawings is used to drive the thicker body
section 292 of the pin member 29 from behind into the mounting holes
ha, hb. The mounting holes ha, hb undergo elastic deformation as
10 a result of the introduction of the body section 292, and the

restitutive force and high degree of frictional force which are
generated as a result fix the body section 292 of the pin member
29 firmly in the mounting holes ha, hb. Meanwhile, the one folded
plate electrode member 30 and the other folded plate electrode
meml_:er 31 are also linked firmly by means of the pin member 29,
thus completing the deflecting electrode 28.

In this way the method of forming a composite needle and
deflecting electrode outlined above makes it possible to combine
the needle electrode 27 and the deflecting electrode 28 with the

20 use of impaét alone, and withouf relying on welding, a fact which
makes the operation both simple and quick.

There follows a description of the collector cells and the
method whereby they are produced. _

As may be seen from Fig. 9, the collector cells 40 are formed
by dividing a pfescribed number of cell electrode plates 42
provided with numerous equidistant notch slits 41 into two groups
Gl, G2, and interlocking at the notch slits 41 a plurality of cell
electrode plates 42 of the vertically aligned group Gl with a

plurality of cell electrode plates 42 of the horizontally aligned

. THIS SHEET HAS BEFN
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plates') of stainless steel or a simlar material having numerous
equi di stant slit-shaped notches 25 (hereinafter referred to TasSheeHas Been Replaced

slits') are successively interlocked at the notch slits 25 frtfmmmnguﬂlﬂ"
i

bel ow at right-angles, facilitates mass-production, 7 but
group G2. The fact that the collector cells 40 are configured in

with the problemthat since the cell electrode plates

the shape of a lattice is the same as in the prior art. What is
different, as Fig. 10 shows, is the provision of a plurality of
tiny thorns T on the edges of each notch slit 41. Moreover, as a
result of the provision of these thorns T, as explained below, the
nethod of interlocking the cell electrode plates 42 differs from
the conventional one.
The cell electrode plates 42 are moulded and processed by
arranging in a line a plurality of punching tools (not shown in
10 the drawing), each of which consists of a punch and a die. As is
illustrated in Fig. 8, metal plates 43 of, for instance, 3 mm-
thick stainless steel are fed one after another to these punching
tools and punched into various shapes. As a result of a combination
of piercing, contour punching and notching, the cell electrode
plate 42 as illustrated in Fig. 9 is formed, having along its length
a plui:al‘ity of notch slits 41 with thorns T and a plurality of
retaining holes P arranged at a pitch which corresponds to the width
of the collector cells 40. (for instance about 20 mm).
In forming the notch slit 41, four punch dies for punching
20 holes with thé cross-sectional shape of a short slit (for instance
a short slit S approximately 7 mm long, approximately 1 mm wide
and rounded at both ends), and one punch die .for punching notches
with the cross-sectional shape of a wedge are prepared. The punch
dies fér punching hoJ:es are arranged two each in a straight line
separated from one another by a prescribed distance (roughly the
length of one approximately 7 mm-long short slit S), and
alternately in two rows front and rear. The short slits S made by
the four punch dies in the metal plate 43 are then combined as

illustrated in Fig. 8 to form a long slit LS, after which the punch
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foregoing in view, it is an object of the present invention to
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ei ng
isosceles triangle in the strip of the metal plate 43 between its

upper edge, as illustrated in the drawing, and the upper end of
the long slit LS, also as illustrated in the drawing. It should
be pointed out that in order to create the thorns on both sides
of the notch slits 41 it is important to ensure that the shape of
the ends of the short slits S, which is the cross-sectional shape
of thé punch dies for punching holes, is rounded (semi-circular
or oblong) or tépers like a.triangle: a square end section will
fail to produce the thorns T.

In other words, each of fhe punch dies for punching holes
forms a short slit S, which is for instance approximately 7 mm long,
approximately 1 mm wide and rounded at both ends as in Fig. 8. Four
of these short slits S arranged in a straight line with their
rounded ends overiapping form the long slit LS. The thorns T are
formed in pairs by the fact that a thorn-shaped section remains
uncut at both ends of each short slit S because the rounded end
of one short slit and that of the next one overlap in opposite
directions to each other (and consequently the rounded ends overlap
only partially). Thus a facing pair of thorns T is created at the
points where the notch slit 41 is narrowest (for instance 0.295
pm) . Moreover, a further pair of facing thorns is created where
the head of the guide notch D, which is shaped in the form of an
isosceies triangle, overlaps with the end of the long slit LS. Thus,
there are four narrowest points in this example where thqrns T are
formed. The dimension of the notch slit 41 at its narrowest point
should preferably be about 3-20 pm less than the thickness of the
cell electrode plate 42 (for instance 0.3 mm). For the sake of

convenience when assembling the collector cells 40, the total

22
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properties of resistance to chani cal and _thermal shocks and further to

provi de a nethod of manufact clgm con der with an air-cleaner,
ikt

el ectric dust-collection devi snoke Tennval devi ce enpl oyi ng
that unit. Wth the object of ovenentioned problem according
to a first aspect of the present invention there is provided an electric

dust - col | ecérigth B the ABRENSTIE Beetd &oRLREY RAGS tﬁerhéi?ﬁtpﬁf RIRE 01
charging particulates within the air by c¢ausing corona di scharges around
their tipselestidoelet plate.

As is also shown in Fig. 8, the retaining holes P are punched
out at the same time aé the long slits LS are created, and are
located one each along the lower edge of the metal plate 43 as
illustrated in the drawing on a line extending from the long slits
LS. The distance from the lower edge of the cell electrode plate
42 as illustrated in the drawing to the centre of each retaining
hole P is roughly the same as the distance from the upper edge of

10 the cell electrode plate 42 as illustrated in the drawing to the
first thorn T.

Using a large number of cell electrode plates 42 which have
been formed in this way, a large number of collector cells 40 is
assembled. For this purpose first, as Fig. 11 shows, a plurality
of collector cells 40 is divided into two groups Gl, G2 for vertical
and horizontal alignment respectively. Next, as may be seen from
Figs. 12 and 13, the cell electrode plates 42 of the vertically
aligned group Gl are interlocked with the cell electrode plates
42 of the horizontally aligned group G2 at an angle of 100-175 (Fig.

20 © 12 shows an example of an angle of 100 , Fig. 13 of 175 ), and then
acijusted into a rectangle to form a large number of collector cells
40 arranged in a réctangular lattice shape as in Fig. 14.

What is important here is the fact that in this example there
are nuinerous thorns T in the notch slits 41. Where these thorns
T are, the width of the slit is about 3-20 um'less than the thickness
of the cell electrode plates 42, so that if initially the cell
electrode plates 42 intersect at right-angles, it is impossible
to make them interlock however much force is applied vertically

because the notch slits will not yield lengthwise. However, if the
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el ectrodes a apge i L bl1I| shape corresponding to the needl e el ectrodes
for the purpos gdrand collecting the charged particul ates by
means of statim ] and defl ecting el ectrodes which.-are arranged
in such a way ted within the collector electrodes for the
purpose of inparting a deflecting force on the charged particles in the

di rection g 5&36@9'6@%@1 ehee&m@qola%@ehsw ¢hardebraskbadteyenidrodes
bei ng configured in the formof a hol'low colum conprising a forward plate
secti on haMichOthe otdh g iltel etfai ddiepoEpee-Ulfs f idd ieaghaotheetas ni ng

described above, the thorns T easily yield perpendicularly to the
surface of the cell electrode plates 42, and can be made to
interlock simply without the need for any great pressure. Once they
have interlocked, it is an easy matter to adjust them sé that they
intersect at right-angles because the thorns T easily yield
perpendicularly to the surface of the cell electrode plates 42.
Thus, configuring the collector cells 40 according to this
10 example means that it is more difficult for them to become distorted
as a result of accidental external forces because, as Fig. 15 shows,
not only are there thorns T in the notch slits 41 where the heads
of the guide notches D and the semicircular énds of the long slits
LS overlap, but there are numerous thorns T inside the long slits
LS also, so that the retentiqn effect of the thorns T comes into
play. In other words, their resistance to shock is improved.

In this way the configuration of this embodiment makes it
possible to combine the needle electrode 27 and the deflecting
electrode 28 with the use of impact alone, and without relying on

20 welding, a fact which makes the operation both simple and quick.
This in turn makes it possible to reduce costs and facilitates
mass-production. Moreover, the fact that numerous thorns are
provided in the slit sections of .the. collector cells means that
it is inore difficult. for them to become distorted because the
retention effect of these thorns comes into play. It should be added
that the presence of numerous thorns is no impediment to simplicity
and does not hinder mass-production provided that the method of

manufacture outlined in this example is followed.
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t he needl e el ectrode,
at a prescribed distance,

way t hat

while its body is inserted firmy in the nounting hol e.

10

The above is a detailed description of an embodiment of the
present invention with reference to the drawings.
Howevér, the configuration is not restricted to this embodiment,
and the invention may be taken to include modifications of design
so long as they do not deviate from the purport of the invention.
For example, it is possible to alter the shapes and numbers of the
needle electrodes, collector cells, notch slits and thorns.

Moreover, the above embodiment employs deflecting electrodes
configured from folded plate electréde members 30, 31 in the shape
of a valley with a flat bottom and sides at right-angles to it,

" but is not restricted to these. For instance, angle-type folded

20

plate electrode memberé 50, 51 as illustrated in Figs. 16 and 17
may be used. Furthermore, the plate electrode members which form
the deflecting electrodes are not restricted to folded plates, but
may also be flat or curved plates, and one set need not employ only
two members, but may also employ three or more.

In addition, the above embodiment describes the electric
dust—coliection unit to which the present invention pertains as
mounted in an air-cleaner for office use, but it is not restricted
tq this, and may also be mounted, for instance, in electric
dust-collection devices installed in factories and other places

which are contaminated with oil-mist. What is more, as Fig. 18

dEmonstrates, it may also be mounted as electric dust-collection

units 61 to an exhaugt smoke removal device fitted to the engine
exhaust passage of a diesel vehicle 65 in order to. collect carbon

particulates (smoke) within the exhauét 64.

This Sheet Has Been Replaced

and side plate section facing the collector electrode
and each of the needle electrodes being fixed on.
to the forward plate section of one of the deflecting electrodes in such a
its tip protrudes fromthe surface of the forward pl ate sections,
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In the foregoing, as a nmethod of manufacturing the electric dust-collection
unit, the preferable node is one wherein a nounting hole having a di aneter
smal l er than that of the body of the needle electrode is created in advance
in the forward plate section of the deflecting electrode, after which in

fitting and retaining the nee e e&ﬁﬁJ gs&gﬁ cdg0 the forward plate section

of the deflecting el ectrode, t edle electrode is caused to
protrude fromthe surface of th section ﬁ dr|V|ng the

needl e el ectrode into the rmunti 'm”,’quﬂl’lﬂ"nm

formard

Wh i laim is:

1.  An electric dust-collection unit,
comprising:

a needle electrode having a tip and a body and
constructed to charge partlculates w1th1n the air by creating
corona discharges around said tip:

10 a cdllector electrode arranged in a tubular shape so as
to correspond to said needle electrode and constructed to attract
and collect the charged particulates by means of static
electricity; and,

. @ deflecting electrode inserted within said collector
electrode for imparting to the chafged.particulates a deflecting
force of moving towards said collectdr electrode, wherein said
deflecting.electrode is configured in the form of a hollow column
comprising a forward plate section having a mounting hole for
fixedly securing said needle electrode and a side plate section

20 fgcing said collector electrode in a spaced relation thereto; and
wherein said needle electrode is fixed on to said forward plate
section of said deflecting electrode in such a way that said tip
protrudes from a surface-of said forward plate section, while said

body thereof is intimately fitted in said hole.

