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Rel ated Art Recently, buildings such as office buildings, restaurants,
recreation facilities, facﬂbNggggTHBﬁﬁﬁn@ETH@DeOE PHE gb@@ air-tight
structure, therefore, air stagnates in the buildings relatively. Such air
contains snoke floating in the air caused by tobacco, toner cone out froma
copy nmachi ne, paper partiC'ﬁ§§§ﬁ$%3§ﬁg§38§éiggggpé&ﬁﬁ&ﬂﬁr wi th bad snell
even toxi c substance soneti n e 25 buildings to
I mpair tgeir health and al so makes the facilities and machines dirty. To
this end; an electric dust collecting-type air cleaner has spread and
installed i fheEEHi%Q#EthéElgﬁﬁhfﬁbnf'Oati”g particles such as snoke
caused by tobacco an oner and renove bad snell fromthe air. 2 In one

of such air cleaner descri bed above, there has been

The present invention relates to an electric dust
collecting apparatus and manufacturing method of the same,

10 more particularly to an electric dust collecting apparatus and
manufacturing method of the same suitably used for such as an
air cleaner, a black smoke removing apparatus'for Diesel
engine's exhaust and an oil-mist removing apparatus for use in
factory.

15
2. Description of the Related Art

Recently, buildings such as office buildings,

restaurants, recreation facilities, factories, housings have a

20 good air-tight structure, therefore, air stagnates in the
buildings relatively. Such air contains smoke floating in the .
air caused by tobacco, toner come out from a copy machine,
paper particles of copy papers and together with bad smell even
toxic substance sometimes. This causes people in the

25 buildings to impair their health and also makes thé facilities
andnmchinesdirty. To this end, anelectricdust collecting~-type
air cleaner has spread and installed in the buildings to collect
floating particles such as smoke caused by tobacco and toner and

remove bad smell from the air.



an air clear shown in Figs. 22 and 23. This air cleaner is of a

wal | - suspension type and has a pre-filter 1, an 5 electrostatic-type dust
collecting unit 2, a deodorizing filter 3 made up of an active carbon fiber
and the like, a fan 4 such as cross-flow fan and the |like and a power
source which is not shown in the drawings. Wth operation of the air
cleaner, a dirty air 5 10 contained, for exanple, floating particles of
toner and snoke of tobacco is sucked into the inner portion of air cleaner

froma suction oEening 6 | ocated close to a ceiling by a suction power of
the fan 4. The dfPt9R@idE spchsely ghaanar dessidirechabpre. (F1e%s hes been

th b I | ect, ti I fl oat] 1 ticles., Suyb iy, it
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of air cleaner, therefore, it is possible to circulate the air in a room

effectivel y, saeht B8t ct8€saFLowsSEmirdnd ethd Qi rldtd yohie rsBourceewh@enhof
time. 25 Referring to Figs. 24 to 26, the dust collecting unit 2 which is a
maj or part isf nbheshbwnclieanke dwrblwihgsdescri bed below. Fig. 24 is a
vertically sectional view show ng the dust 3
_ With operation of the air cleaner, a dirty air 5
10 contained, for example, floating particles of toner and smoke
of tobacco is sucked into the inner portion of air cleaner
from a suction opening 6 located close to a ceiling by a
suction power of the fan 4. The dirtyair 5 firstly passes through
the pre-filter 1 to thereby collect relatively large floating
15 particles. Subsequently, it flows into the dust collecting unit
2 where the floating particles is charged as corona
electrification and collected in electrostatically. Finally, the .
air flows to the deodorizing filter 3 to be adsorbed and removed
bad smell, then purified. The purified air 7 is then blown toward
20 a floor from a blowing opening 8 by the discharging power of fan
4. 1In the case of air cleaner, the suction opening 6 is projected
from the body of air cleaner, therefore, it is possible to
circulate the airina roomeffectively, so that the air is purified
for a relatively short period of time.
25
Referring to Figs. 24 to 26, the dust collectingunit 2 which
is a major part of the air cleaner will be described

below.

Fig. 24 is a vertically sectional view showing the dust



collector 2. Fig. 25 is a vertically sectional view show ng an expl oded
view of the dust collector 2 as divided into two sub-units. Fig. 26 is a
perspective view fromseeing the front sgde (air suction side) of the dust
collector 2. 5 The dust collector 2 described above conprises a

mal e-type sub-unit 11 having needl e defl ection coupled el ectrodes 10 as a
needl e-attached prismstructure arranged with a nultiple grating |Iiked on
the inner sblectoan2outitgcad®-is ikedeft sl By " $ek Pord LIy Pewr yleowityy uni t
14 having collector 10 cells (collector electrodes) 13 like a rectangul ar
pi pe havi ngnbekhlogedi njewapft hheedustasohheetert Rossatiividadt inbbl wbdi ng
filter arranged with a multiple grating |liked on the inner side of an inner
case- i kedngaHﬁlﬁr Wi h§ R Perskechl e view cinpmyetesind wweh ot her
and incorpgrated tger into, 15, both the collector cells 13 and the needle
defl ecti ontE8BPI 849E| dBLFoBESEIBN P EABppOEI EREyIUEE aRGLHCFROBNE- t 0- ONe,
that i the need] e deflection coupled electrodes 10, 10,... are_attached
into tﬁse col'l ect oP® q%cgé?eggg;_fqﬁsﬁ%ﬁf EBAYS TR T L3R & male-type
respectivel¥w_JL:LS, 0o . h Lh e-type 2 sub-upit ;11 and the
fonale- t ypeiBrhbik P I ThEYshOThe 0813, a1 P  Eah PGuEhoaT ¥R AR Per i 1
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area to charge the floating particles being passed through; and a

prismliketided| camond £l &adir 9deeméloF t gpe@nPplie-uaPEr DX i HEVEhY 36118 tHr
square and 5 to 6 cmin length) 16 fornmed of a rectangul ar pipe structure
made dP ofcalisoftobletopmleatrodes) 13 like a rectangular pipe having
both openings at the ends as an electrostatic dust collecting
filter arranged with a multiple grating liked on the inner
side of an inner case-liked frame 12. With both the frames 9
and 12 engaged with each other and incorporated thereinto,

15 Dboth the collector cells 13 and the needle deflection coupled
electrodes 10 are oppositely arranged in one-to-one, that is,
the needle deflection coupled electrodes 10, 10,... are
attached into the collector cells 13, 13,... with non-contact
arranged, respectively. It is noted that both the male-type

20 sub-unit 11 and the female-type sub-unit 14 can be removed (or
separated) from each other in consideration of convenience to
handle those due to cleaning work and the like (referring to
Fig. 25).

The respective needle deflection coupled electrodes 10

25 have needle electrodes 15 for generating an ionized space area
to charge the floating particles being passed through; and a
prism-liked deflection electrodes (for example, approximately
10 mm in square and 5 to 6 cm in length) 16 formed of a

rectangular pipe structure made up of a front plate portion



4 and a side plate portion in which the front plate supports and fixes the
needl e el ectrodes 15 respectively, and for applying a deflection force to
the floating particles charged by a potengial applied fromthe side plate
portion so as to be 5 directed to the collector cells 13. The respective
needl e defl ection coupled el ectrodes 10, 10,... are coupled with each other
to have an equal potential through netal coupling nmenbers 17, 17,..., on

the other hand, at§ede apPateipertBsh bin e AItle ‘Taverd pletel sappoftbhanagh
insulating joint plates 10 18, 18,..., electrically insulating those from

out er case- flixkedthhentedhe 8lettrbdesolddrebpecaikeld, vahtdafer(&pplying
exanple, 5to 6 kV) is applied between the needl e defl ecti on coupl ed

el ectrode 18 dafilehtionl fecrcer toethel8ldating ppetaciea thangaddbyeat
current high voltage power source 15 which is not shown in the draw ng so
that the neRatenfiépleePPdhedofipPRdtBresifiadelateppeshitonasSpodft Foebe

' I, | h | Il 13 b ' lal . wth.
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sucked into the dust collecting unit 2 by the fan 4 passes through the
i oni zed SpaEBeabﬁﬁei9ca§é?l@k¥§eﬁraﬂ¥'Bgtﬁrb@@h!Qﬁéé@dt@ﬁgrgﬁihﬁ pLaBELY

ionized to becone a positive ion. The positivée ion then adheres to

10 18, 18,..., electrically insulating those from outer case-
liked the frame 9. It is noted that a high voltage (for
example, 5 to 6 kV) is applied between the needle deflection
coupled electrode 10 and the collector cell 13 during
operation from a direct current high voltage power source

15 which is not shown in the drawing so that the needle
deflection coupled electrode 10 becomes a positive potential

while the collector cell 13 becomes a negative potential with.

suitable electrical supply connected.

20 Fig. 27 is -an explanatory diagram for explaining-
operation of the air cleaner. As described the construction
above, when applying a direct current high voltage to the
needle deflection coupled electrode 10, a corona discharge is
equally occurred around the needle point of needle electrode

25 15 continuously and stably to form the ionized space area 19.
At this time, the dirty air 5 sucked into the dust collecting
unit 2 by the fan 4 passes through the ionized space area 19,
the oxygen having a low ionized energy is firstly ionized to

become a positive ion. The positive ion then adheres to



5 particles 20, 20,... caused by such as snoke of tobacco to give electric
charge of the positive ion to the particles 20, 20, ... Wen the particles
20, 20,... having the electric charge pass through between the foll ow ng
defl ection electrode 5 16 and the collector cell 13, the particles 20, 20,
) close to the collector cell 13 are adhered to the collector cell 13
havi ng the negative potential while the particles 20, 20,... apart froma

pol e plate pirti€lel2@CtRy, cel |chdsed oy epedh ek t Hueudl dhecqdecdpled e of
collector cell 13 to be adhered 10 thereto by the positive potential of
the pol e plgiee ddlatetftioctcaregd est ritte désisovd hiodn tte e tpadteisclaes 20,
mcro-size as 0.01 [err]mup to as relatively large as 10 [err] m can be

col l ected e2@ecti vé@hen the partichieg. 228( &0/i.s .a heerisge dhieveleicdwishowi ng a
record needl e- |iked pin nmenber 150 nade of a_stainless steel which was
used for tHehaRIRIIRASS dhmoy@h Petweansshet Relieringt dohlefier Rikecterqde

conprised of a pair of bent netal plate nenbers 160, 160 having side plate
portiong beiﬁ e L£he | SRR Yovee Shabdr drke Zﬁﬁr%\l?ji'?ﬁ]tz% ;de' por t5iRF 4l so
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menber 150 is then fixed by the silver solder G
10 thereto by the positive potential of the pole plate of
deflection electrode 16, so that the particles as micro-size
as 0.01 ym up to as relatively large as 10 pm can be collected

effectively.

15 Fig. 28(a) is a perspective view showing a record needle-
liked pin member 150 made of a stainless steel which was used
for the needle electrode 15. Also, the deflection electrode
16 is comprised of a pair of bent metal plate members 160, 160
haﬁing side plate portions bent to a U-liked groove shape and

20 a front plate portion also bent to L-liked shape to be closed
one opening end of the side plate portions, and both opening
sides of the bent metal plate members 160, 160 are faced with
each other to make a rectanguiarly hollow longitudinal portion
as shown in Fig. 28(b).

25 Referring to Fig. 28(b), the proximal end of pin member
150 is attached to an abutting portion of the front plate
portions of bent metal plate members 160, 160 forming the
rectangularly hollow longitudinal portion, and the proximal

end of pin member 150 is then fixed by the silver solder G,



6 maki ng a needl e deflection coupled el ectrode 10. However, since the dust
collector 2 normally has 50 to 200 pieces of the needl e deflection coupled
el ectrodes 10, 10, ... itself, great numbgr of hours are required to
produce the 5 needle deflection coupled electrodes 10, 10,... by using the
met hod with use of the silver solder G cost of manufacturing the air
cleaner is high and productivity is low In addition, since the needle

el ectrode lhakingoanheddie Hbelebuibhn@oapleai eleporbienlof the front plate
portions, unstable joint may 10 be arisen to cause di sadvantage. SUMVARY

OF THE | NVENRBweNekt Binthetbéodestincoblectoof2therpadignhasngentoon to 15
provide an el ectric dust collecting apparatus and manufacturing nethod of
the sane cap8Blpiefes c@ficihy) neatifact len?giléﬁstcoémdeélnﬁéﬁ@ﬂiﬁgdsﬁoé%tl‘hty,

and al so havi ng ood i npact resi stance. According to a first
aspect of the- p%E§g%F'|ﬂ§%ﬂF|BHmeﬁeP§ h§u5?09FﬂeHe§HlEP€cFPlEraﬁg?e the

oati g b ?EE@# HFﬁigifgi}n fsﬁa Q,:egrsﬁeej §chi§§ter§? Lﬁrhﬁgﬁﬁﬂ;ng
Qf'rgﬁéén@ﬁt §§5§8§§§E§°ﬁagcé*”ﬁ%gngi%f'gr&g%@%d@s 8sF &F pan g%a*%ﬁﬁng
col  ecting the gher gedell pald s derdi e b dye el ey A% Al | ohoBaasedlal

| east one de tron e ectrode V|ng ongltu I nal
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joint portion of the front plate portions, unstable joint may

10 Dbe arisen to cause disadvantage.

It is therefore an object of the present invention to
15 provide an electric dust collecting apparatus and
manufacturing method of the same capable of reducing
manufacturing cost and enhancing productivity, and also having

a good impact resistance.