2. A method of manufacturing said electric dust-
collection unit according to Claim 1, comprising the steps of:
forming said mounting hole having a diameter smaller than

that of said body of said needle electrode in advance in said
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the holl ow insid f e f.l ecting el ectrode, V\hilmby\
i nserting the%‘gxs hedt ats eni Iacgcfe electrode firmy i nt,muyj ,l,lgju | €.
Mor eover , accorﬂ ll fﬂ Iﬂnd aspect of the present’y S

provi ded an el e llection unit conprising needle el ectt odes for
t he purpose of charging particulates within the air by causing corona

di schar gess@haiir phBekr sééPon oF %Sfi‘&%ﬂ&&@@%%@ﬁfé&&%ﬂaﬂ FEHQHi?r

shape corresponding to the needle el ectrodes for the purpose o
securing said needle electrode to said forward plate section of
said deflecting electrode, by driving said needle electrode into
said mounting hole in said forward plate section from the hollow
inside of said deflecting electrode to cause said needle electrode
to protrude frbm the surface of said forwérd plate Section, and

by intimately fitting said body of said needle electrode into said

mounting hole to secure the same.

10 3. An electric dust-collection unit,
comprising:
a8 needle electrode having a tip and a body and
constructed to charge .particulates within the air by creating
corona discharges around said tip;

a collector electrodé arranged in a tubular shape so as
to correspond to said needle electrode and constructed to attract
and collect the charged particulates by means of static
electricity; and,

| a deflecting electrode inserted within said collector
20 electrode for imparting to the charged particulates a deflecting
.fo.rce of moving towards said collector electrode, wherein said
deflecting electrode comprises a first folded plate electrode
member including a first forward plate section having a first
mountiﬁg hole for fixgdly securing saiq_l needle electrode and first
side plate section facing said.collector electrode in a spaced
relation thereto, and a second folded plate electrode nmember
including a second forward plate section having a second mounting
hole for fixedly securing said needle electrode and second side

plate section facing said collector electrode in a spaced relation
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attractin %Q K llgcting the charged particul ates by neans of —statie——

el ethisSh ef | ecting el ectrodes which are arran a way as
to b E m% n the collector electrodes for the mmﬂmzm m”l ng
ade on the charged particles in the direetion g .
collector el ectrodes, wherein

thereto; and wherein said needle electrode is assembled in the form.
of a hollow rectangular column, said first and second forward plate
sections being caused to overlap in such a way that said first and
second mounting holes share more or less the same axis; and said
needle electrodes is fixed on to said first and second forward plate
sections of said deflecting electrode in such a way that said tip
protrudes from surfaces of said first and second forward plate

sections, while said body thereof is intimately fitted in said

first and second mounting holes.

10
4. An electric dust-collection unit according to Claim 3,
wherein each of said first and sécond side plate sections has a
channel-shaped cross-section, said deflecting electrodes
configured in the shape of a hollow rectangular column being formed
by assembling said first and second side plate sections so as to
face each other.
5. A method of manufacturing the electric dust-collection
unit according to Claim 3 or 4, comprising the steps of:
20 . forming said first and second mounting holes having a

diameter smaller than that of said body of said needle electrode
in advance in said first and second forward plate sections of said
deflecting electrode; and fixedly securing said needle electrode
on to éaid deflecting electrode, said fixedly securing step

comprising forming said deflecting electrode by assembling said
first and second folded plate electrode members in the form of a
hollow rectangular column and causing said first and second forward
plate sections to overlap in such a way that said first and second

mounting holes share more or less the same axis, and driving said

REPLACED
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in each of the deflecting electrodes a first folded ptate—el ectrode nenber

C Offfafshé&t N4 BlenfRepladed f Or ward pl ate section ' ' unting hole for
t he ting and retaining the ,mmmﬂm’(mﬂi'ﬂand first side
pl amuﬂgmﬂmmgﬁ ng the collector electrodecat Lta pres ed di stance, and
as I ate el ectrode nenber conprising a second forward pl ate
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r et ai ni ng € nee Secon e section facing the
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said deflecting electrode to cause said tip of said needle
electrode to protrude from surfaces of said first and second
forward plate sections, and to fit intimately said body of said

needle electrode into said first and second mounting holes.

6. An electric dust-collection unit,

comprising:

10 a plurality of needle electrodes having a tip and a
body and constructed to charge particulates within the air by
creating. corona discharges around said tip:;

a plurality of collector electrodes arranged in a tubular
shape so as to correspond to said needle electrodes and constructed

"~ to attract and collect the charged particulates by means of static
electricity; and,

a plurality of deflecting electrodes each configured in the
form of a column and inserted within said collector electrodes for
iI_npa.rting to the charged particulates a deflecting force of moving

20 towards said collector electrodes, wherein said collector
electrodes are arranged as a whole in a rectangular lattice shape
by causing pluralities of first and second flat plate electrode
members each having a plurality of notch slits at equal distanceé
from ort;e another £o interlock at said notch slits in such a way
as to intersect with one another at right-angles; and each notch
slif comprises a narrow slit section which is the site of said
interlocking, and a notch guide section which acts as a guide into

said slit section, there being formed at least on the edge between

one end and the other of said slit section one or more thorns which
- : THIS SEEET HAS BEEN
REPLACED
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formof a hollow rectangular co second forward plate

sections being caused to overlap | that the first and second
nounting hol es share nore or |es "mnmﬂaﬂm“ ile each of the needle
electrodes is fixed on to the first ward pl ate sections of

one of the deflecting electrodes in such a way that its tip protrudes from

e e fbufle LHE JidiH o ULACEONE dOLHRE DBhR: £o BEOAL I Bhif dde PO

S |nserte unti1ng ho

f oregoi ng, tﬂﬂﬁ(n%rsgf 8Fabh£4 'O’ bIaPBC VRS RIdR hbfber.

7. An electric dust-collection unit according to Claim 6,
wherein the narrowest points where said thorns are present in said
slit sections are approximately 3-20 ym narrower than the thickness

of said flat plate electrode member.

8. A method of mahufacturing the electric dust-collection
10 unit according to Claim 6 or 7, wherein in forming said collection
electrode, pluralities of said first and second flat plate
electrode members are placed with said notch guide sections facing
one another where said.notch slits correspond, and are caused to
interlock at an angle of intersection of 100-175 in such a way as
to be assembled as a whole in an oblique lattice shape, and then
adjusted into a rectangle to form a large'number of collector

electrodes arranged in a rectangular lattice shape.

9. An electric dust-collection unit according to Claim 1,
20 3, 4, 6 or 7, wherein said electric dust-collection unit comprises
a female (concave) sub-unit having a large number of said collector
electrodes arranged in a lattice shape, and a male (con{rex)
sub-unit having large numbers of needle electrodes and deflecting
electrbdes arranged in a one-to-one correspondence with said
collector electrodes, said .female (concave) and male (convex)
. sub-units being fitted together in such a way as to be capable of
being attached and detached. |

————-————‘—/—_—_‘.
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first and second s are each folded and processed in such
a way that their 'E E“@‘mﬁmjmﬂ shaped like a valley with a flat bottom
and sides at right e defl ecting el ectrodes configured in

t he shape of a holl ow rectangul ar col um being forned by assenbling these
two side plate sections so as to face each other. Mreover, in the

foregoi ng, as d of nuf acturin he el ectri.c dus col I ect I on un| t,
the pref of abl e s iRERLhe THRFEALES, St Widena HRTATT e

having a gav:. éeén a l li?x&eEhgnd an air outlet and an electric dust-

collection unit according to Claim 1, 3, 4, 6, 7 or 2 mounted

therein.

11. An air-cleaning apparatus according to Claim 10,
wherein said dust-collection unit is housed in such a way that it

is capable of being attached to and detached from said device

casing.
10
12. An electric dust-collection device having an electric
dust-collection unit according to Claim 1, 3, 4, 6, 7 or 9 mounted
within a device casing having an air inlet and an air outlet.
13. An electric dust-céllection device according to Claim
12, wherein said dust-collection unit is housed in such a way that
it is capable of being attached to and detached from said device
casing.
20 _ 14. An exhaust particulate collection device having an

exhaust inlet and an exhaust outlet, being provided with a device
casing capable of housing said dust-collection unit, and having
at least said exhaust inlet fitted to the exhaust passage of a
diesel .engine in such a way as to collect particulates within the
exhaust by means of electrical control, wherein said exhaust
particulate collection device has an electric dust-collection unit
according to Claim 1, 3, 4, 6, 7 or S mounted within a device casing

having said exhaust inlet and exhaust outlet.

This Sheet Has Been Replaced

[T

RL PLACED

THIS SHEET HAS BEEN |

_

31



that of the body of the neéedle electrode are created in advance-in the
first and secondumw\mllﬂlnmmﬁctions of the deflecting el ectrode, and
that in fitting needl e el ectrode on to the deflecting

el ectrode, the defletting "l &cttode is first formed by assenbling the first
and second fol ded plate el ectrode nenbers in the formof a hollow

rectangul ar C0|f§n1 ?ﬂH C:lgﬂs%gpagilculate collection device according to

Claim 14, wherein said dust-collection unit is housed in such a

way that it is capable of being attached to and detached from said

device casing.
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first and second forward plate sections to overlap in such a way that the
first and second nounting holes share nore or | ess the sane axis, after

- which the tip of the needle electrode is caused to protrude fromthe
surface of the first and second forward plate sections by driving the
needl e el ectrode into the mounting hole in the first and second forward

pl ate sections fromthe hollow inside of the deflecting electrode, while it
is fixed by inserting the body of the needle electrode firmy into the

first and second nounting h F THE DISCL

10

20

The disclosed invention is an electric dust-collection uhit
including needle electrodes 27 for the purpose of charging
particulates within the air by causing corona discharges around
their tips 291, collector cells (collector electrodes) 40 arranged

in tubular shape corresponding to the needle electrodes 27 for the

-purpose of attracting and collecting the charged particulates by

means of static electricity, and deflecting electrodes 28 which
are arranged in such a way as to be inserted within the collector
cells 40 for the purpose of imparting a deflecting force on the
charged particles in the direction of the collector cells 40, the
deflecting electrodes 28 being configured in the form of a hollow
column including a forward plate section (301, 311) having a

mounting hole (ha, hb) for the purpose of fitting and retaining
the needle electrode 27, and side plate sections (302, 303, 312,
313) facing the collector cell at a prescribed distance, while the

needle electrodes 27 are fixed on to the forward plate sections

- (301, 302) of the deflecting electrodes 40 in such a way that their

tips protrude from the surface of the forward plate sections (301,
311), while their bodies 292 are inserted firmly in the mounting

hole (ha, hb).
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Furthernore, according to a third aspect of the present invention there is
provi ded an electric dust-collection unit conprisiing a plurality of needle
el ectrodes for the purpose of charging particulates within the air by
causi ng corona di scharges around their tips, a plurality of collector

el ectrodes arranged in tubul ar shape corresponding to the needl e el ectrodes
for the purpose of attracting and collecting the charged particul ates by
means of static electricity, and a plurality of deflecting el ectrodes which
are arranged in such a way as to be inserted within

FIG. 1
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the collector electrodes for the purpose of inparting a deflecting force on
the charged particles in the direction of the collector electrodes, wherein
the plurality of collector electrodes is arranged as a whole in a
rectangul ar lattice shape by causing pluralities of first and second fl at

pl ate el ectrode nenbers each having a plurality of notch slits at equal

di stances fromone another to interlock at the notch slits in such a way as
to intersect

FIG. 2
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wi th one another at right-angles, while each notch slit conprises a narrow
slit section which is the site of the interlocking, and a notch guide
section which acts as a guide into the slit section, there being fornmed at
| east on the edge between one end and the other of the slit section one or
nore thorns which cause the slit at that point to be narrower than the

t hi ckness of the flat plate el ectrode nenber. In the foregoing, it is
preferable that the narrowest points

FIG. 3
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where the thorns are present in the slit sections are approxi mately .3-20
pm narrower than the thickness of the flat plate el ectrode nenbers.
Moreover, in the foregoing, as a nethod of manufacturing the electric
dust-collection unit, the preferable node is one wherein in formng the
collection electrode, pluralities of the first and second flat plate

el ectrode nenbers are placed with the notch guide sections facing one

anot her where the notch slits correspond, and are caused to interlock at an
angl e of intersection of 100-175 in

FIG. 4 )
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such a way that they are assenbled as a whole in an oblique lattice shape, "
and then adjusted into a rectangle to forma |arge nunber of collector

el ectrodes arranged in a rectangular lattice shape. Furthernore, in the
above first, second and third aspects, the preferable node is one wherein
the electric dust-collection unit conprises a femal e (concave) sub-unit
havi ng a | arge nunber of the collector electrodes arranged in a lattice
shape, and a mal e (convex) sub-unit having a |arge nunber of needle and
defl ecting el ectrodes arranged in a one-to-one correspondence with the

FIG. 5 19
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collector electrodes, the femal e (concave) and nal e (convex) sub-units

being fitted together In such a way that they are Cade|e of —being attacned

and detached at will. The abovenentioned el ectric
unit to which the first, second and t rd aspects perta|
nmounting in air-cleaners fitted in

i

FIG. 6
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snoki ng-roons, offices and simlar |ocations, electric dust- collection
devices fitted in factories and other places where the air is filled with
oil-mst, devices for renoving exhaust snoke fitted in the exhaust passages
of diesel engines and el sewhere.” The first, second and third aspects of
this invention nake it possible to conbine the needle electrode and the
deflecting electrode with the use of inpact alone, and wi thout relying on
wel di ng, a fact which nmakes the operation both sinple and quick. This in
turn nakes it possible to reduce costs, and facilitates

FIG. 7
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mass- production and i nproved resi stance to mechanical and thermal shocks.
Moreover, the fact that nunmerous thorns are provided in the slit sections
of the collector cells nmeans that it is nore difficult for themto becone
di storted because the retention effect of these thorns cones into play. It
shoul d be added that the presence of nunerous thorns is no inpedinent to
sinplicity and does not hinder mass-production provided that the method of
manuf acture outlined in this exanple is foll owed. BRI EF DESCRI PTI ON OF THE

DRAW NGS

FIG. 8
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Fig. 1 serves to elucidate the nmethod of manufacture of the conposite
needl e and defl ecting el ectrodes which are incorporated into the electric
dust-collection unit (male sub-unit) for an air-cleaner which forns an
enbodi ment of the present invention: nore specifically, it is an oblique
vi ew whi ch shows step by step how one of a pair of folded plate el ectrode
menbers which constitutes a deflecting electrode is produced;

FIG. 9
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13 Fig. 2 is an oblique view which shows step by step—hew-the ather nenber
of the pair of folded plate el ectrode nenbers mhlch onstitutes a
deflecting el ectrode is produced; Fig. 3 is an enl afW ealgRq,iac art of
Figs. 1 and 2; Fig. 4 is an oblique view which deno Iy how a
pair of folded pl ate el ectrode nenbers is conbined t tlng

el ectrode;

FIG. 10. | i
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Fig. 5 also denonstrates typically how a deflecting el ectrode is forned,
(a) being an oblique view, and (b) a partial cross-section; Fig. 6
denonstrates typically how a pin nmenber is driven into a defl ecting

el ectrode in order to forma conposite needl e and deflecting electrode, (a)
bei ng an oblique view, and (b) a partlal Cross-sect mglshe&ms];eznk ld&d r at es

the structure of a conpleted conposite needl e and defjl I'I:I"Ilm m"ﬂmode (a)

bei ng an oblique view, and

FIG. 11
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(b) a partial cross-section; Fig. 8 serves to elucidate the nethod of

manuf acture of the collector cells which are incorporated into the electric
dust- collection unit (fenale sub-unit) for the air-cleaner which forns an
enbodi nent of the present invention: nore specifically, it is a top view
whi ch shows step by step how a cell electrode plate is produced; Fig. 9 is
a top view which illustrates the shape of a conpleted cell electrode plate;

FIG. 12

FIG. 13
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Fig. 10 is an enlarged drawing of part of Fig. 9; Fig. 11 denonstrates
typically how a set of cell electrode plates is conbined to form coll ector
cells; Fig. 12 al so denonstrates typically how collector cells are
formed; Fig. 13 also denonstrates typically how collector cells are

FIG. 14
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formed; Fig. 14 is an oblique view which illustrates the_external
appearance and structure of conpleted collector cells; Fig. 15 is an

enl arged oblique view of part of Fig. 14; Fig. 16 is a topmdﬂwtntggeb,,macea

illustrates a collector cell pertaining to a nodification o . \
enbodi nent; Fig. 17 is an oblique view which illustrates th :HHII#H‘P\\
cell; Fig. 18 is a drawing which illustrates another adapta il >
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t he sane enbodi nent;

Fig. 21 is a |ongitudinal
el ectric dust-collection unit which forns the principal
Fig. 22 is a |ongitudinal

air-cl eaner;

FIG. 16

Fi g.

19 is an oblique view show ng the external

appearance of an air-cleaner which operates by the needl e di scharge nethod;

Fig. 20 is a side view of the same air-cleaner which is partially cut away;
cross-section illustrating the structure of the

part of the sane

cross-section showing the electric
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dust-collection unit separated into sub-units; Fig. 23 is an oblique view
of the electric dust-collection seen fromthe front (the side from which
the air is sucked in); Fig. 24 is an enlarged oblique view of part of Fig.
23; Fig. 25 is an oblique view of the electric dust-collection seen from
the rear (the side on which the air is expelled); Fig. 26 is a notional
drawing which illustrates the action of the air-cleaner;

FIG. 17
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Fig. 27 is an oblique view which denonstrates typically the conventi onal
nmet hod of manufacture of conposite needl e and defl ecting el ectrodes; and
Fig. 28 is an oblique view which denonstrates typically the conventi onal
met hod of manufacture of collector cells, and the probleminherent therein.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

FIG. 18
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There follows a description of the preferred enbodi nent of the present

I nvention with reference to the drawings. Figs. 1-7 serve to elucidate the
nmet hod of manufacture of the conposite needl e and defl ecting el ectrodes
which are incorporated into the electric dust-collection unit (male
sub-unit) for an air-cleaner which forns an enbodi nent of the present

I nvention. More specifically, Fig. 1 is an oblique view which shows step by
step how one of a pair of folded plate el ectrode nenbers which constitutes
a deflecting electrode is produced; Fig. 2 is an

FIG. 19
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obl i que vi ew which shows step by step how the ot her nenber of the pair of
fol ded plate el ectrode nenbers which constitutes a deflecting electrode is
produced; Fig. 3 is an enlarged drawing of part of Figs. 1 and 2; Fig. 4 is
an oblique view which denonstrates typically how a pair of folded plate

el ectrode nenbers is conbined to forma deflecting electrode; Fig. 5 also
denonstrates typically how a deflecting electrode is forned, (a) being an
oblique view, and (b) a partial cross-section; Fig. 6 denonstrates
typically how a pin nenber is driven into a deflecting

FIG. 20
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el ectrode in order to forma conposite needl e and defl ecting el ectrode, (a)
bei ng an oblique view, and (b) a partial cross- section; and Fig. 7
illustrates the structure of a conpleted conposite needl e and defl ecting

el ectrode, (a) being an oblique view, and (b) a partial cross-section.
Meanwhi |l e, Figs. 8-15 serve to elucidate the nmethod of

FIG. 21
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manuf acture of the collector cells which are incorporated into the electric
dust-collection unit (fermale sub-unit) for the air- cleaner which fornms an
enbodi ment of the present invention. Mre specifically, Fig. 8 is a top

vi ew whi ch shows step by step how a cell electrode plate is produced; Fig.
9is atop viewwhich illustrates the shape of a conpleted cell electrode
plate; Fig. 10 is an enlarged drawi ng of part of Fig. 9; Fig. 11
denonstrates typically how a set of cell electrode plates is conbined to
formcollector cells; Fig. 12 also denonstrates typically how coll ector

FIG. 22
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13 al so denonstrates typically how collector cells

cells are forned; Fig.

and Fig. 15 is an
air-cl eaners of the

14. There are two points in which
The first is that it adopts a nethod of attaching

are fornmed; Fig. 14 is an oblique view which illustrates the external

appearance and structure of conpleted collector cells;

enl arged oblique view of part of Fig.
this air-cleaner differs greatly from conventiona

needl e di scharge type.

the needl e electrode to the deflecting el ectrode by driving a pin nmenber
into a pair of folded plate el ectrode nenbers instead of wel ding them

FIG. 23
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as hitherto. The second is that it provides tiny thorns in the notch slits
of the cell electrode plates as a neans of preventing the collector cells
from becom ng deforned. Apart fromthese two points, its nmechanismand the
principle by which it works are nore or less identical with those of the
prior art which have already been descri bed. Consequently, this enbodi nent
will either onit or

FIG. 24
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17 sinplify the description of those parts which are simlar in structure

to conventional ones, and concentrate on explaining the structure of the
conposite needl e and deflecting el ectrodes and of the collector cells, both
of which differ fromthe prior art. In particular, it will concentrate on
the met hod of their manufacture. There follows firstly a description of the.
conposite needl e and deflecting el ectrode and the nethod of its

manuf act ur e.

FIG. 25
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As Fig. 7 shows, this conposite needle and deflecting electrode 26 is the
sane as hitherto in that it is conposed of a needle el ectrode 27 and a

defl ecting el ectrode 28, which are conbined into a single structure. The
needl e el ectrode 27 consists of a pin nmenber 29 of stainless steel or a
simlar material and having a nickel-plated tip. The deflecting el ectrode
28 consists of a pair of folded plate el ectrode nenbers 30, 31 of stainless
steel or a simlar material. As the drawi ng al so shows, the forward plate
section 301 of one of the folded plate el ectrode nenbers 30

FIG. 26
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and the forward plate section 311 of the other fol ded plate el ectrode
menber 31 fit over each other to formthe deflecting el ectrode 28, while
each of the forward plate sections 301, 311 has a nmounting hole ha, hb for
affixing the pin nmenber 29, the nounting holes sharing the same axis. A
poi nt wherein the present invention differs greatly fromthe prior art is
the fact that a conposite el ectrode body consisting of the deflecting

el ectrode 28 and the needle electrode 27 is forned by inserting and fixing
t he common pin nenber 29 into both these nounting hol es ha, hb.

FIG. 27 9
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As is illustrated in Figs. 1 and 2, the folded plate el ectrode nenbers 30,
31 are noul ded and processed by arranging in a line a plurality of punching
tools (not shown in the drawi ng), each of . 18 which consists of a punch
and a die. Metal plates 32, 33 of, for instance, 0.5 mmthick stainless
steel are fed one after another

FIG. 28
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: _ :
“to these punching tools and punched into various shapes. Tﬁ@ﬁ*ﬁLéPE“r{‘E%é%EET.
30a, 3la whi,ch are obtained as a result of a conbination of pierci ng,
contour punching and notching are then subjected to bendinf in!cﬁ'dBJﬁt‘Bﬁ"
produce three-dinensional folded shapes, thus yielding a pjugality of
folded plate el ectrode nembers 30 (31) which are arranged [n a horizontal

“row along the | ength of a tonnecting supporting menber 19, {bei ng_connect ed
to one anot her EIRGTRIC. DUSTaCOBEECTIGN UNET AND ANRHOLEANINGr APPARATUS h of

t he fol ded
USING THE SAME

BACKGR F _THE INVENTION

F_il : he Invention

The present invention relates to an electric dust-collection
unit, and method of manufacture, together with an air-cleaner,
electric dust-collection device and exhaust smoke removal device

enploying that unit.
2. D iption he Prior

The increasingly air-tight construction of offices,
restaurants, technical installations, homes and other buildings
(hereinafter referred to representatively as ‘offices’) of recent
.ye.ars has not only meant that_ air contaminated with dust (suspended

' particulates) from cigarette smoke, toner, paper and other
.sources, foul odours and similar harmful substancés exercises a
detrimental effect on the health of persons working in the offlces,
but has led to a hJ.gh incidence of soiling of equipment and
machinery. _

The conventional' metnnd of dealing with this problem in
offices has been to install ventllatlon fans in places such as
smok:.ng—rooms where the contanu.natlon is obviously high, thus

expelling the contaminated air from the room. However,



plate el ectrode nenbers 30, 31 is fornmed into the shape of a valley with a
flat bottomand sides at right-angles to it, whereof the bottom section or
web- 302, 312 between the two sides or flanges 303, 313 is 5-6 cmin |ength.
The forward edge is also folded at right-angles to yield a forward pl ate
section 301, 311. The width of the flanges 303, 313 is roughly half that of
the web 302, 312, which is for instanceTabout 10 mm Thus the deflecting
el ectrode Zhiissmethowdsifferat Clrongtihd ediskgivantbge hehatorihes pengengtiteinges
303, 313 of one folded plate el ectrode nenber 30 and anot her fol ded

inside the room is affected by the temperature outside it,

resulting in a considerable deterioration in the efficiency of

heating and cooling. In order to ﬁaintain a constant temperature

within the room while at the same time purifying the air, not only

must the ventilation fan be operated continuously, but it is

necessary also to operate the air-conditioner to heat or cool as

required. This is undesirable because of the vast amounts of

- elect;icity which air-conditioners and veﬂtilation fans consume.