20 According to a first aspect of the present invention,
there is provided an electric dust collecting apparatus
including at least one needle electrode for charging floating
particles in air by generating corona discharge around needle
points; at least one collecting electrode provided on a cell-

25 1liked arrangement corresponding to the needle electrodes, for
attracting and collecting the charged floating particles by
electrostatic force; and at least one deflection electrode
having a rectangularly hollow longitudinal structure comprise

of a front plate portion and side plate portions and fixed the



7 needle electrodes on the front plate portion, for applying a deflection

force to the
el ectrodes by
t he at | east
| ongi t udi nal
a sheet netal

charged floating particles to nove toward the collecting

a potential applied fromthe side plate portions, in which
one deflection 5 el ectrode having the rectangul arly hol | ow
structure is obtained frombending a profile plate punched up
by a predeterm ned punch press process. According to a second

aspect of hkedieestrttirddest obanthé0 frbher @lateppoyvided, afioel appliyenguat
col l ecting apparatus including a plurality of needle el ectrodes for
char gi ng f ldedftliecgipar tfiockes tion ther chprgedefdbatgngopeniaidissh&pgmoweound

needl e points;

a plurality of cell-liked collecting el ectrodes provided in

cor respondéovang thet oliespaoygi edetsrodesdby el poteodéel Rpplaedr fcomng
and collecting the charged floating particles by electrostatic force; and a
plurality &hedéicecPlofCePestionss éacwhﬁ§@|ﬁgeaaﬁeé@aﬁgupaﬁ|9eﬁéﬁp§mpn

Iongltuglnal
portion

structu de plate

R eRrrader heviagFhee el ABguloay v h@igeaoﬁ?bﬁgtaﬁape Dortion

for applyin geflectio forc o th cggr ed float artlclesh nmv
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grouped into either sever

Its or eac of the units

has N (integer of 2 or greater) nunber of deflectlon electrodes each havi ng

t he rectangul

arly hollow | ongi tudi nal structure coupled with a connecting

portion therebet peeBrdifg techapgubadl ¥spektowt! enei prudssat shyeatiegs are
obtained froma proflle pl ate punched up a sheet netal and

10 there is provided an electric dust collecting apparatus

including a plurality of needle electrodes for charging

floating particles in air by generating corona discharge

around needle points; a plurality of cell-liked collecting

electrodes provided in correspondence with the respective

15 needle electrodes, for attracting and collecting the charged

.floating particles by electrostatic force; and a plurality of

deflection electrodes each having a rectangularly hollow

longitudinal structure comprised of a front plate portion and

side plate portions and fixed the needle electrodes on the

20 front plate portion, for applyving a deflection force to the

charged floating particles to move toward the collecting.

electrodes by a potential applied from the side plate

portions, in which predetermined number of deflection

electrodes is grouped into either several units or a single

25

unit, each of the units has N (integer of 2 or greater) number
of deflection electrodes each having the rectangularly hollow
longitudinal structure coupled with a connecting portion

therebetween, the rectangularly heollow longitudinal structures

are obtained from a profile plate punched up a sheet metal and



8 bent to formthe side plate portions and front plate potion by a punch
press process, thereby the rectangularly hollow | ongitudinal structures are
arranged with a three-dinmensional integr@ated piece fabricated. 5 The N
nunber of deflection el ectrodes each having the rectangul arly hol | ow

| ongi tudi nal structure in one unit may be coupled with the connecting
portion therebetween, and the rectangularly holl ow’'l ongi tudi nal structures
may be obttentedol@oriw dimet kédpr plake pbatiopanéhédfopnt helastegiotisdralbyand
bent to formthe side plate portions and front plate portion by the punch
press proceBnGhargss mrogest afdierely the 1 xeetangplarlindioldiawuct ures are
arranged in series wth the three- dinensional integrated piece fabricated.
15 The N rifRfsEt USRS | SERYTNLE AT R andst ivith@ tihreendidanaianal

hol | ow | ongi,tudi nal , structu i,n gne, unit rmay be coupled with the
connectindgﬁﬂ?qqék?q:ﬁﬁfﬁﬁ%t -Cafitflt he rectangul arly hol | ow | ongi t udi nal
structgres may be obtained 20 fromthe profile plate punched up the sheet
nmetal and bent to formthe side plate portions-and front plate portion by

LR Paneh P ess TROSESRCD Il RSO SN FOIL 08, Mg TRE € 10
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may be ar rasigaedwisibsimntdatdacting portion therebetween, and the
rectangularly hollow longitudinal structures may be obtained
10 from the profile plate punched up the sheet metal and bent to
form the side plate portions and front plate portion by the
punch press process, thereby the rectangularly hollow
longitudinal structures are arranged in series with the three-
dimensional integrated piece fabricated.
15
The N number of deflection electrodes each having the
rectangularly hollow longitudinal structure in one unit may be.
coupled with the connecting portion therebetween, and the
rectangularly hollow longitudinal structures may be obtained
20 from the profile plate punched up the sheet metal and bent to
form the side plate portions and front plate portion by. the
punch press process such that two connecting portions are
opposite to each other after bending, thereby the
rectangularly hollow longitudinal structures having a
25 predetermined interval are arranged in series with the three-

dimensional integrated piece fabricated.

The needle electrodes may be arranged on substantially

central positions on each of the front plates of the



central positions on each of the front plates of the 9 defl ection

el ectrodes in alignnment. The N nunber of deflection el ectrodes each having
the rectangularly hollow longitudinal strucgure in one unit may be 5
coupled with the connecting portion therebetween; the rectangularly holl ow
| ongi tudi nal structures nmay be obtained fromthe profile plate punched up
the sheet netal and bent to formthe side plate portions and front plate
portion by t hieflewh qr edeqmekss,id arigmdrdte, rrectangul arly hol [ ow 10

| ongi tudi nal structures are arranged in series with the three- dinensional
I ntegrated piece fabricated; and M nunber of units having the N nunber of
defl ection el ectrodes are provided and coupl ed through the connecting
portions, thus M (iTheedenuger af gefdreatian fdeaiuadasecash demiag ithe

el ectrodes are 15 rovided. The N numnber ,of _defl ection el ectrodes each

havi ng the ré&& WAL h QAW degotidciRels SEGEEERE S ARofRE MRt Ry be
coupl ed with the .connecti ortions .therebetween; th %%? rectangul arly
hol | ow | \(I)Vﬁgi t%&ﬁ?ﬁ&&ﬁ‘cﬁ}ifw ncgotpé“l%(fq %‘rﬁrteﬁ%e 5 é:?ﬁ ate
punched up t t ta.formthe.sid | at e portions and
front plate g§¥?¥§ﬁhﬁgsﬁﬁéIgﬁgéﬁﬁg¥%%§§EﬁJ<§%§Lsﬁéﬁ§iﬁ%§§ ¥w§§z%§;ﬂ¥§FFy
hol I ow | ongi ta4HNalh &St UL $H 13 Jx?}ﬁe‘%{j | i ] e 5
di mensi onal integrated pi elce f%e:llbrtfecg{e ; an&i%%ﬂénbsg%éé‘? trﬁl;érﬁa{ls arerll:aé%%rnot\zli%ged
and coupl ed tfyrenahe Mitlel p It o NN | FDAOPLANRS pdritionMly Rneger
of 2 or greater) tinmes N nunber of deflection electrodes are provided.
punch press process, thereby the rectangularly hollow
10 longitudinal structures are arranged in series with the three-
dimensional integrated piece fabricated; and M number of units
having the N number of deflection electrodes are provided and
coupled through the connecting portions, thus M (integer of 2

or greater) times N number of deflection electrodes are

15 provided.

The N number of deflection electrodes each having the
rectangularly hollow longitudinal structure in one unit may be
coupled with the connecting portions therebetween; the

20 rectangularly hollow longitudinal structures may be obtained
from the profile plate punched up the sheet metal and bent to
form the side plate portions and front plate portion by the
punch press process, thereby the rectangularly hollow
longitudinal structures are arranged in series with the three-

25 dimensional integrated piece fabricated; and M number of units
are provided and coupled through (M + 1) number of connecting
portions, thus M (integer of 2 or greater) times N number of

deflection electrodes are provided.



10 The needl e el ectrode having a needle portion and a body portion may be
provi ded on each of the front plate portions of the deflection el ectrodes
where needl e el ectrode nmounting hol es opgp at a substantially central
portion of the front 5 plate portions, and each of the body portions may be
engaged and tightly fixed to the needle el ectrode nmounting hole with the
needl e el ectrode projected fromthe front plate portion. The needl e

el ectrode havi ng Thenewddd epalieahraied mvihg & atdeddley pdritidodnder icdly and
a relatively thick body portion in order may be fixedly nmounted on each of
the front PEEPoMIYRe ProvidedePneerrbnoE| ther BHRBT vipba ke RRXfiions of

el ectrode mpunting holes open at a substantially centralcfortion,of t he

front plat eHords SiPRuf@r terde vivhere peedld RISHANPIHIMPBYdPDorti ons
of the needl e el ectrodes is inserted.nto the needl e el ect e unt.i ng
ol ¢ 1 om d1PIE GRAE GE h S AR AT AL HRF RN 1 PR nei de.
of the tro t rtion. e ne C V] dl e
porti ongan3£ laﬂeglpgqnﬁ:\c}i.ecfzgsqt ha}lﬁuobeoa yh [?ofr H}loen rbaoﬁag’l %o(r%e ac%rl{s\?gfaf' ﬁ"lél 2% gga(?%?e
portion in aq{&ieé-gm-lh il RV HSHQD ﬁé&f& d Modd Qg HAle WAGH | Ons
of the def!ectid' e ctﬁbégg ﬁ%ere né%%%e e ectroé% nnunﬂ?h_ héﬁés open at
a substant igld ndaild a1 et r Y Iy td e ddP | AP PLd N odAt MW .Ch
each of the relatively thin body portions of the needle €electrodes is
inserted into the needl e el ectrode nounting hole froman outside of the
front plate portion and fixed to the front plate portion by a brazing
joint. The needle electrode having a needle portion and a
10 relatively thin body portion and a relatively thick body
portion in order may be fixedly mounted on each of the front
plate portions of the deflection electrodes where needle
electrode mounting holes open at a substantially central
portion of the front plate portions in which each of the
15 relatively thin body portions of the needle electrodes is
inserted into the needle electrode mounting hole from an

outside of the front plate portion and caulked from an inside.

of the front plate portion.

20 The needle electrode having a needle portion and a
relatively thin body portion and a relatively thick body
portion in order may be fixedly'mounted on each of the front
plate portions of the deflection electrodes where needle
electrode mounting holes open at a substantially central

25 portion of the front plate portions in which each of the
relatively thin body portions of the needle electrodes is
inserted into the needle electrode mounting hole from an
outside of the front plate portion and fixed to the front

plate portion by a brazing joint.



According to a third aspect of the present invention, there is provided an
el ectric dust collecting apparatus including a plurality of group

el ectrodes each having a needle 5 electrqde for charging floating
particles in air by generating corona di scharge around needle points; a
collecting el ectrode provided on cell-Iliked arrangenment corresponding to
the needl e el ectrodes, for attracting and collecting the charged floating
particles by electrostatic force; and a deflection electrode 10 having a
rectangul arly hollow | ongitudinal structure conprised of a front plate
portion and si de jtetmdingg tiors Enidrd iaspkdtheohdd emrd st doeerdn drhe
front plate portion, for applying a deflection force to the charged

fl oati ng pathexre ebs tprowided cmrel edkr ool dust | ¢pllecEind dppanatupot ent i al
applied from15 the side plate portions, in which the needle electrode is
made up of hn@e‘éﬁl#ﬂl%s% Bl L i of ﬁéé’dlpeeééﬁﬁ'-vf@ﬁeﬁh@ﬁébfh‘f‘%l%ﬁbp#|I@fdd3ﬁ a

ni ckel plati 10 [ err] mthick The I|t r.oup electrodes
Ty be Bt ot S 8 oA LR Ssngrab SRR 2

Rumber of aS%#é%?.%hS%ﬂ%ﬁf?L%%i'fﬁﬁ%ﬁ? oA o St Sl 1 Sk
plural i Uy ofc g aHe, P SO0SS Y 05 FERARRKCEL £ 808 ghgﬁt&,ceﬁéxl

with a plu cou I'ng nme e pIuraI

conb-type Céi@%ﬁfﬁhég”ﬂ¥355dE%&d@%l%@FQ%B!E@hh¥c€ﬂﬁge£38téh&ﬁééd fIEEE¥H§
with the pair of connecting portions. The plurality of group el ectrodes may
be integratgsityicles by electrostatic force; and a deflection electrode
10 having a rectangularly hollow longitudinal structure comprised
of a front plate portion and side plate portions and fixed the
needle electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collecting electrodes by a potential applied from
15 the side plate portions, in which the needle electrode is made

up of a stainless steel and a needle portion thereof is

applied by a nickel plating of 2 to 10 pm thick.

The plurality of group electrodes may be integratedly
20 provided and coupled with a pair of connecting portions and
fixed the needle electrodes on the front plate portions of N
number of deflection electrodes arranged in series; bottom
parts of the plurality of group electrodes may be mechanically
and electrically coupled with a plurality of comb-type
25 coupling members; and the plurality of comb-type coupling
members may be mechanically and electrically engaged with the

pair of connecting portions.

The plurality of group electrodes may be integratedly



12 provided and coupled with a pair of connecting portions and fixed the
needl e el ectrodes on the front plate portions of N nunber of deflection

el ectrodes arranged in series; and the phgrality of group el ectrodes nmay be
mechanically and 5 electrically coupled by rod coupling nenbers penetrated
i nto coupling holes fornmed on the connecting portions with a predeterm ned
interval opened, thereby the plurality of group electrodes are fixed by the
rod coupl i mrovdsst :and coupdigad etighpiepairl @ Ackarmiotgine woftolorsh aagipect

of the present invention, there is provided a nmethod of manufacturing an

el ectric dusitxesb|tihec tieag lep pdreattrodesclandithe dirdrdaqlafie potdianselodc iy ode
for charging floating particles in air by generating corona 15 discharge
around needi@ied fifs defilqctdan @ TAHNIARS i§HF IS g S PR/ /dedorihe
cell-liked arrangenment_correspqonding to the needl e el ectraodes, for
attracting Ygﬁ’o‘aégiqye&ﬁ FF AR SRS & JRY RF e @by @¥ttrostati c

20 “Tong1 { (HSRAT ST, R dpeh e A, R § TR Aee S
| i - fi | . : | . )
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toward the ﬁg{é%eﬁeetﬁ]npg}]ﬁagﬁﬂé}d%a éhzﬁﬂt edﬂél?ébljipﬂié' %Mfaflf%#}h%ﬁig%uﬁ ate

25 portio _ yl'ng a punch press process 'to a sheet netal "to
obtain a prafddtrdiled aref figekapgukael ¥oRotbapl Lagdhérsenal istd Wonplete and

bending the profile plate along in a |ongitudinal direction of the plate to
form si de pisice.portions and front plate portion nmade up of a rectangularly
10
According to a fourth aspect of the present invention,

there is provided a method of manufacturing an electric dust
collecting apparatus including at least one needle electrode
for charging floating particles in air by generating corona

15 discharge around needle points; at least one collecting
electrode provided on cell-liked arrangement corresponding to
the needle electrodes, for attracting and collecting the
charged floating particles by electrostatic force; and at
least one deflection electrode having a rectangularly hollow

20 longitudinal structure comprised of a front plate portion and
side plate portions and fixed the needle electrodes. on the
front plate portion, for applying a deflection force to the
charged floating particles to move toward the collecting
electrodes by a potential applied from the side plate

25 portions, in which applying a punch press process to a sheet
metal to obtain a profile plate of rectangularly hollow
longitudinal structures; and bending the profile plate along
in a longitudinal direction of the plate to form side plate

portions and front plate portion made up of a rectangularly



13 holl ow I ongitudinal structure, thereby formng the at |east one

defl ection electrode. According to a fifth aspect of the present invention,
5 there is provided a nethod of manufactgring an electric dust collecting
apparatus including a plurality of needle el ectrodes for charging floating
particles in air by generating corona di scharge around needl e points; a
~plurality of cell-liked collecting electrodes provided in correspondence 10
with the rhesiiemt i Mengicadima etmonnse f athextdbiactomgimendheoldtedidasy t he
charged floating particles by electrostatic force; and a plurality of

defl ecti oreng edeflrisiaaghlantmade a rect angul arly hol | ow | ongi t udi nal
structure conprised of a front plate portion and side plate portions and
fixed the 15 needle electrodes on the front plate portion, for applying a

defl ection force to the charged. floatin artjicles to nove toward the
col l ecting el ec%‘iﬁfé’s‘;}ﬁ&g aFop%[ %'hgl‘% aagé’%ﬁpted’é SR S SE§ e 1VERE108rt i ons,

ieft her SscvatSre i SRS E qf}%”ﬂﬁﬁﬁ%%?ﬁ%%%&?ﬁ%%%%% ﬁ%lfeictt&r%s“@f#h? eger
et angul STy ReT e SR e RPR F SREER Y bR TC g

porti on t hey@holdean; eqhnall Ny Sinelss Pl r Pl Al i haye gy prof i e pl ate

of the rectangularly hollow I"ongi t udi nal structures are obtained froma
profile pl@dreematiohedtddoria igfihdmidlarait haswhing gdienty;ofd Ipa uaatieyt o

formthe rectangularly hollow | ongitudinal structures each having the side
pl at e portodpreedidliiked collleptdng phettendby proubdéd in correspondence