It is in these circumstances that electronic air-cleaners
employing electric dust-collection devices have come into their
own as being capable of operating with minimal ventilation, thus
eliminating the wastefulness of the air-conditioner and offering
considerable éavings in terms of the amount of electric power which
they consume.

An example of a conventional éir—cleaner of this sort is
illustrated in.Figs. 18 and 20. It is designed to be huﬁg on the
wall, and consists in the main of a suction member 3, whereby the
contaminated air 2 within a room is sucked in through the aperture
l{.a pre-filter 4, an electric dust-collection unit 5, a
deodorising filter 6 comprising activated carbon fibres, a
dust—colleétion member 7 wherein dust and odours are eliminated
from the air which passes through it, an expulsion member 9 fitted
with ibuvres throug@ which air 8 which has been purified in the
dust-collection member 7 is expelled from the room, and a power
supply member which is not shown in the drawing. The abovementioned
'.e_icpi:llsion member 9 is fitted with an electrically operated fan 10,

'whereby contaminated air 2 is sucked in through the aperture 1,

and after being purified in the dust-collection member 7, is
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air-cleaner is configured in-such a manner that the suction member
3 protrudes along the surface of the ceiling, thus making it
possible for the air within the room to circulate efficiently, as
a result of which it is purified instantly. The front plate of the
dust-collection member 7 comprises a door 11 which can be lowered
in order to allow the pre-filter 4, electric dust-collection unit
5 and deodorising filter 6 to be removed, cleaned and re-inserted
1o} that.they can be used time and time again.

With reference to Figs. 21-25 there now follows a detailed
description of the electric dust-collection unit 5, which forms
the most important part of the air-cleaner.

Fig. 21 is a longitudinal cross-section illustrating the
structure of the electric dust-collection unit; Fig. 22 is a
longitudinal cross-section showing the electric dust-collection
unit Séparated into sub-units; Fig. 23 is an oblique view of the
electric dust-collection seen from the front (the side from which
the air is sucked in); Fig. 24 is an enlarged oblique view of part
of Fig. 23; and Fig. 25 is an oblique view of the electric
dust?collection seen from the rear (the side on which the air is
expelled). As these drawings show, the abovementioned electric
dust-collection unit consists of needle electrodes 12 shéped like
gramophone needles, which form ionisation space areas, and
deflecﬁing electrodeé 13 shaped like rectangular columns
approximately 10 mm square and 5-6 cm in length, which support and
hold the needle electrodes 12 firm and from the leading surface
of which they protrude. The two together form composite needle and
deflecting electrodes 14, which are arranged vertically and

horizontally in the form of a lattice. The composite needle and
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deflecting electrodes 14 are arranged in such a mannezL_thar.-m.w-——w o e

coliector cells (electrodes which attract and collect dust and
other particulates by means of static electricity) 15 in the shape
of hollow rectangular tubes approximately 20 mm square and 5-6 cm
in length are inserted between each of them so as to create a
rectangular gap of approximately 5 mm around them, this acting as
a passage for the air. As Fig. 22 shows, the male sub-unit 16 and
the female sub-unit 17 can be separated in order to facilitate
cleaning.

The male sub-unit 16 has a box-~shaped frame (hereinafter
referred to. as the ‘outer box frame’) 18, to the lower surface of
which are joined by way of insulating plates 20 supporting members
19, which support a large number of composite needle and deflecting
electrodes 14 and are linked to one another so as to be
equipotential, the large number of composite needle and deflecting
electrodes 14 being arranged in lattice shape on the inside of the
outer box frame 18. The female sub-unit 17 also has a box-shaped
frame (hereinafter referred to as the ‘inner box frame’) 21, on
the inside of which are formed in a lattice shape a large number
~ of the collector cells 15. When the device is in operation, a high
voltage (5-6 kV) is -impressed from a high-voltage direct-current
power source not shown in the drawings so that the composite needle
and deflecting electrodes 14 and the collector cells 15 are
connected in such a manner that the former has positive and the
latter negative potential. As Figs. 23 and. 24 show, the outer box
frame 18 of the male sub-frame 16 and the inner box frame 21 of
the female sub-frame 17 fit into one another so that each of the
composite needle and deflecting electrodes 14 corres-ponds. in

arrangement to one of the collector cells 15, which is to say, so



forward plate sections 301, 311. Here it necessary for the
nmounting holes ha, hb to be greater than that of the tip 29
menber. 29 but somewhat snaller than that of the body sectia
as Figs. 5 and 6 show, the nmounting hole ha in the forward
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el ectrode 26 using thése

into a collector cell 15 without coming into contact with it.

Fig. 26 illustrates the action of the air-cleaner.

As will be seen from Fig. 26, when in the abovementioned
configuration a high direct-current voltage is applied to the
composite needle and deflecting electrodes 14, a sort of corona
discharge occurs around the tip of the needle electrodes 12. The
discharge is sustained and stable, and leads to the formation of
an ionisation space area 22. When thé contaminated air 2 sucked
into the suction member 3 by means of the electrically operated
fan 10 now passes through the ionisation space area 22, the oxygen,
being low in ionisation energy, undergoes electrolytic
dissociation into positive ions. These adhere to particulates 23
in cigarette smoke and other contaminants, which themselves
receive the electric charge of the positive ions. When the charged
parti’é:ulates 23 then pass through between the deflecting electrode
13 é.nd the collector cell 15, those which aré close to the collector
cell 15, which has a negative potential, adhere to it. Meanwhile,

those. particulates 23 which are at a distance from the collector

cgll 15 are repelled by the positive potential of the polar plate

of the deflecting electrode 13 in the direction of the collector
cell 15, to which they adhere. In this manner, it is possible to
implement effective dust collection from small particulates of
approx.imately 0.01 nm in diameter to relatively large oneé of
aroﬁnd 10 pm. |

As is shown in Fig. 27 (a), the needle electrodes 12lconsist
of a pin member 120 of stainless steel or a similar material with
a nickel-plated tip. Meanwhile, the deflecting electroaes 13

consist of pairs of plate electrode members 130 of stainless steel



fol ded plate el ectrode nmenbers 30, 31. In doing so, first of S
shown in Fig. 4, one folded plate el ectrode nmenber 30 is broygREPLAGEMENT SHEET
contact with another fol ded plate el ectrode menber 31 in suc wiety—t-hadt
t he open sides of the valleys face each other. Next, as Fig. {5 1 %aéﬁﬁ'§97
denonstrates, the correspondi ng edges ofg the flanges 303, 313 4re e
with each other, and the forward plate section 301 of the ong¢ feteeda—ptate
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of the other folded plate e ectro
two forwargith a flat bottom and sides at right-angles to it. These are placed

together, with their open sides facing each other and their
corresponding ends matching, so as to form a rectangular pillar
shape. Hitherto, as Fig. 27 (b) demonstrates, it has been common
practice when producing the composite needle and deflecting
electrodes 14 and after placing a pair of folded.blate electrode
members 130 on top of each other to form-a rectangular pillar, to.
fit the base of the pin member 120 against the joint on their leading
'edge, and secure the vicinity of the point of contact between the
pin member 120 and the two folded plate electrode members 130 with
silver solder 24, thus fashioning the deflecting electrode 13 and
integrating it with the pin electrode 12 at the same time. However,
it is normal to find some 100 composite needle and deflecting
electrodes mounted on one electric dust-collection unit 5, for
which reason the conventional method of production using silver
solder 24 requires a great deal of work and time to be expended
on it. Consequently, there has been a problem of cost-effectiveness
in that while air-cleaners of the needle discharge type pfesent
_the technical advantage of more powerful dust collection, there
has been no way of reducing costs and rendering mass-production
feasible.

On the other hand, the simpler configuration of lattice-
shaped collector cells 15 illustrated in Fig. 28, wherein a set
6f metal plates 150 (hereinaftef referred to as ‘cell electrode
plates’) of stainless steel or a similér material having numerous
equidistant'élit—shaped notches 25 (hereinafter referred to as
‘notch slits’) are successively interlocked at the notch slits 25

from above and below at right-angles, facilitates mass-production,
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pl ate sections 301, 311 are brought on top of each other wt fre—axes—ot
the nmounting holes ha, hb matching, as Fig. 6 shows, thus form nggthj@ﬂ 1997
deflecting electrode 28. The next step is to insert the pin marrberl 29
t hrough the overl appi ng nounting holes ha, hb fromthe inside o the
deflecting electrode 28, so that the tip; 291 protrudes fromjthe surface of

but is fraught with the problem that since the cell electrode plates
150 are thin, they are liable to become deformed as a result of
accidental external forces acting on them during manufacture or
transport, effective dust collection being reduced considerably
where such deformation (indicated on the drawing by the symbol A)

occurs.

SUMMARY OF THE INVENTION

With the foregoing in view, it is an object of the present invention
to provide an electric dust-collection unit which is not only
chéapér and capable of being mass-produced, but has excellent
properties of resistance to mechanical and thermal shocks and
further to provide a method of manufacturing same, together with
an air-cleaner, electric dust-collection device and exhaust smoke

" removal device employing that unit.

‘With the object of solving the abovementioned -’p_:‘:oblem,

" according to a first aspect of the present invention there is
provided an electric duét—collection unit comprising needle

. electrodes for the purpose of charging particulates \;vithin the air
by causing corona discharges around their tips, collector
electrodes arranged in tubular shape corresponding to the needle
electrodes for the purpose of attracting and collecting the charged
particulates by means of static electricity, and defle';':ting
electr.odes which are fa::'ranged in such a way as to be inserted within
the collector electrodes for the 'burpose of imparting a deflecting
force on the chargéd particles in the direction of the collector
electrodes, each of the deflecting electrodes being configured in
the form of a hollow column comprising a forward plate section

having é mounting hole for the purpose of fitting and retaining



20 the forward plate nenber 311. As has already been nentio
di aneter of the nounting holes ha, hb is greater than that
of the pin nmenber 29 but sonewhat smaller than that of the
292. Consequently, the body section 292 is halted by the no
hb and remains inside the deflecting el gctrode 28. Next, an
simlar inpacting device which is not Shown in the draw ngs
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electrode at a prescribed distance, and each of the needle
electrodes being fixed on to the forward plate section of one of
the deflectir;g electrodes in such a way that its tip protrudes from
the surface of the forward plate sections, while its body is
inserted firmly in the mounting hole.

In the foregoing, as a method of manufacturing the electric
dust-collection unit, the preferable mode is one wherein a mounting
hole having a diameter smaller than that of the body of the ﬁeedle
.electrode is created in advance in the forward plate section of
the deflecting electrode, after which in fitting and retaining the
needle electrode on to the forward plate section of the deflecting
electrode, the tip of the needle electrode is caused to protrude
from the surface of the forward plate section by driving the needle
electrode into the mounting hole in the forward plate section from
the hollow inside of the deflecting electrode, while it is fixed
by inserting the body of the needle electrode firmly into the
mounting hole. .

Moreover, according to a second aspect of the present

~invention there is provided an electric dust-collection unit
comprising ﬁeedle electrodes for the purpose of charging
particulates within the air by causing corona discharges around
their tips, collector electrodes arranged in tubular shape
correéponding to thg needle electrodes for the purpose of
attracting and colleéting the charged particulates by means of
static electricity, and deflecting electrodes which are arranged
in such a way as to be inserted. within the cqllector electrodes
for the purpose of imparting a deflecting force on the charged

particles in the direction of the collector electrodes, wherein
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form ng a conposite needle
member comprising a flrst forward plate section having a flrst

mounting hole for the purpose of fitting and retaining the needle
electrode and first side plate section facing the collector
electrode at a prescribed distance, and a second folded plate
electrode member comprising a second forward plate sectJ.on having
a second mounting hole for the purpose of fitting and retaining
the needle electrode and second side plate section facing the
collector electrode at a prescribed -distance are assembled in the
form of a hollow rectangular column, the first and second forward
plate sections being caused to overlap in such a way that the first
and second mounting holes share more or lees the same axis, while
each of the needle electrodes is fixed on to the first and second
forward plate sections of one of the deflecting elecﬁrodes in such
a way that its tip protrudes from the surface of the first and second
forward plate sections, while its body is -inserted firmly in the
first ahd second mounting holes.