10 with_the respective needle electrodes, for attracting and
collecting the charged floating particles by electrostatic
foice; and a plurality of deflection electrodes each having a
rectangularly hollow longitudinal structure comprised of a
front plate portion and side plate portions and fixed the

15 needle electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collecting eiectrodes by a potential applied from .
the side plate portions, in which determining predetermined
number of deflection electrodes into either several units or a

20 single unit, each of the units has N (integer of 2 or greater)
number of deflection electrodes each having the rectangularly
hollow longitudinal structure coupled with a connecting
portion therebetween; punching a single metal plate to have a
profile plate of the rectangularly hollow longitudinal

25- structures are obtained from a profile plate punched up a
sheet metal; and bending the profile plate to form the
rectangularly hollow longitudinal structures each having the
side plate portion and the front plate portion by a punch

press process, thereby the rectangularly hollow longitudinal



press process, thereby the rectangularly hollow | ongitudi nal 14
structures are arranged with a three-dinensional integrated piece
fabricated. The punching process applies t;g a sheet netal to have a 5
profile plate of N nunber of rectangularly hollow | ongitudinal structures
and bend the profile plate to formthe rectangularly holl ow | ongi t udi nal
structures in series each having the side plate portion and the front plate

portion coupkedusttibet heréoaneshydd wWOthi §NshtE6+ebRENELONDY Bnbededtdd
press process, thereby N nunber of deflection electrodes each having the

rect angul ar | pieoel babtroogtéeddi nal structure in series are arranged with a

t hree-di nensional integrated piece fabricated. 15 The punchi ng
process applies to a sheet netal to have a profile plate of N nunber of
rectangul arly hollow | ongitudinal structures and bend the profile plate to
form the rectangul BR¢ yPRFRIAE | RDERFE IR 2RIPLEST LER LR e3hESt JBRTRS AR ng

th i d | at ti dthe f t plat ti 0 I ith th
(e side plale poiilon e i Loont, plate portion 20 corpleruLinle,
t I I hol I i t.udi t d | [ i th
(ot anaul arl y hoLLovel onghtudh gob oL £, BL oLgapged Lo seres w
havi th f ' .ded.; I 25
navi g the MeauebepuoLdel et bom b et odes ter By 45,31 £0UE) ey 23

nunber of thgagehbeehé 08; &b Os1s08E50RF Lol O OeHe AEERE IbDGtE Cpdreidd N
aspect of the preSent invention,
coupled with the connecting portions therebetween by a punch
10 press process, thereby N number of deflection electrodes each
having the rectangularly hollow longitudinal structure in

series are arranged with a three-dimensional integrated piece

fabricated.

15 The punching process applies to a sheet metal to have a
profile plate of N number of rectangularly hollow longitudinal
structures and bend the profile plate to form the
rectangularly hollow longitudinal structures in series each
having the side plate portion and the front plate portion

20 coupled with the connecting potions therebetween by a punch
press process, thereby the rectangularly hollow longitudinal'
structures are arranged in series with the three-dimensional
integrated piece fabricated:; and M number of units having the
N number of deflection electrodes are provided and coupled,

25 through the connecting portions, thus M (integer of 2 or
greater) times N number of the deflection electrodes are

provided.

According to a sixth aspect of the present invention,



15 there is provided a nethod of manufacturing an electric dust collecting
apparatus including a plurality of needle el ectrodes for charging floating
particles in air by generating corona di ggharge around needl e points; a
plurality 5 of cell-liked collecting el ectrodes provided in correspondence
with the respective needl e electrodes, for attracting and collecting the
charged floating particles by electrostatic force; and a plurality of

defl ecti on Ehers rislesr@aideday ingtifod est angnbh fdddufiond o | onariich Rlst
structure conprised of a 10 front plate portion and side plate portions
and fixed t¢elhecting cipparades icludidg cntpplrzd ki tppréf areedlay appl ying a
defl ection force to the charged floating particles to nove toward the

col | ecti ng @lecE¥eirs f9r chanaing oflegipine ddrivickds i deiplt e portions,
i n which providiq%.the needl e 15 el ectrodes each having a needl e portion

and a body FHEITIMEPRHATARR H SRhreraeunt ieedle Poilngmeta minwalidyhave
ol s, 3 di i PR SR LLECERanl BLoFHaRAFRPEOY ARG TP FATHONETE o
?gg; ? intnigaltvh%trﬁggﬁd‘{ ?ee%%%éi%eéoﬁenﬂ)e E%]}Lgec];t;rgog:fee&;aéo% P%%ﬁa%%ol es by
WhT1E bendiar Te e RN TR O Rl ORI b e dadsii el form

el oct Tode | 5 pre) ceteq. Fram iy tante e et PRI FaihaRare an o
the needl e metenadarly tHalidw fonEdt iiddle steadtnd ednpid@ed of a

10 front plate portion and side plate portions and fixed the
needle electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collecting electrodes by a potential applied from
the side plate portions, in which providing the needle

15 electrodes each having a needle portion and a body portion;
applying a punch press process to a sheet metal to have a
profile of the deflection electrodes; providing needle
electrode mounting holes, a diameter of which is smaller than
that of the body portion, at a substantially central portion

20 of the front plate portions; and inserting the needle
electrodes into the needle electrode mounting holes by
épplying an impact to the needle electrodes from back of the
front plate while bending the profile plate along in a
longitudinal direction to form the deflection electrodes,

25 thereby the needle portion of the needle electrode is
projected from the front plate portion and the body portion of
the needle electrode is tightly fixed on the needle electrode

mounting holes.



nmount i ng hol es. 16 According to a seventh aspect of the present

I nvention, there is provided a nethod of manufacturing an electric dust

col Lecting apparatus including a pluralitygof needl e el ectrodes for
charging floating particles in air by 5 generating corona di scharge around
needl e points; a plurality of cell-liked collecting el ectrodes provided in
correspondence with the respective needl e el ectrodes, for attracting and
col l ecting the chacgeddiihgatibong pawenthesspecel eft thet piresehdr dayveandoa,
plurality of deflection electrodes each having a 10 rectangul arly hol | ow

| ongi t udi nalthemeydisupEoydssd seteshogd forfomanpifacsurdng e glectirde glste
portions and fixed the needl e electrodes on the front plate portion, for
appl yi ng a d@fm@@t PEPE&aty st H@Cé-h’é‘ﬂ@@d & Pdaredd tyacdi &eesieo nove

L?’Q’g‘%dpé?ﬁc < qﬁ% R FoRraRg Ees te”fé%'até%ﬁ'@éﬁiglré%?h fatvihﬁgséde
por i on' Sap et tA TS0 SN e S SHRaCHE: p”é‘d"?}ee%ﬁ‘i P&‘i ol ¥§v 1&%@&?—
of the C'ef'e‘ocft %ﬂleh?‘n%ﬁogﬁg%ﬁ )ﬁd%gg?@?g%% e&! gle%‘&'ees

a di aneter which i's sma t|v y th|c
portion but vﬂrt%att%r tr*é%%etctE%RreOfneTela%r %'l%tc't‘i%'d)ést Nigd rD QDY A NN, an@lt a
substantially central portion of front plate portions; inserting the

relatively tdolekedyigp@hlel @h&r@‘edt E&o@%q@lllge Riredicledespy riedtiostetdle 25
el ectrode nmounting holes froman outside of the front plate portion while
bendi ng t he fiorefe;| enporat pdoraldny iof aleflection electrodes each having a
10 rectangularly hollow longitudinal structure comprised of a
front plate portion and side plate portions and fixed the
needle electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collecting electrodes by a potential applied from
15 the side plate portions, in which providing the needle
electrodes each having a needle portion, a relatively thick
body portion and a relatively thin body portion; applying a
punch press process to a sheet metal to have a profile of the
deflection electrodes; providing needle electrode mounting
20 holes, a diameter of which is smaller than that of the
relatively thick body portion but greater than that of the
relatively thin body portion, at a substantially central
portion of the front plate portions; inserting the relatively
thin body portions of the needle electrodes into the needle
25 electrode mounting holes from an outside of the front plate
portion while bending the profile portion along in a
longitudinal direction to form the deflection electrodes; and
caulking the relatively thick body portion from an inside of

the front plate portion, thereby the needle electrode is fixed



| ongi tudi nal direction to formthe deflection el ectrodes; and caul king the
relatively thick body portion froman inside of the front plate portion,

t hereby the needle electrode is fixed 1%7 on the front plate portion of
the deflection electrode. According to an ei ghth aspect of the present

i nvention, there is provided a nethod of manufacturing an electric dust 5
col l ecting apparatus including a plurality of needle el ectrodes for

chargi ng floatthe freont gleste rp@itiday gf neratdefil exricora el escthrardge. ar ound
needl e points; a plurality of cell-liked collecting el ectrodes provided in
correspondence with the respective needl e el ectrodes, for attracting and 10
collecting the charged floating particles by electrostatic force; and a

plurality of def RRI9GHI &Q AU Hudh GaRAGTHy of (& HRRASHY FATEntGwn.
| i tudi nal, st t [ I sed qf f t t orti dsid | gt
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profile of the deflection el ectrodes; providing needl’'e el ectrode nounti'ng
hol es, a digfreiecll-afiked ebllectitly elethabdeBaprotitibe 1€!cdiradporndiride

body portion but greater than that of the relatively thin body portion, at
a substant iwltly tentredprivmmdadileofeldetfodsd, pffat eatpordgtoirgg dmbserting
the rea%tlzggf&ecting the charged floating particles by electrostatic
force; and a plurality of deflection electrodes each having a
rectangularly hollow longitudinal structure comprised of a
front plate portion and side plate portions and fixed the
needle electrodes on the front plate portion, for applying a
15 deflection force to the charged floating particles to move
toward the collecting electrodes by a potential applied from
the side plate portions, in which providing the needle
electrodes each having a needle portion, a relatively thick
body portion and a relatively thin body portion; applying a
20 punch press process to a sheet metal to have a profile of the
deflection electrodes; providing needle electrode mounting
holes, a diameter of which is smaller than that of the
relatiQely thick body portioh but greater than that of the
relatively thin body portion, at a substantially central
25 portion of the front plate portions; inserting the relatively
thin body portions of the needle electrodes into the needle
electrode mounting holes from an outside of the front plate

portion while bending the profile along in a longitudinal

direction to form the deflection electrodes; and brazing the



thin body portions of the needle electrodes into the needl e el ectrode
nmounting holes froman outside of the front plate portion while bending the
profile along in a longitudinal directiofpgto formthe deflection

el ectrodes; and brazing the relatively thick body portions to the front
plate portions, thereby the needle electrode is fixed on the front plate
portion of the deflection electrode. 5 According to a ninth aspect

of the preseifatiivednt ithvick bedy porrionsdad &hektfirac tofplaaruipaetibngg an

el ectric dust collecting apparatus including a plurality of needle

el ect r odes Theredyathien geredd et iedgafaodiecliss filxed onbyrhge feoatti pdater ona

di scharge around needl e points; a plurality 10 of cell-liked collecting

el ect r odes XM e @5 Fh€odeddgaitdenc @ 1Rictkodte respective needl e

el ectrodes, for attracting and collecting the charged floating particles by
el ectrostatic force; and a plurality of deflection electrodes each having a

por (1 onSand 4i do PSP AFHRgr EPoRs RARETS FREHCEnE nEa) BoEREEEr AYEREAOPR
Is ; Lyi def. ' tQ. t A
1 oat i hg parerel a8 PACVavecy Guary Phe Clol Foseees Eadt Pousa<fy 4eoBhsti i o

applied fremiuketsin @ tRAr ine%aing WhicahirBh9iydioad nlg;Reed e 20
el ectrodes each hav?ﬁéggéneedlelportién? a Felgtivepg tthk%%ody portion

and a rel atleeltyoteisn foedyrhpekingn fleprlingn@azthdlel BheasrPbgcess to a
sheet netal to have a profile of the deflection el ectrodes; providing

needl e el egenedetingntorgnhokéschargieasrbanhdoheetilehpioinsanl bhepltiranithat
of the 25 relatively thick body portion but greater than that of the

10 of cell-liked collecting electrodes provided in correspondence
with the respective needle electrodes, for attracting and
collecting the charged floating particles by electrostatic
force; and a plurality of deflection electrodes each having a
rectangularly hollow longitudinal structure comprised of a

15 front plate po:tion and side plate portions and fixed the
needle electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collectind electrodes by a potential applied from
the side plate portions, in which providing the needle

20 electrodes each.having a needle portion, a relatively thick
body portion and a relatively thin body portion; applyving a
punch press process to a sheet metal to have a profile of the
deflection electrodes; providing needle electrode mounting
holes, a diameter of which is smaller than that of the |

25 relatively thick body portion but greater than that of the
relatively thin body portion, at a substantially central
portion of the front plate portions; bending the profile along
in a longifudinal direction to form the deflection electrodes;

inserting the relatively thin body portions of the needle



relatively thin body portion, at a substantially central portion of the
front plate portions; bending the profile along in a longitudinal direction
to formthe deflection electrodes; insertigg the relatively thin body
portions of the needle 19 el ectrodes into the needle el ectrode nounting
hol es from an outside of the front plate portion; and brazing the
relatively thick body portion to the front plate portion, thereby the

needl e el ectelmtencrids MartcortHehendfedliet elleaiter oaier fountdhg el sd€Ekbmctinon

el ectrode. As described the construction above, the plurality of deflection
el ectrodes cartdigld tfedghat Sdbptf piate povhianprarid lkrgainchdtheuped ashvefly
metal by the punching and bending 10 ress process, enabling the

manuf act ur i ﬁ@“rﬁ‘b&oég’ RO Aehpd G&)Ghﬁorﬁ%&&‘q iPtha tgn PoFitd@Tat ithiempbyTRBeneed! e
el ectrode can be fixed to the front plate potion of _deflectiqn el ectrodes

by not only 18R £hsFande dissd O §en F GORTa P kG POT&ARENOEnghe
productignr&g of .15 he .needl e el ectrode fabricated on the deflection
el ectrodeg, i qﬁ?ﬂne A T0&EG e el ectrode can be inserted into the
needl e el ectrode mounting hol e, causing good coupling between themto

I ncrease remar kabl e strength, al so enhanci ng i npact resistance agai nst the

e oauct | 3 Hes RSP R Sordru RSB, chRpREA B 02
The above anrft@ldiaii DAt r AR At BAtERY Horiad Freaeat
invention will be nore apparent fromthe foll'ow ng
profile punched up a sheet metal by the punching and bending
10 press process, enabling the manufacturing process to have good
workability and productivity.
The needle electrode can be fixed to the front plate
potion of deflection electrodes by not only the brazing but
also caulking and impact work, enhancing production rate of
15 the needle electrode fabricated on the deflection electrode,
in addition, the needle electrode can be inserted into the
needle electrode mounting hole, causing good coupling between
them to increase remarkable strength, also enhancing impact
resistance against the mechanical and thermal interference.

20 Conseqﬁently, low production cost and mass-production can be

achieved.

25 The above and other objects, advantages and features of
the present invention will be more apparent from the following
description taken in conjunction with the accompanying
drawings in which:

Fig. 1 is a plan view showing a profile portion of



description taken in conjunction wth the acconpanyi ng draw ngs in which:
Fig. 1 is a plan view showing a profile portion of 20 defl ection

el ectrodes for use in an electric dust collecting apparatus of an

enbodi ment -of the present invention; Fig.28 is a perspective view showi ng a
m ddl e processed 5 product of the deflection electrodes applied by punching
and bendi ng process; Fig. 3 is a perspective view showng a mddle

processed product of inserting needle electrodes;. 10 Fig. 4 is ,
berspect i ve QA SHRR RLSE TS AR b EAECHA P Hetft Brecting

Vi cve show APREARIGlof BT IR, e Tt Avefidn D o0 o

perspective view show ng the defl ection coupl ed el ectrodes having the
needl e el ectrodes; 20 Fig. 7 is a perspective view show ng a nethod of

fabricating a nal Q’it@’.pl‘izi 3@-&#}4&&5&6&1&&%@@ GRS 8 | 2 MiCRUR %ﬁco&:eosfsed

el ectrodes; 25 8 i's a perspective view show ng a netho

fabri cat Bng pradler topectid el dcticon Nl ddverdaasl| Hoptefd @ by Gurtenii € hnd
el ectrodes; Fig. 9 is a perspective view show ng a nmethod of
bending process;

Fig. 3 is a perspective view showing a middle processed
product of inserting needle electrodes;
10
Fig. 4 is a perspective view showing a middle proceésed

product having needle electrodes:;

Figs. 5(a) to 5(c) are perspective views and their
15 sectional views showing steps of fabricating the needle

electrode;

Fig. 6 is a perspective view showing the deflection

coupled electrodes having the needle electrodes;

20
Fig. 7 is a perspective view showing a method of
fabricating a male-type sub-unit having needle deflection
coupled electrodes;
25 Fig. 8 is a perspective view showing a method of

fabricating a male~type sub-unit having the needle deflection

coupled electrodes;

Fig. 9 is a perspective view showing a method of



21 fabricating a nmal e-type sub-unit having the needl e deflection coupl ed
el ectrodes; Fig. 10 is a plan view showing a profile of a collector 5 cel
provi ded for each of the needle deflectpgn coupled electrodes; Fig. 11 is a

pl an view showi ng an el ectrode wall plate; 10 Fig. 12 is an enl arge
view showi ng a part of Fig. 11; Fig. 13 is a partial perspective view
showi ng a nmethod of fabricating the collector cell; 15 Fig. 14 is a parti al

per spect i viEaba ieva tsilvagM an gnedl evetyiped safb-fuahirt detviigy titee e dddet ate fileddtidn g.
15 is a partial perspective view show ng a nmethod of 20 fabricating the
col | ector Qqnpleézq}equqdeaa perspective view showi ng a dust collecting
unit in which the needl e deflection coupled electrodes are fabricated with
the collector cells; 25 Figs. 17(a) to 17(c) are explanatory vi ews show ng

a met hod of fabrlcatbgg the needl e el ectrode to t he def ectlon Iectrode in
a second enbodl fitFe SR VieH ShAWRa & ProfEilgs o 18‘(5’)0

o1 o R e £ R N T N R e sl ed.e'niéhi ?Sﬁ

electrodes;
Fig. 11 is a plan view showing an electrode wall plate;
10 Fig. 12 is an enlarge view showing a part of Fig. 11;

Fig. 13 is a partial perspective view showing a method of

fabricating the collector cell;

15
Fig. 14 is a partial perspective view showing a method of

fabricating the collector cell;

Fig. 15 is a partial perspective view showing a method of

20 fabricating the collector cell;

Fig. 16 is a perspective view showing a dust collecting
unit in which the needle deflection coupled electrodes are
fabricated with the collector cells;

25

Figs. 17(a) to 17(c) are explanatory views showing a

method of fabricating the needle electrode to the deflection

electrode in a second embodiment of the present invention;



5 Fig. 19 is a perspective view showing a structure of male-type

- sub-unit in a fourth enbodi nent of the present invention; Fig. 20 is a
perspective view showing a structure of tfe 10 needle deflection coupled
el ectrodes in a fifth enbodi ment of the present invention; Fig. 21 is a

di agrammati c sectional view showi ng a structure of a black snoke renovi ng
apparatus for Diesel 15 engine's exhaust in a sixth enbodi nent of the
present inventionFikisg. 183al)st® perepearevexplewasbey rgeas showthgaaer for
explaining a related art; 20 Fig. 23 is a side view, partially cut away, of
showi ng t he meithod edndiapriicgtizg itheaneediiec allegtseodei trathei dwfikoniog a
25 structure of the dust collecting unit of major part of the air cleaner;
Fig. 25 is &Laatmods ip sedhiigdal H@ﬁ&wpﬁgtaenﬁréseﬂﬁpényﬁbtmﬁnf and a
femal e-type sub-unit of the duct 23 collecting unit; Fig. 26 is a
perspective view show ng the front side of duct coIIecting unit: 5 Fig. 27
is an explanatory _yi ew.for, _explalnin era%kon of alr Ig%ner; gnd

Fge S80ay and JBLE) APoiferoBRroPRLtIPRug e Ry & StEuligto

male-type sub-unit in a fourth embodiment of the present

invention;

Fig. 20 is a perspective view showing a structure of the
10 needle deflection coupled electrodes in a fifth embodiment of

the present invention;

Fig. 21 is a diagrammatic sectional view showing a
structure of a black smoke removing apparatus for Diesel
15 engine's exhaust in a sixth embodiment of the present

invention;

Fig. 22 is a perspective view showing an air cleaner for
explaining a related art;
20
Fig. 23 is a side view, partially cut away, of showing

the air cleaner:

Fig. 24 is a vertically sectional view showing a
25 structure of the dust collecting unit of major part of the air

cleaner;

Fig. 25 is a vertically sectional view showing a male-

type sub-unit and a female-type sub-unit of the duct



10 nmethod of fabricating the needle deflection coupled el ectrode for
explaining a related art. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15

Herei nafter, enbodi nents of the present invention will be described with
reference to the draw ngs. <First Enbodi n@dt> Figs. 1 to 4, 5(a) to 5(c)
and 6 to 9 are explanatory views of a nethod of manufacturing major part of
an air 20 cleaner in a first enbodi nent of the present invention,
concretely, of nagFfacturlng a nunber of needl e deflection coupled

el ectrodes i Hth &tri cated in series, in which Fig. 1 is a plan
view of a proflle portion punched up a sheet netal and indicating a

t wo- di nensi onal shape of needle 25 deflection coupled electrodes; Fig. 2

is a perspective wlgg.veggowéingsﬁegisgglg%i@reocz&%%eghmﬁ tthgee&oh'eesﬁaef bke

portion by a punch are perspectl views show ng a

m ddl e procesrzed 1adedtingf uniterting needl e el ectrodes; Figs. 5(a) to 5(c)
are perspective views and their sectional views 24 shomﬁng st eps of

fabricatgéng the needle electrode; Fig. 6 is a perspective view showi ng the
needl e defl ection coupl ed el ectrodes having the needle el ectrodes; Figs. 7
to 9 are perspect ifig.vi28wd sshawergliahe tioalyr miaw fgroedeladhiagmahe-type 5

sub-unit having a nunber of needl e deflection coupled el ectrodes. Figs. 10
to 15 are ewopedsdiony of @i sHeaney;aamst hod of nanufacturing a collector

cell provided for each of the needle 10 defl ection coupled el ectrodes, in

which Fig. 10 is a plan view

Figs. 28(a) and 28(b) are perspective views showing a
10 method of fabricating the needle deflection coupled electrode

for explaining a related art.

DESCRIPTION OF THE PREFERRED FMBODIMENTS

15 Hereinafter, embodiments of the present invention will be
described with reference to the drawings.
<First Embodiment>

Figs. 1 to 4, 5(a) to s(c)land 6 to 9 are explanatory

views of a method of manufacturing major part of an air

20 cleaner in a first embodiment of the present invention,
concretely, of manufacturing a number of needle deflection
coupled electrodes integratedly fabricated in series, in which
Fig. 1 is a plan view of a profile portion punched up a sheet
metal and indicating a two-dimensional shape of needle

25 deflection coupled electrodes; Fig. 2 is a perspective view
showing a middle processed product bent the profile portion by
a punch press; Figs. 3 and 4 are perspective views showing a
middle processed pfoduct of inserting needle electrodes; Figs.

5(a) to 5(c) are perspective views and their sectional views



showing a profile plate of the collector cell; Fig. 11 is a plan view
showi ng an electrode wall plate; Fig. 12 is an enlarge view show ng a part
of Fig. 11, Figs. 13 to 15 are perspectivg views show ng the fabricating
order of the 15 collector cell. Fig. 16 is a perspective view showi ng a
dust collecting unit in which the needle deflection coupled electrodes are
fabricated with the collector cells. 20 Referring to Fig. 16, a dust
col | ecting showifld $sepscof pfalatrrhtin@rtis meddanel eaftrade; Tigal b- bsng
type, a ceiling-suspended type, a floor-placed type and the |like. The dust
col | ecti ng perspegtivaprigsesshowing- thpensadleandeachionngonpkedie

defl ection coupl ed el ectrodes 23 arranged_inside 25 an outer case-liked
frame 22 wi ehegtrodeerhavindathagreadiangbactapdes’ f EaGfe-Yype Budrenit 27
having col l ector cells 6pr colleclinﬁﬂgéectrqdes 26 arranged i nsi de an

i nner case- PEFRBECEF UReV 285 SOV RR) SO INE OXdeIngddd RRa+e-tpe

substantdj al |y, sim to the dust col Lecti upi t. 2 shown in 25 Fig. 26
i that ot FUPRUAH hetins S ibef opk “EredbecdbFLAeEoh SoRRFeto t her eby
arrange the gg&ﬁgg&gé cells 26, 26,... and the needl e deflection coupl ed
el ectrodes 2 ) ... in one-to-one, or each of the needle deflection
coupled 5 electrodes 23, 23,... is fixedly inserted into the collector
cells 26, 26,... with non-contact arranged, and in that both the mal e-type

sub-unit 24 and fei@ée-10/Peo S -aHd lexdl szl Jr§RM Rlse shoingaghmethed. o4 0
The needl e defl ection coupled el ectrode 23 conprises a
manufacturing a collector cell provided for each of the needle
10 deflection coupled electrodes, in which Fig. 10 is a plan view
showing a profile plate of the collector cell; Fig. 11 is a
plan view showing an electrode wall plate; Fig. 12 is an
enlarge view showing a part of Fig. 11; Figs. 13 to 15 are

perspective views showing the fabricating order of the

15 collector cell.

Fig. 16 is a perspective view showing a dust collecting.
unit in which the needle deflection coupled electrodes are
fabricated with the collector cells.

20 Referring to Fig. 16, a dust collecting unit 21 is
incorporated in an air cleaner of such.a wall-hung type, a
ceiling-suspended type, a floor-placed type and the like. The
dust collecting unit 21 comprises a male-type sub-unit 24
having needle deflection coupled electrodes 23 arranged inside

25 an outer case-liked frame 22 with a number of gratings
arranged; and a female-type sub-unit 27 having collector cells
(or collecting electrodes) 26 arranged inside an inner case-
liked frame 25 with a number of gratings arranged. This is

substantially similar to the dust collecting unit 2 shown in



needl e el ectrode 28 for generating an ionized space area to electrically
charge floating particles which nove through the area; and a defl ection

el ectrode (for exanple, approximately 10o,min square and 5 to 6 cmin

| ength) 29 having a 15 rectangularly hollow | ongitudi nal structure nade up
of a front plate portion 29a and side plate portions 29b, 29b in which the
front plate portion 29a fixes the needle electrode 28 and the side plate
portions 29%g29%% appl ek yotth pissdlef e ezl poiderds alrappigagediefidwct i on
force to the charged floating 20 particles to be noved toward the coll ector
cell 26. Theéach sotdhesn b Milearehyp dhmanmedite dafllexttion ooldd 6F6 eldgt.r.ade 10
shown in Fig. 27. On the other hand, as shown in Fig. 1, the deflection 25
el ectrode 28nd sthemasily dqaflettipn emmedralacirasteeadwlZS, 0.5 imm
thick) 30 to haveéfrofile portions 31 to be formed of a rectangularly

hol | ow | ongPReiTh fizdnen rRUct]A Cfhe-hg esgilh defgipctiay coupledy g '

bor ¢1/ong a1 P4At 008 437 200N IS Bt ik eeq e S MRteY oo
h in Fi d whi | f f d Al t.rod
i60¥1\2v: gg It‘%e;llb%izra@’off%e’n't : rﬂr“te}t%{ %bcfha_tCIeO%ré%gote ra{s%edl%%yécgﬁ@t g}agagnr%tgf hgr :
Each of th Wolgk t + ' ; 29, ..
hgg aonount(:all-' %%qﬁ%]l%ﬂhfe o%ﬂin%ﬁ% ce%4 t%gd ﬁfeég‘?-'leee‘gth}eégl rsgi&g-%?cd? S oevvn in

Figs. 1 andranovdbxd) #:%omt el YotBt ed therein without using the brazing
work as shown in Figs. 4 and 9, which is unique to realize high

productivity. Each of the needle el ectrodes 28, 28,..

10 | The needle deflection coupled electrode 23 comprises a
needle electrode 28 for generating an ionized space area to
electrically charge floating particles which move through the
area; and a deflection electrode (for example, approximately
10 mm in square and 5 to 6 cm in length) 29 having a

15 rectangularly hollow longitudinal structure made up of a front
plate portion 2%a and side plate portions 29b, 29 in which
the front plate portion 2%a fixes the needle electrode 28 and.
the side plate portions 29b, 29 applied by a predetermined
potential apply a deflection force to the charged floating

20 particles to be moved toward the collector cell 26. This is
also similar to the needle deflection.coupled electrode 10

shown in Fig. 27.