In the foregoing, the preferable mode is one wherein the
first and second side plate sectiens are each folded and processed
in-such a way that their cross-sections are shaped like a vailey
with a flat bettom and sides at right-angies to it, the deflecting
electrodes configured in the shape of a hollow rectangular column.
being formed by assembiing these two side plate sections so as to
face each other. '

Moreover, in the foregoing, as a method of inanufacturing' the
electric dust-collection unit, the preferable mode is one wherein
the first and second mounting holes having a diameter smaller than'
that of the body of the needle electrode are created in advance

in the first and second forward plate sections of the deflecting



defl ecting el ectrode outlined above nmakes it possible to conb q”Hﬁﬁﬁﬁﬂﬁe§ﬁ§E
el ectrode 27 and the deflecting el ectrode 28 with the use off ijnpact one ?-
and wi thout relying on welding, a fact which nakes the operc";tlonif'iotjg‘i’zQ |
sinpl e and qui ck. There follows a description of the.collectjori_cells and

the method whereby they are produced. Asymay be seen from Fijg. 9, the
collector cells 40 are forned by dividing a prescribed nunber_af. _cell
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on to the deflecting electrode, the deflecting electrode is first
formed by assembling the firsﬁ and second folded plate electrode
members in the form of a hollow rectangular column and causing the
first and second forward plate sections to overlap in such a way
that the first and second mounting holes share more or less the
same axis, after which the tip of the needle electrode is caused
to protrude from the surface of the first and second forward plate
sections by driving the needle electrode into the mounting hole
in the first and second forward plate sections from the hollow
-inside of the deflecting elect'rode, while it is fixed by inserting
the body of the needle electrode firmly into the:first and second
mounting holes.

Furthermore, according to a third aspect of the present
invention there is provided an electric dust-collection unit
comprising a plurality of needle electrodes for the purpose of
charging particulates within the air by causing corona discharges
around their tips, a plurality of collector electrodes arranged
in tubular shape correSponding to the needle electrodes for the
purpose of attracting and collecting the charged particulates by
means of static electricity, and a plurality of deflecting
electrodes which are arranged in such a way as to be inserted within
the collector electrodes for the purpose of imparting a deflecting
force 6n the charged:particles in the direction of the collector
electrodes, wherein the pluraliﬁy of collector electrodes is
arranged as a whole in a rectangular lattice shape by causing
pluralities of first and second flat plate electrode members each
having a plurality of notch slits at equal distances from one

another to interlock at the notch slits in such a way as to intersect



Gl, &, and interlocking at the notch slits 41 a plurality of BEPLACEMENT SHE?{- ‘
el ectrode plates 42 of the vertically aligned group GL with 3§ ijurallty of :

cell electrode plates 42 of the horizontally aligned 21 grioup {B. JUhe1897
fact that the collector cells 40 are configured in the shape jof{a lattice
Is the sane as in the prior art. Wat i_f_l_

with one another at right-angles, while each notch slit comprises
a narrow slit section which is the site of the interlocking, and
a notch guide section which acts as a guide into the slit section,
there being formed at least on the edge between one end and the
other of the slit section one or more thorns which cause the slit
at that point to be narrower than the thickness of the flat plate
electrode member.

In the foregoing, it is preferable that the narrowest points
where the thorns are present in the slit sections are approximately
.3-20 pm narrower than the thickness of the flat plate electrode
members.

Moreover, in the foregoing, as a method of manufacturing the
electric dust-collection unit, the preferable mode is one wherein
in forming the collection electr._'qde, pluralities of the first and
second flat plate electrode members are placed with the notch guide
secti'dns. facing one another where the notch slits correspond, and
are caused to interlock at an angle of intersection of 100-175 in
such a way that they are assembled as a whole in an oblique lattice
shape, and then adjusted into a rectangle to form a large number
of collector electrodes arranged in a rectangular lattice shape.

Furthermore, in the above first, second and third aspects,
the preferable mode is one wherein the ‘electric dust-collection
unit comprises a female (concave) sub-unit having a large number
of the.collector' elec.trodes arranged in a lattice shape, aﬁd amale
(convex) sub-unit having a_large' number of needle and deflecting
electrodes arranged in a one-to-one correspondence with the
collector electrodes, the female (concave) and male (convex)
sub-units being fitted together in such a way that they are capable

of being attached and detached at will. The abovementioned electric



different, as Fig. 10 shows, is the provision of a plurality_of.. Li&t-Rernrs—
T on the edges of each notch slit 41. Moreover, as a result;gb EhﬁﬁENT ¢HEET
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the cell electrode plates 42 differs fromthe conventi onal
el ectrode plates 42 are noul ded and proggssed by arranging
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¥ T“%e’* 17 l

..ah n || \.all

u‘aeaé‘ﬁe@&é"t es 43

consi sts Qfysd- %@E%ct?n{ﬂ% Andkero Mhilh thd YatEa! abddadthtd &

of, for instance

pertain is suitable for mounting in air-cleaners fitted in

smoking-rooms, offices and similar locations, electr

ic dust-

collection devices fitted in factories and other places where the

air is filled with oil-mist, devices for removing exhaust smoke

fitted in the exhaust passages of diesel engines and

elsewhere.

The first, second and third aspects of this invention make

it possible to combine the needle electrode and the deflecting

‘electrode with the use of impact alone, and without

relying on

welding, a fact which makes the operation both simple and quick.

This in turn makes it possible to reduce costs, and

mass-production and improved resistance to mechanical

facilitates

and thermal

 shocks. Moreover, the fact that numerous thorns are provided in

the slit sections of the collector cells means that

it is more

c_iifficult for them to become distorted because the retention effect

of these thorns comes into play. It should be added that the

presence of numerous thorns is no impediment to simplicity and does

not hinder mass-production provided that the method of manufacture

outlined in this example is followed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig._ 1 serves to elucidate the method of manufacture of the

composite needlé and_deflecting electrodes which are incorporated

into the electric dust-collection unit (male sub-unit) for an

air-cleaner which forms an embodiment of the present

more specifically, it is an oblique view which shows s

invention:

tep by step

how one of a pair of folded plate electrode members which

constitutes a deflecting electrode is produced;
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punched into various shapes. As a result of a conbination of (di€rc

cont our punchi ng and
in Fig. 9 is forned,

are fed one after another to these punchi ﬁémrpo(&ﬁf‘%ﬁ“” gHEET

notching, the cell electrode plate 42 as |Ilut@rébéhti7
having along its length a plurality of ndtch_slits 41

with thorns T and a plurality of rEta'_LFQ hol es P arranged at} a pitch
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whi ch corresponds to the width of the
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holes with the cross-sectional shape of a short slit (for instance

other member of the pair of folded plate electrode members which
constitutes a deflecting electrode is produced;

Fig. 3 is an enlarged drawing of part of Figs. 1 and 2;

Fig. 4 is an oblique view which demonstrates typically how
a pair of folded plate electrode members is combined to form a
deflectlng electrode;

Fig. 5 also demonstrates typlcally how a deflectlng
electrode is formed, (a) being an oblique view, and (b) a partial
cross-section;

Fig. 6 demonstrates typically how a pin member is driven into
a deflecting electrode in order to form a composite needle and -
deflecting electrode, (a) being an oblique view, and (b) a partial
cross-section;

Fig. 7 illustrates the structure of a completed composite
needlé and deflecting electrode, (a) being an oblique view, and
- (b) a partial cross-section;

Fig. 8 serves to elucidate the method of'manufactufe of the
collgctor cells which are incorporated into the electric dust-
' ~collection unit (female sub-unit) for the air¥cleaner which forms
an embodiment of the presenf invention: more specifically, it is
a top view which shows step by step how a cell electrode plate is
' produced;

fig. 9 is a top view which illustrates the shape of a
completed cell eleétrode plate;

Fig: 10 is an enlarged drawiﬁg of part of Fig. 9;

Fig. 11 demqnstrates typically how a set of cell electrode

plates is combined to form collector cells;
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at both ends), and one punch die for punching notches wth the : b
cross-sectional shape of a wedge are prepared. The punch die oﬂquu@hmﬁg
hol es are arranged two each in a straight |line separated fro
by a prescribed distance (roughly the Isgngth of one approxi

ne_anot her

short slit S), and alternately in two rows front and rear. Tpe . shorti slits
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formed;

Fig. 13 also demonstrates typically how collector cells are
formed;

Fig. 14 is an oblique view which illustrates the external
appearance and structure of completed collector cells;

. Fig. 15 is an enlarged oblique view of part of Fig. 14;

Fig. 16 is a top view which illustrates a collector cell
pertaining to a modification of the same embodiment;

Fig. 17 is an oblique view which illustrates the same
collector cell;

Fig. 18 is a drawing which illustrates another adaptation of
the same embodiment;

Fig. 19 is an oblique view showing the external appearance
of an air-cleaner which operates by the needle discharge method; 

Fig. 20 is a side view of the same air-cleaner which is
partially cut away;

Fig. 21 is a longitudinal cross-section illustrating the
sfructure of the electric dust-collection unit which forms the

* principal part of the same air-cleaner;

Fig. 22 is a longltudlnal.cross-sectlon.show1ng the electric
dust-collection unit separated 1nto sub-units;
Fig. 23 is an oblique view of the electric dust-collection seen
from tﬁe front (the side from which the air is sucked_in);

Fig. 24 is an enlarged obiique view of part of Fig. 23;

Fig. 25 is an oblique view of the electric dust-collection
seen from the rear (the side on which the air is expelled);

Fig. 26 is a notional drawing which illustrates the action

of the air-cleaner;
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22 die for punching notches is used to punch out the shap iso$c
triangle in the strip of the netal plate 43 between its upper|edge

, . a$
illustrated in the drawing, and the upper end of the long sli{ LS| Y é‘éﬁégw

illustrated in the drawing. It should be pointed out that in ¢rder.ta

create the thorns on both sides 15

: Fig. 27 is an oblique view which demonstrates typically the
conventional method of manufacture of composite needle and
deflecting electrodes; and

Fig. 28 is an oblique view which demonstrates typically the
conventional. method of manufacture of collector cells, and the
problem inherent therein.

DETAILED DESCRIPTION THE PRE D DIMENT.

There follows a description of the preferred embodiment of
the present invention with reference to the drawings.

Figs. 1-7 serve to elucidate the method of manufacture of the
composite needle and deflecting electrodes which are incorporated
into the electric dust-collection unit (male sub-unit) for an
air-cleaner which forms an embodiment of the present invention.
More Specifically, Fig. 1 is an oblique vie‘;v thch shows- step by
step how one of a pair of folded plate electrode members which
constitutes a deflecting electrode is produced; Fig. 2 is an
oblique view which shows s#ep by step how the other member of the
,paii: of folded plate electrode members which constitutes a
deflecting electrode is produced; Fig. 3 is an enlarged drawing

| of part of Figs. 1 and 2; Fig. 4 is an oblique view which |
demonstrates typically how a pair of folded plate electrode members
is com.bined to form a deflecting electrode; Fig. 5 also
demonstrates i:ypically how a defiecting electrode is formed, (a)
being an oblique view, and (b) a partial cross-section; Fig. 6
demonstrates typically how a pin member is driven into a deflecting
electrode in order to form a composite needle and defleéting

electrode, (a) being an oblique view, and (b) a partial cross-



of the notch slits 41 it is inportant to ensure that the sh 1&5%#%%-?15’5“%%%&5(

of the short slits S, which is the cross-sectional shape of |t &g punch di es
for punching holes, is rounded (sem -circular or oblong) orjtapdr$® JiN4997
triangle: a square end section will fail to produce the thofng T. In other

words, each of the punch dies for punchipg holes forns a short slit S,
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composite needle and deflecting electrode, (a) being an oblique
view, and (b) a partial cross-section.