On the other hand, as shown in Fig. 1, the deflection
25 electrode 29 is formed by punching a sheet metal (for example,
0.5 mm thick) 30 to have profile portions 31 to be formed of a
rectangularly hollow longitudinal structure. The side plate
29b', 29b',... and a triangular portion of the front plate

2%a', 29%9a',... or respective profile portions 31, 31,... are



10 is formed by stainless steel and conprised of a cylindrical- shaped
body portion 28a and a needle portion 28b projected fromthe body portion
28a as an enlarged view shown in Fig. 5. 4¢ addition, the needle portion
28b is applied by nickel plating with 2 to 10 [err]min thickness as a
surface treatnent 15 for preventing it fromoxidation. As shown in Figs. 6

to 9, 98 pieces of the needle deflection coupled el ectrodes 23, 23,..., or
7 colums tiveasibbdipiyedent( byga uneh phessepdoeedsl becishowncdnplFeds. 2
el ectrodes 20 23, 23,... are nounted on a single dust collecting unit 21.

The 14 pi ecenidof6,t Wbicbedire déffifectendn froupitbe deddecstden28lactsivdenlion
Fig. 6 are |ntegratedly arranged in series _in which a pair of connecting

portions 32, aﬂznﬁréhGpﬁéémt@ft@9@50ﬁﬁﬁﬁﬁepléﬁﬁeﬂem@ﬁéﬁné6@he1§ﬁeébuﬁ§?dl 30

havi ng the proflle portions 25 it udi nal
direction t f&LoPheRat 5§Cha°EoFGﬁnf8PnﬁeEHPEed%?FE%?F%n EoEB?ed el ectrode
33 is argan h 7 columms Jin raIIeI C nstltutln Iec i ng
ani t 215 " Ericdoh Rlediiadst B 765 o R BPR Agonbtt R0 o, RE

col umn of negdles Aethectian eounleed Bl RCbRods STnut laerg cribedy

First, a punc press ne conp Set IS prOV|d§d for

prodUC|ng awgy%% ke @f x%@&ynﬁﬁgb%e@?kh%&kl %?Bg%duﬁh %%Qe§r§§1n§3stééi

A sheet netal exanpl e nmin thlc ness such”as stainles
and the |ikeok tale sBo@hl 118 @ glshe 4elaget 0des 33, 1§3un1qpb5t%U&%EQQzBp by

t he punch press line as shown i'n Fig. 1 in which 14 profi
high productivity. Each of the needle electrodes 28, 28,...
10 is formed by stainless steel and comprised of a cylindrical-
shaped body portion 28a and a needle portion 28b projected
from the body portion 28a as an enlarged view shown in Fig. 5.
In addition, the needle portion 28b is applied by nickel

plating with 2 to 10 pm in thickness as a surface treatment

15 for preventing it from oxidation.

As shown in Figs. 6 to 9, 98 pieces of the needle
deflection coupled electrodes 23, 23,..., or 7 columns times
14 pieces (Fig. 6) of the needle deflection coupled electrodes
20 23, 23,... are mounted -on a single dust collecting unit 21.

. The 14 pieces of the needle deflection coupled electrode 23 as
shown in Fig. 6 are integratedly arranged in series in which a
pair of connecting portions 32, 32 are opposite to each other
after bending the sheet metal 30 having the profile portions

25 31, 31,... along in a longitudinal direction thereof, that is,
a column of needle deflection coupled electrode 33 is arranged
with 7 columns in parallel, constituting a dust collecting

unit 21.



10 pieces of the deflection electrodes 29, 29,... are fornmed on the sheet
nmetal 30 having a punching hole, a punching profile and a notch opened. The

sheet nmetal 30 of the deflection electrodes 29, 29,... also has a | ayout
such that the front plates 29a', 29a',... lie in the center of the sheet
metal 30 15 on the longitudinal direction and side plates 29b[err],

29b',... lie in both sides of the front plates 29a', 29a',...in symetry

with respect to t Refleraingplkat Bsg89al, tdga,a.maﬁﬂﬁaqtunlnglmﬂﬂmmbbfnghe
portions 32, 32 in parallel on the 20 sheet netal 30 are also formed by
the punch predams efeseedde oe&ileck igne coupded: Rdegerrdet Bnweldcberodes 29,
29,...are integratedly formed on the pair of connecting portions 32, 32
with a predé*%*%ﬁ%?&? i®%¢h arranged. The pair of connecting portlons 32, 32

I h I d hol

br edet er ni ned pi ?#ﬁ%ﬁaﬁgﬁanﬁﬁ”eté%‘%ﬁ %reét%%nxm%%i%ow%%wiﬁlena?a
d) 40. h I d

IﬁeIelna ter% gﬂggpgg %gré?r%rlang #?l%n%% %BESn%QﬁE% dg?ig?giﬁ%d

the central gaat of dhiageshesls ol al3330 n tAeshopel audhial edi egkhpre, A

pair rectan arly shap not ¢hes (herelna?ter erred to as

reCtanQUIaron%I%BI15b¢hﬁ%kness§rgoa%%%hf%%”%%a&ﬂl%%%hsEQQleﬁﬁa EﬁétlQﬁé
close to the 5 connecting portions 32, 32 shown in Fig. 2, two |ines

i nt er sect ed dn thize profgilleudifmahed Ie&%@ttlr@ﬂle@f 3Bhe3sheet. ABt pundBedndp by
extended from one ends of the rectangular notch Kb to the other ends of the

rect angul ar thet punkh pressgl inlee adeashopmi dns Fafy.t Ae inr wanghe 1dopchéslKa, Ka
are two bending lines to
10 pleces of the deflection electrodes 29, 23,... are formed on
the sheet metal 30 having a punching hole, a punching profile
and a notch opened. The sheet metal 30 of the deflection
electrodes 29, 29,... also has a layout such that the front
plates 29a', 29%a',... lie in the center of the sheet metal 30
15 on the longitudinal direction and side plates 29b', 29b°',
lie in both sides of the front plates 29%a', 2%a',...in

symmetry with respect to the front plates 2%a', 29a‘',

The pair of connecting portions 32, 32 in parallel on the
20 sheet metal 30 are also formed by the punch press process, so
that 14 pieces of the deflection electrodes 29, 29,...are
integratedly formed on the pair of connecting portions 32, 32
with a predetermined pitch arranged. The pair of connecting
portions 32, 32 also have a plurality of rod penetrated holes
25 p, p,... with a predetermined pitch arranged to be penetrated

a rod coupled member (metal rod) 40.

As shown in Fig. 1, two pairs of triangularly shaped

notches (hereinafter, referred to as triangle notch) Ka,



10 be bent such as the side plate 29b', 29b',... and the triangle pieces
of the front plate 29a' are vertically bent, and as shown in Fig. 6, two

| i nes extended through one deep points ofpgthe triangle notches Ka, Ka,..
and the other deep points of the triangle notches Ka, Ka,... both in the

| ongi tudi nal 15 directions of the sheet netal 30 are two bending lines to
be bent such that the pair of connecting portions 32, 32 are opposite to
each ot her. K&l so, ate fampd acrdss desdiraigpaart” odt thes skbeandekBbli 30 in
approximately 10 mm 20 As descri bed above, the nounting hole h is
opened at ebbf tengitndpealidhrettiow. f rormaipt afe ratanmdarly shapes

di anet er of nDuntin? hole h_ is larger than that of the needle portion 28b
of needl e eN@EERBYe QQFebﬁ%f§$%HI%@f?ﬁﬁhdtﬁ@ta%fr@%%a%@%¥aﬁo@@€%%)2@%; 25
As described two bending lipes in the direction. intersecting the
Iongitudinaﬁbdrrec?F%nag?ot RrEedepn JRe R 353a%%@%,p?ﬁgl%%ﬁcﬁ{%§%sgopﬁ%%ess
is applied tQ. t e i t ent . appy.oxi.mat el degyees sa .that 14

pi eces O Uggﬂ%ggglné g?ﬁ%‘g%??%r o%%Ss ¢ psg}q‘”l”br‘?}sél %%29'3 S Y med

I nt egr at edl | e | : n L Qg ROr L kO 3 own
in Frg 2. LohSReeaeta A kR AR ed SOT OREL 00 00T Sk Shfe e iRl

facing upwasl, 1hHC8xt B8 E@CEHF6m CHRE 1 EREESoE8rhe Réctang@lfr | ASEER el | £ O
the nounting holes h, h,... fromabove, as shown in Figs. 3 and 5(a). At

this tinme, shecethée hasedertié PecEhfgnDiti 9otdSLKIf thheugieethe &éestrode
28 is smaller than that of the nounting hole h, the needle portion
points of the triangle notches Ka, Ka are two bending lines to
10 Dbe bent such as the side plate 29b', 29%b',... and the triangle
pieces of the front plate 29a' are vertically bent, and as
shown in Fig. 6, two lines extended through one deep points of
the triangle notches Ka, Ka,... and the other deep points of
the triangle notches Ka, Ka,... both in the longitudinal
15 directions of the sheet metal 30 are two bending lines to be
bent such that the pair of connecting portions 32, 32 are

opposite to each other. Also, the length across rectangular

notches Kb and Kb is approximately 10 mm.

20 As described abbve, the mounting hole h is opened at each
central portion of the front plate 29a'; 2%at', ..., the
diameter of mounting hole h is larger than that of the needle
portion 28b of needle electrode 28, but smaller than that of
the body portion 28a.

25

As described two bending lines in the direction
intersecting the longitudinal direction of the sheet metal 30
above, the punch press process is applied to those lines to be

bent approximately 90 degrees so that 14 pieces of U-shaped



28b is penetrated thereinto easily, but the dianeter of body 10 portion
28a is larger than that of the nounting hole h, to this end, the body
portion 28a of needle electrode 28 is heigl by the nounting hole h, as shown
in Figs. 3 and 5(b). An air hamrer, which is not shown in the draw ng, then
15 applies inpact to the back surface of body portion 28a to be driven
into the nmounting hole h. At this time, the nmounting hole h is deformed by
driving thaiddde pootiessed8aporhépssnBd, 84,that'arkefbomgdpintegnatdlpf
needl e electrode 28 is tightly fixed on the nounting hole h with generation
of resiliefPgebhereyithutneerpdrcefananneghingi porsaons 3RewA2i ASFEhewn4
and 5(c). As described the process above, m ddl e grocessed portions 35,

35, ... havitRgftfe ReedP@P2PELeRblits BRe FHIGER RECSHRIRD i PORFLPNY 34,

Th ft th h, . ' | i to t t | i ded
Chrough  n8%acep BOPALD oAcHBe BEMERGy e CREPcRDS RecTRs, STeckRoRag 28,

| It ugi di LLOG t t al . 1 ddl d
o001, 9 ULOD- L, THES! OB b SST O g ProckERgS,

14 pieces ghothe ?gaﬁﬁﬁhhpﬁnekﬁg%tOgeﬁn395(39;"Ate@ﬁfSB hdd §incecﬁ§§

rectangul arly hollo ongi t ud structure with an I ntegrate

arranged i gigfetey d3#dneedRkebbRdidnCoBYMBrOknBeAdLA1dERI et rBReCOBP, 8
el ectrode 33 as shown in Fig. 6. In the bending process descri bed above,

the punch ematke Shptin€hafnyfbehesaduatiag abdena;ythechasglbapoedionm
type having four flat surfaces corresponding to the shape of deflection
el ectrode 28bi nst penktmgiteddihalkedntecerenlybubuttayghdedinmbtgrbefubedyof
anot her rectangul ar columm type having an
10 portion 28a is larger than that of the mounting hole h, to
this end, the body portion 28a of needle electrode 28 is held

by the mounting hole h, as shown in Figs. 3 and 5(b).

An air hammer, which is not shown in the drawing, then

15 applies impact to the back surface of body portion 28a to be
driven into the mounting hole h. At this time, the mounting
hole h is deformed by driving the body portion 28a thereinto,
so that the body portion 28a of needle electrode 28 is tightly
fixed on the mounting hole h with generation of resilient

20 restitutive force and high friction as shown in Figs. 4 and
5(c). As described the process above, middle processed
portions 35, 35,... having the needle electrodés are formed as
shown in Fig. 4. Thereafter, the punch press process is
applied to the two lines extended through the deep points of

25 triangle notches Ka, Ka,... in the longitudinal direction of
the sheet metal 30 or the middle processed portions 35, 35,...
to be bent in approximately 90 degrees, thereby forming 14
pieces of the deflection electrodes 29, 29,... each having a

rectangularly hollow longitudinal structure with an



acute angle at four edges 36, 36,... or four concave surfaces 10 in the

| ongi tudinal direction, and the top surface of punch is also a concave
surface having four vertexes of the acutggpangles as an enlarged view shown
in Fig. 6, so that the dust collecting efficiency nmay be increases since
the four edges along the rectangular colum can be nmade sharp, which has 15
found in experinent. Referring to Figs. 7 to 9, the'fabrlcatlpn of

mal e-type subtegratéedly SSramgedgiy setiessand oempletief | £otdume cpl ed

el ectrodes 33, 33,... will be described next. 20 As shown in Fig. 7, since
a col urm ofNeRAHE ed%i%¥¢e%mrbrpmqsﬁedeh¢eu¢we33&3ammm 10 Fizess of the
needl e defl ection coupled el ectrodes 23, 23,... is provided for 7 colums

t her eof which are coupled electrically (or equaIIy coupl ed potential), a
< ot o) Y45 SRHEL O IBEEE 8 B i e ot o
30, . are parch ey p%h% .nS oD 4 AN TE T Jaaerpfcﬁ‘ip"”%yg%gbﬁ;v. g
al ternat el ynaFrApaes eetd PALANS, Hordsponaing o A6 ¢ in the

| ongi tudi nal direction for verti orm-™g ons |n t wo

colums. Thae £ Pt @ROrdlictitsr e 2‘91an thef lGH&PtﬁMPﬁaf%‘PJ:é@Q:L&‘?g%t gr%fr 95

engaged with 7 colums of needl e deflection Coupled el ectrodes 33, 3
from the badésimaliey e usBre ofaatothewnre8tbhfguldrUs63ufn Pt P& Shé)chng{
io

conb-type coupling nenbers in approximtely equal intervals. In addi
referring tacHig.amgylsiatcefdatre edges 36, 36,... or four concave surfaces
10 in the longitudinal direction, and the top surface of punch is
also a concave surface having four vertexes of the aeute
angles as an enlarged view shown in Fig. 6, so that the dust
collecting efficiency may be increases since the four edges

along the rectangular column can be made sharp, which has

15 found in experiment.

Referring to Figs. 7 to 9, the fabrication of male-type.
sub-unit body 38 having 7 columns of needle deflection coupled
electrodes 33, 33,... will be described next.