Meanwhile, Figs. 8-15 serve to elucidate the method of
manufacture of the collector cells which are incorporated into the
electric dust-collection unit (female sub-unit) for the air-
cleaner which forms an embodiment of the present invention. More
specifically, Fig. 8 is a top view which shows step by step how
a cell electrode plate is produced; Fig. 9 is a top view which
illustrates the shape of a completed céll electrode plate; Fig.
10 is an enlarged drawing of part of Fig. é; Fig. 11 demonstrates
typically how a set of cell electrode plates is combined to form .
collector cells; Fig. 12 also demonstrates typically how collector
cells are formed; Fig. 13 also demonstrates typically how collector
cells are formed; Fig. 14 is an obliqué .view which illustrates the
external appearance and structure of completed collector cells;
and Fig. 15 is an enlarged oblique view of part of Fig. 14. |

There are two points in which this air-cleaner differs
greatly from conventional air-cleaners of the needle discharge
_type. The first is that it adopts a method of attaching the needle
electrode to the deflécting e_lectrode by driving a pin member into
a pair of folded plate electrode members i:nstead of welding them
as hitherto. The second is-that it provides tiny thorns in the notch
slits .of the cell el_ectrode plates as a means of preventing the
collector cells from becoming déformed. Apart from these two
‘points, its mechanism and the principle by which it works are more
or less identical with those of the prior art which have already

been described. Consequently, this embodiment will either omit or
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structure to conventional ones, and concentrate on explaining the

structure of the composite needle and deflecting electrodes and
of the collector cells, both of which differ from the prior art.
In particular, it will concentrate on the method of their
manufacture. h
There follows fir;stly a description of the composite needle
and deflecting electrode and the method of its manufacture.
As Fig. 7 shows, this composite needle and deflecting
electrode 26 is the same as hitherto in that it is composed of a
- needle electrode 27 and a deflecting electrode 28, which are
combined into a single structure. The needle electrode 27 consists
of a pin member 29 of stainless steel or a similar material and
having a nickei-plated tip. The.deflecting electrode 28 consists
of a pair of folded plate el_ectrode members 30, 31 of stainless
steel or a similar material. As the drawing also shows, the forward
plate section 301 of one of the folded plate electrode members 30
and the forward plate section 311 of the othér folded plate
electrode member 31 fit over each other to form the deflecting
_eléctrqde 28, while each of the forward plate sections 301, 311
has a mounting hole ha, hb for affixing the pin member 29, the
mounting holes sharing the same axis. A point wherein the present
invention differs greatly from the pripr art is the fact that a
composite electrode body consisting of the deflecting electrode
28 and the needle electrode 27 ié formed by inserting and fixing
the common pin membef 29 into both these mounting holes ha, hb.
As is illustrated in Figs. 1 and 2, the folded plate electrode
members 30, 31 are moulded and processed by arranging in a line

a plurality of punching tools (not shown in the drawing), each of
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| sosceles triangle, overlaps with the end of the long slit LS. {Thos—there .
are four narrowest points in this exanple where thorns T are fdgr d1 thde 1397
di mrension of the notch slit 41 at its narrowest point should prleferably be
about 3-20 pmless than the thickness of the cell electrode plagte a2 (To0r
instance 0.3 mm. For the sake of conveny ence when assenbling tjhe coll ector
cells 40, the total : - -

which consists of a punch and a die. Metal plates 32, 33 of, for

instance, 0.5 mm-thick stéinlgss steel are fed one after another
to these punching tools and punched into various shapes. The flat
members 30a, 3la which are obtained as a result of a coﬁlbination
of piercing, contour punching and notching are then subjected to
bending in order to produce three-dimensional folded shapes, thus
yielding a plurality of folded plate electrode members 30 (31)

" which are arranged.in a horizontal row along the length of a
connecting supporting member 19, being connected to one another
thereby.

A‘s a result of the abovementioned process éach of the folded

| plate electrode members 30, 31 is formed into the shape of a valley
with a flat bottom and sides at right-angles to it, whereof the
bottom section or web 3.02, 312 between the two sides or flanges
303, 313 is 5-6 cm in length. The forward edge is also folded at
right-angles to vield a forward plate section 301, 311. The width

- of the flanges 303, 313 is roughly half that of the web 302, 312,
which is for instance about 10 mm. Thus the deflecting electrode
28 is formed by matching the edges of the corresponding flanges

303, 313 of one folded plate electrode member 30 and anothér folded
plate electrode member 31. It should be added that since during
the prbcess of forming the deflecting electrode 28 the forward
plate sections. 301, 311 are laid on top of each other in such a
way th;’at the forward plate section 301 of one folded plate electrode
member 30 comes inside, while thé forward plate section 311 of the
other folded plate electrode member 31 goes outside, the length
of the one folded plate electrode member 30 is made shorter than
that of the other folded plate electrode member by the thickness

of the plate t (for instance 5 mm).
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el ectrode plate. As is also shown in Fig. 8, the retaining hol es gr@w
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drawing to0 the egMdm19hneaGH HEALE] Rch side of forward plate sections

301, 311 is made roughly twice the dimension of the width of flanges

(o))

303, 313 (for instance about 10 mm) . As has already been explained,
mounting holes ha, hb of, for instance, about 1-3 mm in diameter
for affixing the pin member 29 are opened in the centre of the
forward plate sections 301, 311. Here it necessary_ for the diameter
of the mou;xting holes ha, hb to be greater than that of the tip
291 of the pin member 29 but somewhat smaller than that of the body
section 292. Moreover, as Figs. 5 and 6 show, the mounting hole
ha in the forward plate section 301 of the one folded plate
electrode member 30 is sunk inwards, while the mounting hole hb
in the forward plate section 311 of the other folded plate electrode
member 31 is sunk outwards.

The composite needle and deflecting electrode 26 using these
folded plate electrode members 30, 31. In doing so, first of all,
as is shown in Fig. 4, one folded plate electrode member 30 is
brought into contact with another folded plate electrode member
31 in such a way that the open sides of the valleys face each other..
Next, as Fig. 5 demonstrates, the corresponding edges of the
flanges 303, 313 are matched with each other, and the forward plate
section 301 of the one folded plate electrode member 30 is placed
inside, thle the forward plate section 311 of the other folded

. blate electrode member 31 is placed outside. Then the two forward
plate sections 301, 311 are brought on tep of each other with the
axes of the mounting holes ha, hb matching, as Fig. 6 shows, thus

- forming the deflecting electrode 28.

The next step is to insert the pin member 29 through the

overlapping mounting holes ha, hb from the inside of the deflecting

electrode 28, so that the tip 291 protrudes from the surface of
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hole P is roughly the sanme as the distance fromthe upper edge ekl bpopr
el ectrode pl a'?e ZZ as illustrated in the drawing to the firs Bﬁ%‘l‘%&“ﬁ -
Using a | arge nunber of cell electrode plates 42 which have kegn for g N
this way, a large nunber of collector cells 40 is assenbl ed. {Fqdr ‘tﬁ! Ul
purpose first, as Fig. 11 shows, a plurghity of collector celjl§ 40 is
divided into two groups GlL, & for vertrTcal and horizontal alli gnnent

respectiv . «Next, ag may be se fromFigs, 12 and 13, theicell electrode
pl at es 42%}% Fqi,lgﬂé\t,r‘é:]. Pﬁ'é&?l er %ril As has already been mentioned, the

diameter of the mounting holes ha, hb is greater than that of the

_ tip 291 of the pin member 29 but somewhat smaller than that of the
body section 292. Consequently, the body section 292 is halted by
the mounting holes ha, hb and remains inside the deflecting
electrode 28. Next, an air hammer or similar impacting device which
is not shown in the drawings is used to drive the thicker body
section 292 of the pin member 29 from behind into the mounting holes
ha, hb. The mounting holes ha, hb undergo elastic deformation as
a result of the introduction of the body section 292, and the
restitutive force and high degree of frietional force which are
generated as a result fix the body- section 292 of the pin member
29 firmly in the mounting holes ha, hb. Meanwhile, the one folded
plate electrode member 30 and the other folded plate electrode
mem}_:oer 31 are also linked firmly by means of the pin member 29,
thus eompleting the deflecting electrode 28.

In this way the method of forming a composite needle and
deflecting electrode outlined above makes it possible to combine
the needle electrode 27 and the deflecting electrode 28 with the
use of impa;::t alone, and withoui: relying on welding, a fact which
makes the operation-both simple and quick.

There follows a description of the collector cells and the
method whereby they are produced. .

Ae may be seen from Fig. 9, ’;he collector cells 40 are formed

- by dividing a pr."escribed number of cell electrode plates 42
provided with numerous equidistant notch slits 41 into two groups
Gl, G2, and iriterlocking at the notch slits 41 a plurality of cell
electrode plates' 42 of the vertically aligned group Gl with a
plurality of cell electrode plates 42 of the horizontally aligned




aligned group Gl are interlocked with the cell electrode (l HEBSAGEMENT SHEET
hori zontally aligned group & at an angle of 100-175 (Fig. =SHows—ah
exanpl e of an angle of 100, Fig. 13 of 175), and then adj ystie g_n'ggﬁaigg?
rectangle to forma large nunber of collector cells 40 arfariged™in a
rectangul ar lattice shape as in Fig. 14y1Wat is inportant FETstie—fadt
that in this exanple there are nunerous thorns T in the ngtch slits 41.
Wier e t heggouRoes Theafectt thatnitiehcolledkomnicell lss4@ane coi i

the thickness of the cell electrode plates 42, so that if initially the
cel | the shape of a lattice is the same as in the prior art. What is

different, as Fig. 10 shows, is the provision of a plurality of
tiny thorns T on the edges of each notch slit 41. Moreover, as a
result of the'lprovision of these thorns T, as explained below, the
method of interlocking the cell electrode plates 42 differs from
-the conventional one.

| The cell electrode plates 42 are moulded and processed by
arranging in a line a plurality of punching tools (not shown in

~ the drawing), each of which consists of a punch and a die. As is

lillustrated in Fig. 8, metal plates 43 of,_ for instance, 3 mm-
thick stainless steel are fed one after another to these punching
tools and punched into various shapes. As a result of a combination -
of piercing, contour punching and notching, the cell electrode
plate 42 as illustrated in Fig. 9 is formed, having along its length
a plui'ality of notch slits 41 with thorns T and a plurality of
retaining holes P arranged at a pitch which corresponds to the width
of the collector cells 40 (for instance about 20 mm). |

In forming the notch slit 41, four punch dies for punching
holes with thé cross-sectional shape of a short slit (for instance
a .short slit S approximately 7 mm long, approximately 1 mm wide
and rounded at both ends), and one punch die 'for punchirig notches
with the cross-sectional shape of a wedge are prepared. The punch
dies fér punching hoJ:es are arranged two each in a straight line .
separated from one another by a prescribed distance (roughly the
length of one approximately 7 mm~long short slit S), and
alternately in two rows front and-rear. The short slits S made by
the four punch dies in the metal plate 43 are then combined as

illustrated in Fig. 8 to form a long slit LS, after which the punch
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slits will not yield | engthwi se. However, if the 24 two gy oup _ofig:c;_;_elﬁ_fli
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angl e of 100-175 to each other as 22

die for punching notches is used to punch ocut the shap f an

isosceles triangle in the strip of the metal plate 43 between its
upper edge, as illustrated in the drawing, and the upper end of
the long slit LS, also as illustrated in the drawing. It should
be pointed out that in order to create the thorns on both sides
of the notch slits 41 it is important to ensure that the shape of
the ends of the short slits S, which is the cross-sectional shape
of thé punch dies for punching holes, is rpunded (semi-circular
or oblong) or ta;pers like a triangle: a square end section will
fail to produce the thorns T.