20 As shown in Fig. 7, since a column of needle deflection
coupled electrode 33 having 14 pieces of the needle deflection
coupled electrodes 23, 23,... is provided for 7 columns
thereof which are coupled electrically (or equally coupled
potential), a plurality of comb-type coupling members 39,

25 39,... and rod coupling members (metal rod) 40, 40,... are
fabricated to the 7 columns of needle deflection coupled
electrodee 33, 33,... The comb-type coupling member 39,
39,... are formed by punching a sheet metal to have a profile

plate having alternately arranged teeth portions 41, 41,



el ectrically and nechanically coupl ed arrangenent enhances the 7 col umms of
needl e defl ection coupling electrodes 33, 10 33... , the rod coupling
menbers 40, 40,... are tightly penetrated3dinto the plurality of rod
penetrated holes p, p, ... fornmed on the pair of connecting portions 32,
32, so that the 7 colums of needle deflection coupled el ectrodes 33,
33,... are coupled with electrically and mechanically secured 15 structure
by the peneengdt benddhgt & hnodtheupongd tmdibelsdd@ecsdon. forcurpketahbdyt he
mal e-type sub-unit body 38 having the 7 colums of needl e deflection,
coupl ed el edorsdag the gseth partippaninntwe gcolummsher &k &eetyypprtions
conpl eted ngle-t{pe sub-unit body 38 is_20 incorpor% ed into the outer
case- | i ked frand122 -(FPg. CPBP-EHPEUGRURAIPAsBERPPAG %o?ﬁ? grgegenBt tBhdwn

[ he d ] whi_ch [ h | e- b-uni,t 2 R [

e gl SO LSRR R SRR, LT 100 1
i1l b ' h LI 2 L3 s | sed of

1 LT 0 Gests e el ol ey Sob ¢! Ot oL, Zhod 4 25 ALY of 8

whi ch has slpikeed3ostBonn-¥iybl LoLBI9hE BRBR-ROLH 98BrBiiRatelyexhaaged

froma | ong edge of the pl 32 nearly m e portion~théreof as

shown in FigatekbaaRd 12n £8QiPUOREIrOfcLtofGroderigl |gpl sigse 42he42. .. are
engaged with the other nunber thereof 42, 427...at the slits 43 of the one

i nt ersecti nglektsdcall liyhendt hechahliendligr eouglati agrbnlyesenthehhanseare
formed by engagi ng the one nunber of electrode wall plates 42, 42,... and
t he ot her nghiee? chéduens 4Z, needle deflection coupling electrodes 33,

10 33,..., the rod coupling members 40, 40,... are tightly
penetrated into the plurality of rod penetrated holes p, p,...
formed on the pair of connecting portions 32, 32, so that the
7 columns of needle deflection coupled electrodes 33, 33,...
are coupled with electﬁically and mechanically secured

15 structure by the penetration of the rod coupling members 40,
40, ..., completing the male-type sub-unit body 38 having the 7
columns of needle deflection coupled electrodes 33, 33,... as.
shown in Fig. 9.

Thereafter, such completed male-type sub—unit body 38 is

20 incorporated into the outer case-liked frame 22 (Fig. 16)

through an insulating joint plate (not shown in the drawing),

which constitutes the male-type sub-unit 24,

Referring to Figs. 10 to 15, a manufacturing method of
25 the collector cells 26, 26,... will be described below.
The collector cells 26, 26,... are comprised of a
plurality of rectangularly shaped electrode wall plates 42,
42..., each of which has slits 43, 43... with triangle notch

portions D, D,... extended from a long edge of the plate 42 to



42,..., which are referred to as collector cells 26, 26,..., each of which
houses the needl e defl ection coupl ed el ectrode 23, as shown Figs. 14 and
15. Referring back to Figs. 11 and 10 1232the electrode wall plate 42 al so

has fastening holes q, g,... besides the slits 43, 43,... and each of the
slits 43, 43,... has spines T, T,... along the slit 43 as shown in Fig. 12.
The slits 43, 43,... are fornmed by a punch and die set 15 conprising four

sequenti al eleamjat ed dulla dadtedrpdhemeest & sarshoome itrr iFdrgg .6 lotaghl A@r.t i on
D, for punching a sheet netal 44 of 3 mmin thickness as shown in Fig. 10,
i n whi ch t héns ramsferelodngaectrodal walkeplpbesi 42 i 42 apprang AnaAgedy wibh
|l ong and 1 mm wi de. Such _punch and die set are provided two sets with a 20

predet er mi néd'q M FMERh JEE TP D dal 199, -on &t Base Sidde 4 att (He Sheet

ol T AL S S8 508 e AU i P |

havi tri | t.ch | t [ -1 td irel

oot gnar 24’ B snd &rE) ford W SSMINS bty B, dtipeliolas Yece-ghle 13 Y

one number Qjahlei' gffarr%%e 448 '42p|.at.e%ngiz’th%z’cté’re%‘%qﬂr{ﬂé% @Hé?ﬁd?’@er t her eof
the punc a

produced by h press process escribe ove are easily fitted with
each other afp the trRjARY @AOLEFAHdd ¥ 43 ddLliectdHd ddind v egngaged with

each other at the 33 spines T, T,... It should be noted that an'interval
bet ween a paidctofofspiniesh houbed thd ar@dE o Aledl deilorORDUP1LA il X tide
[err]mand that between a pair of spines T, T of the elongated oval-Iiked

portions S, 23,. .as ishdwr?¥aidser r}dmaasi IS .| . Refierring back to Figs. 11 and
10 12, the electrode wall plate 42 also has fastening holes q,
q,... besides the slits 43, 43,... and each of the slits 43,
43,... has spines T, T,... along the slit 43 as shown in Fig.
12.
The slits 43, 43,... are formed by a punch and die set
15 comprising four sequential elongated oval-liked portions S and
one triangle notch portion D, for punching a sheet metal 44 of
3 mm in thickness as shown in Fig. 10, in which the size of
elongated oval-liked portion is approximately 7 mm long and 1
mm wide. Such punch and die set are provided two sets with a
20 predetermined interval arranged in parallel on a base stage,
and the sheet metal 44 is punched every two slits 43, 43 at
one punch press process in the longitudinal direction thereof,
forming the slits 43, 43,... each having a triangle notch D, a
four elongated oval-liked portions S entirely designated by
25 LS, and four pairs of spines T as shown in Fig. 12. The one
number of electrode wall plates 42, 42,... and the other
number thereof produced by the punch press process described
above are easily fitted with each other at the triangle notch

portions D, D,... and firmly engaged with each other at the



5 addition, an interval between the pair of spines T, T is smaller than the
thi ckness (0.3 mmin thickness) of electrode wall plate 42 by desirably as
much as 3 to 20 pm The length of slit 433may al so set to an approxi mately
“half width of the electrode wall plate 42 in consideration of fabricating
the 10 collector cells 26, 26,... 'The fastening holes q, q,... may be
formed wth the sanme punch press process for formng the slits 43, 43, ..

ext ended fropitée B) iTsS. 43, 143 shouldobehacteliethhbngneilgeepfasheetwemt ad 44
or electrode wall plate 42 in alignnment, distance fromthe other |ong edge
of the 15 pairtobdepiwes Pl df ecB2trbargbemaetchipotpidnst@nihgihd £3p nmay
be approximately the same as the depth of triangle notch portion D, as
shown in Figh and feakerbehdeen FipplnPf speinenhrlcal ioh Hie gkngakrd wal |
20 plates 42, 42,... or the collector cells 26, 26,.... wll _be described
next. A pl P%rITIIkeR RPEEIORUS mat1 - pt at 20 4295 430 as Helly ofifded as a
group and.those of el ectrode |l plates 42,42 ... are ovjded as a
oroup @ TRAGHFE0R, @ SERFENERPTTEHE Trowri® 9F ity b att 100 o 135

degrees 25 o of £LSCGL0GR0OLE: (e SUPRG | 9Tl )n DOENEED Lhe orouns, &
| er of “gra ed T honbus as

and &, t ha? S, @a nu rating- | CelTs are Torne

k o Fi t d
oxternal |y SaLipBRte I e e SLETE MACE 3 PO R0 DRI OARe Mngth

externally app omtwo opposite vertexes of the fabric

in a diagongt sifecizofay alsd SOOPEEtANGapheoOhd €SI P hEet |Wwidh &H.the as
shown in Fig. 15. It is noted that the groups GL and & can easily and
firmy be espegetodé tiiaERChLOtded2 simceon sivdérdEionm obefaweicd tieng pihees
10 collector cells 26, 26,... The fastening holes q, q,... may
be formed with the same punch press process for forming the
slits 43, 43,... extended from the slits 43, 43,... to the
other long edge of sheet metal 44 or electrode wall plate 42
in alignment, distance from the other long edge of the
15 electrode wall plate 42 to a center of the fastening hole q

may be approximately the same as the depth of triangle notch

portion D, as shown in Fig. 12.

Referring to Fig. 13, the fabrication of electrode wall
20 plates 42, 42,... or the collector cells 26, 26,... will be
described next. A plurality of electrode wall plates 42,
42,...are provided as a group Gl and those of electrode wall
plates 42, 42,... are provided as a group G2. The group Gl is
engaged to the group G2 from above at 100 to 135 degrees
25 intersecting angle (or superior angle) between the groups Gl
and G2, that is, a number of grating-liked rhombus cells are
formed as shown in Fig. 14 and a number of square cells are
then formed by an externally applied force from two opposite

vertexes of the fabricated unit in a diagonal direction,



T, Tis smaller than the thickness of electrode wall plate 42 5 by as much
as 3 to 20 [err]m and also, a large force is not required for engagi ng
both the groups A and &. According to tfg fabrication of collector cells
26, 26,..., the 98 pieces of cells are forned in one unit which is 10

I ncorporated into the inner case-liked frane 25, conpleting a femal e-type
sub-unit 27 as shown in Fig. 16. The femal e-type sub-unit 27 and the

mal e-type suomplietti?24 dbhedestilebédrabeliksa?e, i 2Epr porad exhawrt dnt agi.ndér,
and outer 15 case-liked frame 25 and 22 respectively, which are engaged
wi th each otlffed st pogedsthetit the @ngupeo$le@m¢rq2Lnan exsilas aaddfdemly be
collecting unit 21 shown in_Fi t he needl e defl ection coupl ed

el ectrodes £393g8d Witloeashpe eﬁbsﬂﬁ§GCGPPeéP§ﬁr€@ﬂl§eZUeen the spines

26, t I h h t | e defl ect

ol eciodes 33, 138 shafls®chtnehe shiatness o %asﬁatéﬁs'r vl plage o2
th t d that th | e-t

sub un|rﬁ24b§§ngnBVabF3a?r§%??§ ere| Fﬁﬁ@hzﬁg %QF %arc§u§ﬁn§° us%/p

col l ecting %thlgéd'%Okngﬂﬁggégggggkgggh%Sg%%upg'blc%ﬁﬁn%& in which the

needl e defecti'on coupled el aré electrically connected
with the collector cells 26, 26,... so that the needle deflection coupled
el ectrode 23 sets to positive potential while the collector cell 26 sets to

negative potenti ahcedoirififigoper @hkeOfabBeeaysenobst Bo3leatbirgbel11s326¢i r ect
current voltage such as 5to 6 kVis applied to the air cleaner. In such
constructi o2eof. .t.hether 98| phaees dhecellsadré yfofmed in one unit which is

10 incorporated into the inner case-liked frame 25, completing a

female-type sub-unit 27 as shown in Fig. 16.

The female-type sub-unit 27 and the male-type sub-unit 24

as described above are incorporated into the inner and outer

15 case-liked frame 25 and 22 respectively, which are engaged
with each other to constitute a dust collecting unit 21. As a
dust collecting unit 21 shown in Fig. 16, the needle
deflection coupled electrodes 23, 23,... correspond to the
collector cells 26, 26,...respectively in which each of the

20 needle deflection cﬁupled electrodes 23, 23,... are attached
to each of the collector cells 26, 26,... with non-contact
arranged therein. It is noted that the male-type sub-unit 24
is removable from the female-type sub-unit 27.
Such a dust collecting unit 21 is incorporated into an

25 air cleaner in which the needle.defection coupled electrodes
23, 23,... are electrically connected with the collector cells
26, 26,... so that the needle deflection coupled electrode 23
sets to positive potential while the collector cell 26 sets to

negative potential during operation. Because of this, a high



5 deflection el ectrodes 29, 29,... conprising the dust collecting unit 21
as descri be above are forned by punching and bendi ng up a single sheet
metal 30 to produce it integratedly and ¢ nultaneously, enhancing

wor kabi lity and productivity. 10 The needl e el ectrodes 28, 28,

are fixedly nounted on the deflection electrodes 29, 29, ... by the inpact
wi t hout using the brazing work, so that the nounting work of needle

el ectrode A3riectr emmriealtl yodnhgecedchThe Proxi etV e apfplneedite ¢hectiede
28 is inserted and firmy fixed to the front 15 plate portion 29a, so that
the juncti cdead@r.npact resistance of those are renmarkably enhanced.
Referring back to Fig. 15, the pair of spines T, T are forned on the
triangle notch portion D and the elongated oval- 20 |iked portions S,

S, ... onthe slits 43, 43,..., therefore, excgellent fastening effect acts
on the el ectrode RafPCh| GPREEHYCtYoN of T oaanEf%E%ﬁEntt <§i@¥%%%§ﬂ Rpact
resi stapce of..the.collector cells,26,426,... enhances. . Totally,
product'viFﬁf&ﬁS%ﬁgﬁ'€§§F%5P n%?dc?&(?ﬁg EREPZS SaME Eggaﬁgﬁ¥can be

achi eved. . P > ' (o] p Layention
w1l bo deSoiinerind ARiT01 a8, HESRY PR IAROMT dne” £l iR ol ko BRb hTNE

expl anat o un Benaligip0 o7 sTRGAA] sk eRDIRLLA0 SoNenpedubical gt rode on the

defl ecti on el ectrode.” The second enbodi nent different fromthe first
embodi ment integratedly and simultaneously, enhancing workability and
productivity.-

10 . The needle electrodes 28, 28,... are fixedly mounted on
the deflection electrodes 29, 29,... by the impact without
using the brazing work, so that the mounting work of needle
electrode 28 is remarkably enhanced. The proximal end of
needle electrode 28 is inserted and firmly fixed to the front

15 plate portion 29a, so that the junction and impact resistance

of those are remarkably enhanced.

Referring back to Fig. 15, the pair of spines T, T are
formed on the triangle notch portion D and the elongated oval-
20 liked portions S, S,... on the slits 43, 43,..., therefore,
excellent fastening effect acts on the electrode wall plates
42, 42,..., no displacement occurs and impact resistance of
the collector cells 26, 26,... enhances.
Totally, productivity and low cost of manufacturing the

25 air cleaner can be achieved.

<Second Embodiment>
A second embodiment of the present invention will be

described next.



5 is that the needle electrode 45 is fixed to the deflection el ectrode 29
by a caul ki ng manner instead of by the inpact and that the needl e el ectrode
45 has a needle portion 45a, a relatively3ghick portion 45b and a
relatively thin portion 45c instead of having the needle portion and body
portion. 10 Detailed descriptions of manufacturing those are omtted since
the nostly sane nethod in the first enbodiment is involved in the second
enbodi ment, therefigs. flidajabe ¥efcr arcedhageamineticeldesp hama volr wvilivgs.
17(a) to 17(c) as used on Figs. 5(a) to 5(c). 15 The nethod of nounting the
needl e el ectFhrwingg amethod«f aaundiing ddie aRedd®e wlactrodeesy ithed with
reference to Figs. 17(a). to 17§c). In order of fixing the needle el ectrode
45 to the miRffedtpon, $ortions 34, 34, . .. (referring to Fig. 2)

R s R R
ted i ntk _ M AR h OB
hol'd by 8 ton menas R Bl (T ds AT RE S0 ©

el d by 4 SOt .S _
pesd cocentrIe Gl g achr ae KnH. Relfek Ehs tdadl OB P e, b dma

surface of rgld it \ndddle RAMdIHIDLASUVHLD 4 %e(éfdliee?cﬁ_fftifdrprﬂsté‘,e a 37

nmounting hole h, thereby the relatively thin portion 45c is deformed to

form a pl astieliaagidrqiof tihdrekd portioaulsbbngntihge relatively thin portion 45c¢
instead of having the needle portion and body portion.

10 Detailed descriptions of manufacturing those are omitted
since the mostly same method in the first embodiment is
involved in the second embodiment, therefore, the same
reference numerals are designated on Figs. 17(a) to 17(c) as
used on Figs. 5(a) to 5(c). |

15

The method of mounting the needle electrode 45 on the
deflection electrode 29 will be described with reference to
Figs. 17(a) to 17(c).

In order of fixing the needle electrode 45 to the middle

20 processed portions 34, 34,...(referring to Fig. 2) as shown in
Fig. 17(a), the relatively thin portion 45¢c of needle
electrode 45 is inserted into the mounting hole h, edge
portion of which is bent toward the inner side of side plate
290", and the needle electrode 45 is held by a tool which is

25 not shown in the drawing.

Subsequently, as shown in Fig. 17(b), an eccentric
caulking tool 47 attaching to a high speed eccentric caulking
machine 46 is rotatably abutted to the back surface of

relatively thin portion 45c which is projected from the



needl e el ectrode 45 as shown in Fig. 17(c), therefore, the needle el ectrode
45 is no |l onger renoved therefrom 5 According to the second enbodi nent of
the present invention, junction of the nepgdle el ectrode 45 and defl ection
el ectrode 29 is secured by the caul ki ng work, enhancing inpact resistance,
thermal resistance and durability of the 10 apparatus. <Third Enbodi nent> A
third enbodi ment of the present invention will be described with the
reference tmokngingl8pae ho tBéckbylbhki gelatBta)yt thifi(ppraien 45¢c is

di agrammati cal explanatory views showi ng a nethod of nounting the needle

el ectrode 48eformed def formi anpéreticdded2porthent Abed, eadudkimat thef f er ent
fromthe second_enbodinment is that the needle electrode 45 is fixed with

t he brazingnﬁéﬂﬁeZGl?ﬁ§F§§G 8P BResBaWPkiAgFWErk1748) shERATEROPEgsthag(a)
to 18(c). Detai,led ns, of nanufacturlngythose are onmtted since

the nostly S8RE1fef 88 FR F-h Ssé8oRf &RBBAFNERTOVED; RISFGEHRN thi s

enbodi t, therefore, the sane reference 25 nunerals are designated on
Fi gs. ng?a) to 18(c) as used on Figs 17(a) to 17(c). The needl e el ectrode

1
45 is fixed to th | age a. K
ani formity of theepeaEbtaf So°ge asPrpl SrEbaRhaR /0L ThE BREGL
col I ecti on. lﬁbenegeﬁtegﬁheeabﬁdsf4§hbsnééa§e EQeEEEoHEdQBeaﬁaoﬁéﬁfégtion
electrode 29 is secured by the caulking work, enhancing impact

resistance, thermal resistance and durability of the -

10 apparatus.

<Third Embodiment>

A third embodiment of the present invention will be
described with the reference to Figs. 18(a) to 18(c).

15 Figs. 18(a) to 18(c) are diagrammatical explanatory views
showing a method of mounting the needle electrode 45 on the
deflection electrode 29.

The third embodiment different from the second embodiment
is that the needlé.electrode 45 is fixed with the brazing work

20 instead of the caulking work, as shown in Figs. 18(a) to
18(c).

Detailed descriptions of manufacturing those are omitted
since the mostly same method in the second embodiment is
involved in this embodiment, therefore, the same reference

25 numerals are designated on Figs. 18(a) to 18(c) as used on

Figs. 17(a) to 17(c).

The needle electrode 45 is fixed to the front plate 2%a’

by the brazing work, enhancing uniformity of the junction



portion 34, but may be fixed to a conplete unit shown in Figs. 6 to 9, for
exanpl e. 5 <Fourth Enbodi nent> A fourth enbodi nent of the present invention
will be described next. Fig. 19 is a perggective view showi ng a mal e-type
sub- 10 wunit body 48. The fourth enbodi ment different fromthe third
enbodi ment is that electrical and nechani cal couplings between the needle

defl ection coupled el ectrodes 33, 33,... are realized only with the rod
coupl i ng meEednsE Yi@ndd @ tabiliizsttdash aff wsistg ddid et icoanb-type coupling
menbers 39, 39, ... in manufacturing process of the nmal e-type sub-unit 48,

referring tIheFingedd engilegtizodsr i digsIfixeds F0 Hde rHedlearrogessiedct ri cal
and nechanical_couplings can be ohtained fromon]y penetrating the rod

coupl i ng mAMFEICMEA 4HuUL may bg EhEedehetd LIRS it ShPWh 1D Figsened
on the conggq%%gg gprtions 2, 32, making fabrication work sinple and
reduci ng t e er- 9%t SP8®eSses. The conb-type coupling nenbers 39, 39, ..
may al sp be used for realizing the electrical and nmechani cal coupling

i nstead”of using the rod coupling nmenbers 40, 40,... 25 <Fifth Enbodi nent >
A fifth emqdjmpt EHE&#$&eB&§Se”t i nvention will be described next. Fig. 20
IS a perspective view show ng two-colum of 39

A fourth embodiment of the present invention will be
described next.

Fig. 19 is a perspective view showing a male-type sub-

10 unit_body 48,

The fourth embodiment different from the third embodiment
is that electrical and mechanical couplings between the needle
deflection coupled electrodes 33, 33,... are realized only
with the rod coupling members 40, 40,... instead of using the

15 comb-type coupling members 39, 39,... in manufacturing process
of the male-type sub-unit 48, referring to Fig. .8 which is
previously described, so that the electrical and mechanical
couplings can be obtained from only penetrating the rod
coupling members 40, 40,... into the penetrating holes p,

20 p,... formed on the connecting portions 32, 32, making
fabrication work simple and reducing the number of processes.
The comb-type coupling members 39, 39,... may also be
used for realizing the electrical and mechanical coupling
instead of using the rod coupling members 40, 40,.

25
<Fifth Embodiment>

A fifth embodiment of the present invention will be
described next.

Fig. 20 is a perspective view showing two-column of



needl e defl ection coupled el ectrode 49. The two-colum of needl e defl ection
coupl ed el ectrode 49 conprises two of needle deflection coupled el ectrodes
33, 33 (Fig. 6) coupled by a colum comﬂdrm pi ece 50, each of the 5 needle
defl ection coupled el ectrodes 33, 33 is forned by punching and bending up a
single sheet netal, as described in the first enbodinent. M (integer of 3
or nore) nunber of needl e deflection coupled el ectrodes 33, 33,... nay be

coupl ed bynbkdald adFbDertiBnobotpleanetosptbag pbeces 50, 50,..., making a
mul ti-columm arrangenent in one unit. <Sixth Enmbodi nent> A sixth enbodi ment

of the preghet twoveolumn ofl heb@ldSddesectben oeupledli gle@trogdead?

di agrammati c sectional view show ng a structure of a black snoke renoving
appar at us tompbisesl| teagofichseékXbadsfledhiobl actpiedkelectnodayg Appadat us
conprises two dust 20 collecting units 21, 21 nounted on an exhaust pipe 63
of a Di esellFégigi At cpupieddbyedi epdump conpbingaprbeaekd8norecksof nthe
exhaust_ 64, each of the dust collecting units 21, 21 is already described

i n the Srebfddieydesprarien EﬁBBH?ﬁEﬁ%%CE§°@85h%3wt%éy1§r§°5¥%éu%%d and
fabri cated. e case _of ,thjs epbodi nme t he geedlivelectrode

25, . h , L
45 shoul o BBAERARE,ABE PPREIECIPHE FiBHLS PRt S9FRL+ | aByder PREPSR HiP
| npact or %Hg gggggiggbggiﬁeﬁg ensure thermal resistance and durability.
40 :

M (integer of 3 or more) number of needle deflection
coupled electrodes 33, 33,... may be coupled by M + 1 number
10 of column coupling pieces 50, 50,..., making a multi-column

arrangement in one unit.

<Sixth Embodiment>
A sixth embodiment of the present invention will be
15 described next.

Fig. 21 is a diagrammatic sectional wview showing a
structure of a black smoke removing apparatus for Diesel
engine's exhaust.

The black smoke removing apparatus comprises two dust

20 collecting units 21, 21 mounted on an exhaust pipe 63 of a
Diesel engine operated vehicle to collect a black smoke 65 in
an exhaust 64, each of the dust collecting units 21, 21 is
already described in the previously explained embodiments as
to how they are produced and fabricated.

25 In the case of this embodiment, the needle electrode 45
should desirably be fixed to the front plate 2%a' by either
the impact or the caulking work to ensure thermal resistance

and durability.



According to the enbodi nents descri bed above, the nunber of needle
defl ection coupl ed el ectrodes 23, columms of needl e deflection coupled
el ectrodes 33, conb-type coupling nenbesg 39, and collector cells 26 nay be
changed in accordance with a 5 scale of the apparatus. The shape of col ums
of needl e deflection coupled electrodes 33 may be changed to an application
dependi ng on size and design. A single needle deflection coupled el ectrode
23 may be produdetdrdimgnctiol theaerbbdimenysadssoglked hastverettdie nilimbegshape
of needle 10 deflection coupled el ectrode 23 may be made not only a
rect angul 2§ ynegsiloWedaptian waupdiedglatingesalse £alummsgdifanegdiel | ow
| ongi tudi nal structure. A hamrer nmachi ne_nmay be used for caul king_the
rel ati vel Y&Ri§F PR iR iSIQEFPITS A n IR BYiRFh Cyedd ngc BERDeES
caul ki ng hi ne, 46.. .15, The st ,collecting unit 21 may be. used f.qr not
onl'y the BTGB ToheR LEBhaN R ARpaPaPas Db TAEC (Ho RacTEaATaR MR, B
renovi gg r at d tric d ol legt i pRar in a

89 LGP e iagar%{aﬁ!aet%s ghe Hﬁhgg %sr‘geséi{lﬂné 8¢ ﬂ&gglé

factory. Us appar ent resent i nveéntion is not

limted t éﬂ%ga'dng] 318 éﬂ&%dﬂy@'fied wi t hout
departi ngq%érfoﬁrﬁ(?ﬁgﬁgcop ;gnd stﬁ%rlt c??’a%éri%}%g%?%n. 25 an Finally,

the pr ?SGrEop dtGn HepdrRliffy (i 1Ay fsidpPangsgikiglenhedgpbi cation
No. Hei 9-70493 filed March 7, 1997, which is herein incorporated by

ref er ence.deflelfiion Toupligteklettrbde AB elaBClvd praithicerhdidye ghundthidgpar at us
including at | east one needl e electrode for charging floating particles in
air by and bending a single sheet metal. The shape of needle
10 deflgction coupled electrode 23 may be made not only a
rectangularly hollow longitudinal structure but also a
triangularly hollow longitudinal structure. A hammer machine
may be used for caulking the relatively thin portion 45c¢
instead of using the high speed eccentric caulking machine 46.
15 The dust collecting unit 21 may be used for not only the black
smoke removing apparatus, but also used for an oil-mist

removing apparatus and an electrical dust collecting apparatus

in a factory.

20 It is thus apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the sdope and spirit of the

invention.

25 Finally, the present application claims the priority of
Japanese Patent Application No. Hei9-70493 filed Marxch 7,

1997, which is herein incorporated by reference.



5 genérating corona discharge around needl e points; at |east one collecting

el ec | n cell-liked arrangenent corresponding to the needle
el ecm Pgﬂ[ﬂﬁ“ &Hf&cti ng and col |l ecting t&he charged floating particles by
an elec i e; and at | east one é flection el ectrode having a 10

rectangul arly holl ow | ongitudinal structure conprised of a front plate
portion and side plate portions and fixed the needl e el ectrodes on the
front plate portiopn, for app|lying a deflection force to the charged

fl oating parﬁ#%?e%st%lﬁﬁ@%gtbghrd the coll ecting el ectrodes by a potenti al
applied from15 the side plate portions, wherein the at |east one

defl ection el ectrode having the rectangularly holl ow | ongi tudi nal structure
i s obtained IromAnerdiendrd cpduisit! ecpllateipgnabedrapua thedudimtabtbyeast
predet ermi ned punch press process. 20 2. An electric dust collecting

appar at us i rereidierdle mliaciinade Ffomebddirginbefiretiénof parthatgs nin faioatiyng
particles in air by generating corona discharge around needle points; a
plurality of9eRe¢ratingrexpnacdistande proyas peedileeRointss ebrieagormience
with the res$e i ve, need| e elgitrodesd for attracting and collecting the

charged fl oat? ORY c§ RCHEPGH REISEIIYS 1R i S Hor e QrRF A HIRANG ty of
def oot on skeelegdsT, arh bon Adestaa sty Pl eralid el
C2 | LS RS L Sold R 000 LB RS P e
force; and at least one deflection electrode having a
10 rectangularly hollow longitudinal structure comprised of a
front plate portion and side plate portions and fixed the
needle electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collecting electrodes by a potentiél applied from
15 the side plate portions, ﬁherein
the at least one deflection electrode having the
rectangularly hollow longitudinal structure is obtained from
bending a profile plate punched up a sheet metal by a
predetermined punch press process.
20
2. An electric dust collecting apparatus including a
plurality of needle electrodes for charging floating particles
in air by generating corona discharge around needle points; a
plurality of cell-liked collecting electrodes provided in
25 correspondence with the respective needle electrodes,-for
attracting and collecting the charged floating particles by an
electrostatic force; and a plurality of deflection electrodes
each having a rectangularly hollow longitudinal structure

comprised of a front plate portion and side plate portions and



to collecting el ectrodes by a potential applied fromthe
sidgﬂnﬂﬂfgni ﬂ E Lmherein 5 predet er mi ned nunber of defl ection
el ect# 0 L d into either severgp units or a single unit, each of

the units has N (integer of 2 or greater) nunber of deflection electrodes
each having the rectangularly hollow | ongitudinal structure coupled with a
connecting portion therebetwen; and 10 the rectangul arly hol | ow

| ongi t udi ndlixstd wiieu needdee edleicinoee sf omthepfaiinite plladiee pourtdload fpra
sheet netal and bent to formthe side plate portions and front plate potion
by a punch 3prdssing écdefleaidioabforice tec tieg¢haxiaedhdilicgwingn gergdcigs
structures are arranged wth a three-dinensional 15 integrated piece

fabri cat ed.t3 moNe &oderd theusoldStdag fdessFcesudYade BRFERFIE3 ¢l ai m 2,
Foct angul arBPTed GEO e SiiieaP Lata BORE P o RBSHRLE 20° are coupl ed

hol I'ow Pongi t udi RAEa8ResEE R RGRREL A8 Be UL A0R 8106t B5ar 8 It BtolRetney
ot 1 on' 95 L5 R et ¥Rirall urlil, e oD gl BT aRAE o ! e 5 ©
ongi tudi nala S UakiEEgeraLe 9 LANGed atRrSChib el T Hag1ldbkaen di mensi onal

integrated piece fabri‘cated. 4. An electric dust collecting apparatus
accordi ng tel edtdicdes edzh3hawhieeithe! ket amdier16f Qe dehlhatiidenal

el ectrodes each having the rectangularly hollow | ongitudinal structure in
one structure coupled with a connecting portion therebetween; and
10 - the rectangularly hollow longitudinal structures are
obtained from a profile plate punched up a sheet metal and
bent to form the side plate portions and front plate potion by
a punch press process, thereby the rectangularly hollow

longitudinal structures are arranged with a three-dimensional

15 integrated piece fabricated.