' In other words, each of .the punch dies for punching holes
forms a short slit S, which is for instance approximately 7 mm long,
approximately 1 mm wide and rounded at both ends as in Fig. 8. Four
of these short slits S§ arranged in a straight line with their
rounded ends overlapping form the long slit LS. Ihe thorns T are
formed in pairs by the fact that a thorn-shaped section remains
uncut at both ends of each short slit S because the rounded end
of one short sl.it and that of the next one overlap in opposite
directions to each other (and consequently the rounded ends overlap
only partially). Thus a facing pair of thorns T is created at the
pbints where the notch slit 41 is narrowest (for instance 0.295
pm) . Moreover, a further pair of facing thorns is created whefe
the head of the guide notch D, which is shaped in the form of an
isosceies triaﬁgle, overlaps with the end of the long slit LS. Thus,
there are four narrowest points in this example where thc_:rns T are
formed. The dimension of the notch slit 41 at its narrowest point
should preferably be about 3-20 ym less than the thickness of the
cell electrode plate 42 (for instance 0.3 mm).. For the sake of

convenience when assembling the collector cells 40, the total
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As is also shown in Fig. 8, the retaiﬂing'holes P are punched
out at the same time aé the long slits LS are created, and are
located one éach along the lower edge of the metal plate 43 as
illustrated in the drawing on a line extending from the long slits
LS. The distance from the lower edge of the cell electrode plate
42 aé illustrated in the drawing to thé centre of each retaining
' hqlg P is roughly the same as the distance from the upper edge of
the cell electrode plate 42 as illustrated in the drawing to the
first thorn T. |

Using a large number of cell electrode plates 42 which have

been formed in this way, a large number of collector cells 40 is
assembled. For this purpose first, as Fig. 11 shows, a plurality

of collector cells 40 is divided into two groups G1, G2 for vertical

and horizontal alignment respectively. Next, as may be seen from

Figs. 12 and 13, the cell electrode plates 42 of the vertically
aligned group Gl are interlocked with the cell electrode plates
42 of the horizontally aligned group G2 at an angle of 100-175 (Figqg.
12 shows an example of an angle of 100 , Fig. 13 6f 175 ), and then
adjusted into a rectangle to form a large number of collector cells
40 arranged in a réctangular-lattice shape as in Fig. 14.

What is important heré is the fact. that in this exampie there
aré nuﬁerous thorns T in the notch slits 41. Where these thorns
T are, the width of the slit is about 3-20 um less than the thickness

of the cell electrode plates 42, so that if initially the cell

electrode plates 42 intersect at right-angles, it is impossible .

to make them interlock however much force is applied verEically

because the notch slits will not yield lengthwise. However, if the



not only are there thorns T in the notch slits 41 where the heads of the
gui de notches D and the semcircular ends of the long slits LS overlap, but
there are nunerous thorns T inside the long slits LS also, so that the
retention effect of the thorns T cones into play. In other words, their
resi stance to shock is inproved. In thiggway the configuration of this
enbodi nent nakes it possible_to conbiné the needl e el ectrode 27 and the
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described above, the thorns T easily yield perpendicularly to the
surface of the cell electrode plates 42, and can be made to
interlock si—mply without the need for any great pressure. Once they
have interlocked, it is an easy matter to adjust them so that they
intersect at right-angles because the thorns T easily yield
perpéndicularly to the surface of the cell electrode plates 42.

Thus, configuring the collector cells 40 according to this
example means that it is more difficult for them to become distorted °
as a result of accidental external forces because, as Fig. 15 shows,
not only are there thorns T in the notch slits 41 where the heads
of the guide notches D and the semicircular ends of the long slits
LS overlap, but there are numerous thorns T inside the long slits
LS also, so that the retention effect of the thorns T comes into
play. In other words, their resistance to shock is improved.

In this way the configuration of this embodiment makes it
possible to combine the needle electrode 27 and the deflecting
electrode 28 with-the use of impact alone, and without relying on
welding, a fact which makes the operation both simple and quick.
Tﬂis in turn makes it possible to reduce costs and facilitates
mass-prodﬁction. Moreover, the fact that numerous thorns are
provided in the slit sections of the collector cells means that
it is ﬁore difficult.for them to becqme distorted because the
retention effect of these thorns comes into play. It should be added
that the presence of numerous thorns is no impediment to simplicity
and does not hinder mass-production provided that the method of

manufacture outlined in this example is followed.
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for themto becone distorted because the retention effect of fhesethorfas—
cones into play. It should be added th the presence of nungrous thorns is

no i npedinent to sinplicity and does hi nder mass- producti on provided
that the nethodhef aivawafiach detailield descriptionsot xamenbodimént lafivehe

presént invention with reference to the drawings.

However, the configuration is not restricted to this embodinent,
and the invention may be taken to include modifications of design
so long as théy do not deviate from the purport of the invention.
For example, it is possible to alter the shapes and numbers of the
needle electrodes, collector cells, notch slits and thorns.

Moreover, the above embodiment employs deflecti_ng electrodes
configured from folded plate electrode members 30, 31 in the shape

- of a valley with a flat bottom and sides at right-angles to it,
" but is not restricted to these. For instance, angle-type folded
plate electrode members 50, 51 as illustrated in Figs. 16 and 17
may be used. Furthermore, the plate electrode members which form
the deflecting electrodes are not restricted to folded plates, but
may also be flat or curved plates, and one set need not employ only
two members, but may also employ three or more.

In addition, the above embodiment describes the electric
dust-collection unit to which the present invention pertains as
mounted in an air-cleaner for office use, but it is not restricted
to.this, and may also be mounted, for instanée, in electric
dust-collection devices installed in faétories and other places
which are contaminated with oil-mist. What is more, as Fig. 18
dEmonstrates, it may also be mounted as electric dust-collection
units él to an exhaust smoke removal gevice fitted to the engine
exhaust passage of a diesel vehicle 65 in order to.collect carbon

particulates (smoke) within the exhauét 64.
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What is claimed is:

1. Ah electric dust-collection unit,
comprising:

a needle electrode having a tip and a body and
constructed to charge particulates within the air by creating
corona discharges around said tip:;

a cdllector electrode arranged in a tubular shape so as
to correspond to said needle electrode and.cbnstructed to attract
and collect the charged particulates by means of static
electricity; and, '

. @ deflecting electrode inserted within said collector
electrode for imparting to the charged particulates a deflecting

- force of moving towards said collectdr electrode, wherein said
deflecting electrode is conflgured in the form of a hollow column
comprising a forward plate sectlon having a mountlng hole for
fixedly securing said needle electrode and a side plate section
faciﬁg said collector electrode in a spaced relation thereto; and

‘wherein said needle electrode is fixed on to said forward plate
section of said deflecting electrode in such a-way that said tip
protrudes from a surface-of said forward plate section, while said

body thereof is intimately fitted in said hole.

2. A method of maﬁufacturing said electric dust-
collection unit according to Claim 1, éomprising the steps of:
forming said mounting hole having a diameter smaller than

that of said body of said needle electrode in advance in said

IS SHEET HAS BEEN |
REPLACED ,
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sides at right-angles to it But is not restricted to these.; Fpr "instance,

angl e-type folded plate el ectrode nenbgrs 50, 51 as illustrafed&Ti Figs. 16'
and 17 may be used. Furthernore, the Iate el ectrode nenbersjwhich formthe
def | ect i fprasd: phats seatins ofesaid deflecsing| Gb%Ffp‘fQQeesa T%Iso be

flat or curved plates, and one set need not e Xé)
securlng said needle electrode to said £ rw r plate section of

said deflecting electrode, by driving said needle electrode into
said mounting hole in said forward plate section from the hollow
inside of said deflecting electrode to cause said needle electrode
to protrude from the surface of said forwérd plate section, and
by intimately fitting said body of said needle electrode into said

mounting hole to secure the same.

3. An electric dust-collection unit,
comprising:

a4 needle electrode having a tip and a body and
constructeti to charge 'particulates within the air by creating
corona discharges around said tip; |

~ a collector electrode arranged in a tubular shape so as
to correspond to said needle electrode and constructed to attract
and collect the charged particulates by means of static
electricity; and,

a deflecting electrode inserted within said collector
ele_ctrdde for imparting to the charged particulates a deflecting
fotce of moving towards said collector electrode, wherein said
deflecting electrode comprises a first folded plate electrode
member including a first forward plate section having a first
mountiﬁg hole for fixedly securing sai'q needle electrode and first
side plate section facing said-co_llector electrode in a spaced.
relation thereto, and a second folded' plate electrode member
including a seeond forward plate section havin§ a second mounting
hole for fixedly securing said needle electrode and second side

plate section facing said collector electrode in a spaced relation
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renoval device fitted to the engine
of a hollow rectangular column, said first and second forward plate

sections being caused to overlap in such a way that said first and
second mounting holes share more or less the same axis; and said
needle electrodes is fixed on to said first and second forward plate
sections of said deflecting electrode in such a way that said tip
protrudes from surfaces of said first and second forward plate
sections, while said body thereof is intimately fitted in said

first and second mounting holes.

4. An electric dust-collection unit according to Claim 3,
wherein each of said first and second side plate sections has a
chanﬁel-shaped cross-section, said deflecting electrodes
configured in the shape of a hollow rectangular column being formed
by assembling said first and second side plate sections so as to

face each other.

5. A method of manufacturing the electric dust-collection
_unit according to Claim 3 or 4, comprising the steps of:

forming said first and second mounting holes having a
'di;ameter smaller than that of said body of said needle electrode
in advance in said first and second forward plate sections of said
deflecting eleetrode; and fixedly securing said needle electrode
on to eaid deflecﬁing electrode, saiq fixedly securing step
comprising forming said deflecting electrode by assembling said
first and second folded plate electfode members in the form of a
hollow rectangular column and causing said first and second forward
plate sections to overlap in such a way that said first and second .

mounting holes share more or less the same axis, and driving said
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needle electrode into said first and second mounting holes in said
firsE and second forward plate sections from the hollow inside of
said deflecting electrode to cause said tip of said needle
electrode to protrude from surfaces of said first and second
forward plate' sections, and to fit intimately said body of said

needle electrode into said first and second mounting holes.

6. An electric dust-collection unit,
comprising:

a plurality of needle electrode_s having a tip and a
body and constructed to charge particulates within the air by
creating' corona discharges around said tip;

a plurality of collector electrodes arranged in a tubular
shape so as to correspond to said needle electrodes and constructed
~ to attract and collect the charged particulates by means of static

electricity; and,

a plurality of deflecting electrodes each configured in the

form of a column and inserted within said collector electrodes for
imparting to the charged particulates a deflecting force of moving
towards said collector electrodes, whe_rein said collector

electrodes are arranged é.s a whole in a rectangular la;tice shape

by causing pluralities of first and second flat plate electrod_e

members each having a plurality of notch slits at equal distances.

from one another to i_nterlock at said notch slits in such a way -

as to intersect with one another at right-angles; and each notch

slit comprises a narrow slit section which is the site of said '

interlocking, and a notch guide section which acts as a guide into
said slit section, there being formed at least on the edge between

one end and the other of said slit section one or more thorns which
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7. An electric dust-collection unit according to Claim 6,

wherein the narrowest points where said thorns are present in said

slit sections are approximately 3-20 pymnarrower than the thickness

of said flat plate electrode member.

8. A method of manufacturing the electric dust-collection

unit according to Claim 6 or 7, wherein in forming said collection

electrode, pluralities of said first and second flat plate

electrode members are placed with said notch guide sections facing

one another where said notch slits correspond, and are caused to

interlock at an angle of intersection of 100-175 in such é way as

to be assembled as a whole in an oblique lattice shape, and then

adjusted into a f:ectangle to form a large number of collector

electrodes arranged in a rectangulaf lattice shape.

9. An electric dust-collection unit according to Claim 1,

3, 4, 6 or 7, wherein said electric dust-collection unit comprises

a female (concave) sub-unit having a large number of said collector

electrodes arranged in a lattice shape, and a male (com)ex)

sub—unit having large numbers of needle electrodes and deflecting

electrodes arranged in a one-to-one correspondence with said

collector electrodes, said female (concave) and male (convex)

sub-units being fitted together in such a way as to be capable of

being attached and detached.
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- { GHEET
and fir on facing said collector electrod 5 A-SPACEe ‘
relation t ' cond fol ded plate el ectrode nenbe ngl udi:r .
second foIrlm!ﬁﬂﬁLI!ﬂBﬂEHmon havi ng a second nmounti ng hol e {or aiée‘m\g 17
securing s4al M I rode and second side plate sectioh flagi-hg~sat :
collector electrode in a spaced relatigq thereto; and wherelsaid needl e -~
el ectrode is assenbled in the formof @ hollow rectangul ar leQl-tHra—satcr
first and secoh@l. f oAnaaiirptldaningeappasatus mpmpalising td demdiceapasinguch a

way that said first and second nounting hol es share substantially the same

axi s: andhaying aneair ileh eodeansaiy autley snfddanielsctyi¢ ssbnd forward

pl ate sections of said deflecting el ectrode with the use of inpact
collection unit according to Claim 1, 3, 4, 6, 7 or 9 mounted

therein.

11. An air-cleaning apparatus according to Claim 10,
wherein said dust-collection unit is housed in such a way that it
is capable of being attached to and detached from said device

casing.

12. BAn electric dust-collection device having an electric
dust-collection unit according to Claim 1, 3, 4, 6, 7 or 9 mounted

" within a device casing having an air inlet and an air outlet.

13. An electric dust-collection device according to Claim
12, wherein said dust-collection unit is housed in such a way that
it is capéble of being attached to and detached from said device

casing.

14. An exhaust particulate collection device having an
exhaust inlet and an exhaust outlet, being provided with a device
casing capable of housing said dust-collection unit, and having
at least said exhaust inlet fitted to the exhaust passage of a

" diesel 'engine in such a way as to collect particulates within the
exhaust by means of electrical cdntJ_:'ol, wherein said exhaust
particulate collection device has an electric dust-collection unit

. according to Claim1, 3, 4, 6, 7Tor 9 mounted within a device casing

having said exhaust inlet and exhaust outlet.




in such a way that said tin protrudes fromsurfaces said fir
forward plate sections, while said body thereof is intimatelly
said first and second nounting hol es. 2. A et hod of manuf
el ectric dust- collection unit according to Claim1l1, conprif§
of: formng said nounting hole having agiameter smaller tha

_REPLACEME xar‘m ‘%HEET r

acuﬁgam?

i Nig.t.
n that of said

body of said needle electrode in advance~in said

15. An exhaust particulate collection device according to

Claim 14, wherein said dust-collection unit is housed in such a

way that it is capab;e of being attached to and detached from said

device casing.
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forward plate section of said deflecting electrode; and fixedly securing
said needle electrode to said forward plate section of said deflecting

el ectrode, by driving said needle electrode into said nounting hole in said
forward plate section fromthe hollow inside of said deflecting el ectrode
to cause said needle electrode to protgyde fromthe surface of said forward
pl ate section, and by intimately fitti sai d body of said needle el ectrode

into sai dagRdaialcid oRoYE PIIREIHRIRENE Same.

ELECTRIC DUST-COLLECTION UNIT AND AIR-CLEANING APPARATUS
USING THE SAME

The disclosed invention is an electric dust-collection unit
including needle electrodes 27 for the purpose of charging
particulates within the air by causing corona discharges around
their tips 291, cqllector'cells (collector electrodes) 40 arrangéd
in tubular shape corresponding to the needle electrodes 27 for the
"purpose of attracting and collecting the charged particulates by
means of static electricity, and deflecting electrodes 28 which
are arranged in such a way as to be inserfed within the collector
cells 40 for tﬁe purpose of imparting a deflecting force on the
charged particles in the direction of the collector cells 40, the
deflecting electrodes 28 being configured in the form of a hollow
column including a forward plate section (301, 311) having a
mounting hole (ha, hb) for the purpose of fitting and retaining
the needlg electrode 25, and side plate sections (302, 303, 312,
313_3) facing the collector cell at a prescribed distance, while the
needle‘e1e¢trodeé 27 are fixed on to the forward plate sections
. (301, 302) of the deflecting electrodes 40 in such a way that their
~ tips protrude from the surface of the forward plate sections (301,

¥ 311), while their bodies 292 are inserted firmly in the mounting
hole (ha, hb). : ' | )

FIG. 1



3. An electric dust-collection unit, conprising: a needl d gm&#y'gﬁgg
having a tip and a body and constructed to charge pafticuletggpgg%ﬁLn«Lhe

air by creating corona discharges around said tip; a colledtoy t%eg
Fe

Leser

arranged irn a tubular shape so as to correspond to said negdl
and constructed to attract and coll ect tjhe charged parti culiat
static electricity; and,

FIG. 1
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a deflecting el ectrode inserted within said collector elect} G .
inparting to the charged particulates a deflecting force of | mpviig=towar ds
said coll ector electrode, wherein said deflecting el ectrodejc nﬁr@s@%ﬁdﬁﬁ7
first folded plate el ectrode menber including a first forwatd |plate sectioni
having a first nounting hole for fixedg¥%securing sai d needlle *®fectrode and
first side plate section facing said c ector electrode inja _—
relation thereto, and a second fol ded pl ate el ectrode nenbersf g a
second forward plate section having a second nounting

FIG. 2
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REPL ACEMENT
hole for fixedly securing said needle el ectrode and second si dgEB}'%Q‘EP AT HEET
section facing said collector electrode in a spaced relation 28 the re'gqo
and wherein said needl e el ectrode is assenbled in the form of| a| hbi8 SWH 387
rectangul ar columm, said first and second forward plate sectijong_being
caused to overlap in such a way that sa_g;d first and
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second nmounting hol es share nore or |ess the sanme axis; and sald ‘ne bﬁp' ;rE:T

el ectrodes is fixed on to said first and second formard pl at e:secti ons "
said deflecting electrode in such a way that said tip protrudésifro@nﬁ"fws wg?

surfaces of said first and second forward plate sections, whil d body.. |
thereof is intimtely fitted in said fir,sst and second nnuntiné hol es. 4.
An el ectric dust-collection unit according to Caim3, whereii ch.of..sald

first and second side plate sectlons has a channel - shaped cross-secti on,
sai d defl ecting el ectrodes

FIG. 4
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configured in the shape of a hollow rectangul ar col um bei n ﬂE@LA@@MbNT SHEET |
R BEH——
ot her. 5. A met hod of manufacturing the electric dust-col]egti

according to Claim3 or 4, conprising the steps of: formng]s

'said needle electrode in advance in said first and second fprward plate
sections of said deflecting electrode and fixedly securi ng=sed=needte

assenbling said first and second side plate sections so as fo

¥|rs% %ﬁh
second nmounting hol es having a dianeterégnaller than that o
el ectrode

FIG. 5




on to said deflecting electrode, said fixedly securing step ngmﬁm SHEET_.
formng said deflecting electrode by assenbling said first a

fol ded plate el ectrode nenbers in the formof a hollow rectang Iag gnﬂ&?
and causing said first and second forward plate sections to % n such
a way that said first and second nDuntng hol es share nore or e
axis, and driving said

FIG. 6
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needl e el ectrode into said first and second nounting hol esg

and second forward plate sections fromthe hollow inside o Eﬁ%ﬁﬁgﬁﬁtﬂ?eﬁ¥E ~§-

el ectrode to cause said tip of said needle electrode to pr
surfaces of said first and second forward plate sections,

intimately said body of said needle elecjrode into said fir%
nmounti ng hol es. 6. An el ectric dust-cdlllection unit, co
plurality of needle el ectrodes having a tip and a

FQI....... . |
t d“*ééjcg‘ﬁa\]
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body and constructed to charge particulates within the air

by-croating

corona di scharges around said tip; a plurality of coIIectcrggﬁpg@m@uﬁngrFT
arranged in a tubular shape so as to correspond to sai d ngedpe-~el-ectr.odes.,

and constructed to attract and collect the charged particu
and, a plurality of gdeflecting electrg
configured in the formof a colum and Thserted wthin sai
el ectrodes for |npart|ng to the charged particul ates a def

static electricity;

movi ng

FIG. 8
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towards said collector el ectrodes, wherein said collector el “ﬂ_ckggw&‘ﬁ\!ﬁ SHEET
arranged as a whole in a rectangular lattice shape by causin Lalit-i-es

of first and second flat plate el ectrode nenbers each having ia Iuralj'mz- 1@7
notch slits at equal distances fromone another to interlock fat shifd rif%/c
slits in such a way as to intersect with,one another at rightta ;
each notch slit conprises a narrow slit—sSection which is the &\;ite of said _
interl ocking, and a notch gui de section which acts as a gui delj_nt.o-sai-g~—""
slit section, ‘there being fornmed at | east on the edge between

FIG. 9




one end and the other of said slit section one or nore thor
cause the width of said slit at that point to be narrower thag
t hi ckness of said flat plate el ectrode nenber. 7. An electritcan syl %97
dust-collection unit according to C aim®6, wherein the narrpwist points

where said thorns are present in said 10 A
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slit sections are approximately 3-20 [err]m narrower than theltRERIADEMENTT SHEET
said flat plate el ectrode nenber. 8. A net hod of manuf act uriing—the
el ectric dust-collection unit according to Caim6 or 7, whergin 'g p .§g7
said collection electrode, pluralities of said first and second {f | % g

el ectrode nenbers are placed with saidongfch gui de sections f4cing—ene

anot her where said notch slits corresp and are caused to ilnterl ock at

an angle of intersection of 100-175 in such a way as to be asJdemidiet~es~e

whole in an oblique lattice shape, and then

FIG. 11
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adjusted into a rectangle to forma large nunber of collector REPFAEHWEWW'SHEET“
arranged in a rectangular lattice shape. 9. An electric dudt-callection -
unit according to Claiml, 3, 4, 6 or 7, wherein said electrijc '
dust-collection unit conprises a femal e (concave) sub-unit havi 913 IJyrwglgg-?
nunber of said collector electrodes artggged in a lattice sh

(convex) sub-unit having | arge nunbers needl e el ectrodes
el ectrodes arranged in a one-to-one correspondence with said
el ectrodes, said fenmal e (concave) and mal e (convex)

FIG. 12
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sub-units being fitted together in such a way as to be capabje -
attached and det ached. 31 10. An air-cleaning apparatus f LIl NG @nn
device casing having an air inlet and an air outlet and an efe thi% Yo
collection unit according to Claim1l1, 3, 4, 6, 7 or 9 nountef

~ed b T
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FIG. 14




| | | | [ REPLAGEMENT SHEET |
therein. 11. An air-cleaning apparatus according to Caim10 o
dust-collection unit is housed in such a way that it is capab eiof éjejw 1997 :
attached to and detached from said device casing. 12. An el egt id ‘
dust-col l ection device having an el ectric dust-collection uni ccordi-pg—te
Caim1l1, 3, 4, 6, 7 or 9 nounted within £ devi ce casing having an air inlet
and an air outlet. 13. An electric dusticollection device ac | o~

Clam

o

FIG. 15 49 1
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A BT - -
12, wherein said dust-collection unit is housed in such a way Bﬁ%tﬁtngrSHEEr

capable of being attached to and detached from said device casiing. 14.

exhaust particulate collection device having an exhaust inl et} a d1&nJU“'ﬁ§7
exhaust outlet, being provided with a device casing capable ousing _said

dust-collection unit, and having at |eag said exhaust inlet itted to the
exhaust passage of a diesel engine in such a way as to collec ticulates o
wi thin the exhaust by neans of electrical control, wherein sard

FIG. 16
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particul ate collection device has an electric dust-collection|ugp; AGEMENT SHEET.
according to Claim1l1, 3, 4, 6, 7 or 9 nmounted within a devicejcasi ' '
sai d exhaust inlet and exhaust outlet. 32 15. An exhaust #)art i C Iggﬁ 97
col l ection device according to Caim 14, wherein said dust-coljl dcth 8ns -il‘i5
I's housed in such a 16

e it bt

FIG. 17
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I s capabl e of being attached to and detached from said device

casi ng.
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What is claimed is:

1. An electric dust-collection unit, comprising:

a needle electrode having a tip and a body and constructed to charge ™
particulates within the air by creating corona discharges around said tip; ST
a collector electrode arranged in a tubular shape so as to correspond to - - -
'said needle electrodes and constructed to attract and collect the ‘chirged -
particulates by means of static electricity; and, e
~ a deflecting electrode inserted within said collector - electrode for
imparting to the charged particulates a deflecting force of moving -towards said

collector electrodes, wherein said deflecting electrode

nQ 1 o3 of said first and se 211G
- jons, while said body thereof is intimately fitted in said first
. -and second mounting holes. " S

2.' A method of manufacturing said electric dust- |
collection unit according to Claim 1, comprising the steps of:
forming said mounting hole having a diameter smaller than

© that of said bddy of said needle electrode in advance in said

e 1262
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