3. An electric dust collecting apparatus according to claim .
2, wherein N number of group deflection electrodes each having
the rectangularly hollow longitudinal structure in one unit
20 are coupled with the connecting portion therebetween, and
wherein
the rectangularly hollow longitudinal structures are
obtained from the profile plate punched up the sheet metal and
bent to form the side plate portions and front plate portion
25 by the punch press process, thereby the rectangularly hollow
longitudinal structures are arranged in series with the three-

dimensional integrated piece fabricated.

4. BAn electric dust collecting apparatus according to claim



unit ar mnth the connecting portion therebetween, and wherein 5
t he recﬂm@ﬂg}:ﬂ UM{” | ongi tudi nal structures are obtained fromthe

profile the sheet netal ggd bent to formthe side plate
portions and front plaie portion by the punch press process such that two

connecting portions are opposite to each other after bending, thereby the
10 rectangularly hollow |l ongitudinal structures having a predeterm ned

i nterval ar e, amhngst ithesar inREnbeirt bl kg dup eefldictdns elaictirdidesr aked
‘piece fabricated. 5. An electric dust collecting apparatus according to
claim 15 4 hashereithd heateagivd agllgr hroddesw doagitnaiged et rsglrsicentinabhy
central positions on each of the front plates of the deflection el ectrodes
in al i gnmentuniec axe epupledcwitibt tikel terneeihinpmartion fhesehatyacs claadm
20 2, wherein the N nunber of deflection electrodes each having the
rectangulaHWPQﬁﬂq%wvIongitudinal structure in one unit are coupled with

fEﬁgff ud ﬁ%l ngé Lt gee %ereﬁﬁ%ﬁaeaﬂﬂ%ebﬁg%s Fypipetypirde dﬁ?ﬁgglel&%:évp the
25

lf)orete ito?f:ﬁ? d Faifiven, 2eoin bR BEHELT8, RefEppEhenlobh e Pt Hheslh 58 |

ong! L udi nalucsit U s, 348 AR I EleR N IdRrkhLagy igeasiana

integrated pilece bricate erel I nteger grea nunber
of units hayynaHuNch p‘Has%U cefs RN Hhia®N t8lce HonRdRs idige mg)@':@!(.bﬂ%d

and coupl ed through the Connecting portions, thus Mtines N nu
are opposite to each other after bending, thereby the
10 rectangularly hollow longitudinal structures having a
predetermined interval are arranged in series with the three-

dimensional integrated piece fabricated.

5. An electric dust collecting apparatus according to claim
15 4, wherein the needle electrodes are arranged on substantially
central positions on each of the front plates of the

deflection electrodes in alignment.

6. An electric dust collecting apparatus according to claim
20 2, wherein the N number of deflection electrodes each having
the rectangularly hollow longitudinal structure in one unit
are coupled with the connecting portion therebetween; wherein
the rectangularly hollow longitudinal structures are
obtained from the profile plate punched up the sheet metal and
25 Dbent to form the side plate portions and front plate portion
by the punch press process, thereby the rectangularly hollow
longitudinal structures are arranged in series with the three-
dimensional integrated piece fabricated; and wherein

M (integer of 2 or greater) number of units having the N



deflect| odes are provided. 5 7. An electric dust collecting
appar at ME HH'(H'RI aim®6, wherein the N nunber of deflection
el ectro he rectangul arly,hol | ow | ongi tudinal structure in

one unit are coupled W th the connecting portions therebetween; wherein the
rectangul-arly hollow | ongitudinal structures are 10 obtained fron1the
profile plate punched up the sheet netal and bent to formthe side plate

portions amghblerolt dledlecpabhl eneky rbde spureh pRovsderr aaas&oupheteby the
rectangul arly hollow | ongitudinal structures are arranged in series with

t he t hr eethdiomgrhs ithealconneegiage gopitdoa sf, althusaMe dimasd N\whenmberr % M
(integer of 2 or greater) nunber of units are provided and coupl ed through
(M + 1) ndefdecsionoriectiregeporticopsovilies.-M ti mes N nunber of defl ection
el ectrodes are provided. 8. An electric dust collecting apparatus according
to claim20 7, wherein the needle el ectrode having a needle portion and a

body p rtlon S prOV|ded on each of the front plate portions of the'
defi ec eI R rAREE e rd Sl et Ll @F BERY RRP IR S r%chfb‘F%‘sn%p Graim
substant| centralpgogtlon of t ate

Saon of' e BhErhrrrBol' nRfdt Ble el 38R LoREs: <300 ﬁ%ﬁéﬁé” 2®
ol et r ode cAgLag ioh 8,y Rk 1698l £L9RLAOLE Rl el 9 braTbe [ on

pI ate portion C dust CO ect g apparatus accor 0 claim

7, wherei '&rbhéoﬁﬁﬁghewftﬁ%ﬁé’%ﬁ}?éfétaﬂqi ﬁ@@@h&&%@:@%&% rf‘v?@?:b!ﬁ'

thln body portion and relatively t body portion i n or er I xed
nmount ed omheaglecebnyiieaki9nhonhawe 1Bagliktaasnal theuvdelirest keB electrodes

wher e needl e el ectrode
10 obtained from the profile plate punched up the sheet metal and
bent to form the side plate portions and front plate portion
by the punch press process, thereby the rectangularly hollow
longitudinal structures are arranged in series with the three-
dimensional integrated piece fabricated; and wherein
15 M (integer of 2 or greater) number of units are provided

and coupled through (M + 1) number of connecting portionms, -

thus M times N number of deflection electrodes are provided.

8. An electric dust collecting apparatus according to claim

20 7, wherein the needle electrode having a needle portion and a
body portion is provided on each of the front plate portions
of the deflection electrodes where needle electrode mounting
holes open at a substantially central portion of the front
plate portions, and wherein

25 each of the body portions are engaged and tightly fixed
to the needle electrode mounting hole with the needle

electrode projected from the front plate portion.

9. An electric dust collecting apparatus according to claim



——

5 nDuntlng holes open at a substantially central portion of the front plate
port| each of the relatively thin body portions of the needle
el ect g/;/ into the needl e glgectrode mounting hole froman

out si de of the ate portion and caul ked from an inside of the front
pl ate portion. 10 10 An el ectric dust collecting apparatus according to
claim?7, wherein the needle el ectrode having a needle portion and a

rel ativel y7t hivhebeily PRéthesdasdebettlalié VRAYiADI §knbedYe PP6EL DN | An@raler
is fixedly nmounted on each of the front plate 15 portions of the deflection

el ect rodesrehetévedpdtbirl botlyogertbaont ang aotekabpeelntthickhseamti al |y
central portion of the front plate portions in which each of the relatively
thin body pertionsinforder neediixesdlatmouded on eacht of theofrort ekate

el ectrode mounting hole froman outside of the front plate 20 portion and
fixed to tﬁerﬂ@m 9ﬁaﬁ@epeiaﬂeﬁtbgnaebe@%m%efo‘rﬂh%re 1r1ee%ee¢£%@?md%|ust
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portion and side plate portions and fixed the needle el ectrodes on the
front platgopeibhoindf@dubpdd Ve &an inside of the front plate portion.
10
10. An electric dust collecting apparatus accordind to claim
7, wherein the needle electrode having a needle portion and a
relatively thin body portion and a relatively thick body
portion in order is fixedly mounted on each of the front plate
15 portions of the deflection electrodes where needle electrode
mounting holes open at a substantially central portion of the
front plate portions in which each of the relatively thin body.
portions of the needle electrodes is inserted into the needle
electrode mounting hole from an outside of the front plate

20 portion and fixed to the front plate portion by a brazing

joint.

11. An electric dust collecting apparatus including a
plurality of deflection electrodes each having a needle

25 electrode for charging floating particles in air by generating
corona discharge around needle points; a collecting electrode
provided on cell-liked arrangement corresponding to the needle
electrodes, for attracting and collecting the charged floating

particles by electrostatic force; and the deflection electrode



deflection force to the charged floating particles to nove 5 toward the
collefﬂ”'ﬁ “ by a potential applied fromthe side plate portions,
wher e uﬂ nﬂu"ﬂ Eﬂﬂctrode is made up of a stainless steel, and wherein a
needl e*poftibn thereoef is applied by a ni‘&el plating 10 of 2.to 10 [err]m

thick. 12. An electric dust collecting apparatus according to claimb5,
wherein the plurality of group electrodes are integratedly provided and

coupl ed wit . pal ' Lt ; [ e .

el ectrodes gﬁg%ﬁg %rxggn éipE HﬁLgf&ggthr%gr}gwg?%ﬁaggﬁégfmgfégg}l{:ggfgoﬁggi & ?%des
arranged inggegi L8on NSy Sid - Qe LAG+R! Bhhkk bhsOkndr

el ectrodes gre neéﬁénica yggﬁgﬁgﬁgg?$%§g1eybbouglgg k?tﬁsa Blu?gf??yt%ﬁ
conb-type cpupliadelBELLbGes b YHEr £ion€0plate potPeoR) Utdti d¥pPiing a
conb-type coupling nenbers are mechanically.and electrically engaged with
the pair ofdefébeetiongfppcei bosthdchdbgel ecloatinyspacoittesi bg meppar at us
according to claim25 5, wherein the plurality of group el ectrodes are

i nt egr atSed| powavdi the anlllectuphgedeecbradesibyod pobertiahgappliednframd
fixed the needle electrodes on the front plate portions of N nunber of

defl ecti on EhecsideeBlate ap@ellioms seWheseirnd wherein 47 the plurality

of group electrodes are nmechanically and el ectrically cqupled by rod
coupl i ng menbers %ﬂ%ﬁjQMﬂ9§§9§§pFPn§aﬁ8I%ﬁ YordmsFadRless s5RRLctIRY

portions mﬁtg a_,
wherein

a needle portion thereof is applied by a nickel plating

10 of 2 to 10 pum thick.

12. An electric dust collecting apparatus according to claim
5, wherein the plurality of group electrodes are integratedly
provided and coupled with a pair of connecting portions and

15 fixed the needle electrodes on the front plate portions of N
number of deflection electrodes arranged in series; wherein
bottom parts of the plurality of group electrodes are
mechanically and electrically coupled with a plurality of
comb-type éoupling members; and wherein

20 the plurality of comb-type coupling members are
mechanically and electrically engaged with the pair of

connecting portions.

13. An electric dust collecting apparatus according to claim
25 5, wherein the plurality of group electrodes are integratedly
provided and coupled with a pair of connecting portions and
fixed the needle electrodes on the front plate portions of N
number of deflection electrodes arranged in series; and

wherein



pr edet ey i pened, thereby the plurality of group 5 el ectrodes
are fi jelmnﬁm”rﬂllﬂﬂﬂemmpl I ng menbers in a conplete piece. 14. A nethod of
manuf acturing tanxel ect¥1 c dust collectingg@pparatus including at | east one
needl e el ectrode for charging 10 floating particles in air by generating
corona di scharge around needl e points; at |east one collecting el ectrode

provi ded on cell-liked arrangenment corresponding to the needl e el ectrodes,

for attracting angneobheghingyt be ghaugedibkeabideg Baet mekBanbyally and
el ectrostatic force; and at |east one deflection 15 el ectrode having a

rect angul ar ley. etddiewl1gn gictupdiena b ys triodic icoug 1d agp membe raf pankertaated dheo
portion and side plate portions and fixed the needl e el ectrodes on the
front pl at e geoptliiony, hiodre safioirpiedg oa défel ecnnertiogepordivne etidhged
floating particles to nove toward the collecting el ectrodes by a potenttal
20 appl i ed Presfetieamings ﬁméﬁévpérppﬁﬁ§ﬁrtﬁ@eﬁﬁgﬂbﬁh@oﬁéﬂﬂﬁéétWh@fsgépgpof:
appl ying_a pynch press process to a sheet netal to obtain a profile plate
of rectaﬁgu@§QQFQQﬂeFoﬁrﬁoﬁb??gdPMth§t?%@t?ﬁ%ﬂﬁlﬁﬂﬂF%ﬂ?ers 1n aERAPA§ tehe
profile plate along in a longitudinal direction of the plate to form side
pl ate porti§ﬁ§c§nd front plate portion nmade up of a rectangularly holl ow

| ongi tudi nal structure, thereby formng the at | east one defl ection

el ectrode. 15. A method of manufacturing an electric dust collecting

apparat us i ngl udhnge8nBhUbR! mhduBhcPREPhE ghesitedescighsehabgisgrihgating
particles in air by generating corona

apparatus including at least one needle electrode for charging

10 floating particles.in air by generating corona discharge
around needle points; at least one collecting electrode
provided on cell~-liked arrangement corresponding to the needle
electrodes, for attracting and collecting the charged floating
particles by electrostatic force; and at least one deflection

15 electrode having a rectangularly hollow longitudinal structure
comprised of a front plate portion and side plate portions and
fixed the needle electrodes on the front plate portion, . for
applying a deflection force to the charged floating particles
to move toward the collecting electrodes by a potential

20 applied from the side plate portions, the method comprises the
steps of:

applying a punch press process to a sheet metal to obtain

a profile plate of rectangularly hollow longitudinal
structures; and

25 bending the profile plate along in a longitudinal
direction of the plate to form side plate portions and front
plate portion made up of a rectangularly hollow longitudinal
structure, thereby forming the at least one deflection

electrode.



5 di scharge around-needl e points; a plurality of cell-liked collecting

electrg ' I n correspondence with the respective needl e

el ectr mmm:r'!ggﬂﬁ ng and collectin he charged floating particles by
el ectrostatict A a plurality of 8% | ection el ectrodes each having a
rectangularly 10 hollow | ongitudinal structure conprised of a front plate
portion and side plate portions and fixed the needl'e el ectrodes on the
front plate portion, for applying a deflection’force to the charged

floating particles to nove toward the collecting el ectrodes by a potenti al
applied frowpl5 AtietisddicoPlndren Rordu ey 4 ee Yed thork chnet | &Sl ddieisg eps
of : determ ning predeterm ned nunber of deflection electrodes into either
several uni apparagusi bgtiudbny, acpthralitheofinnésdbaseNeétndbdgerfot 2 or
greater) number of deflection el ectrodes each having the rectangularly

hol | ow | ongchadghay 2boatingcparticbepl 2 airhby generating poronan

t her ebet ween; punching a single netal plate to_have a profile_plate of the
rect angl ar A} SEBRre® AspundudcndlespeiBtared BiBrabibyned FedhThikedfile

pl ate punched_up a,sheet netal; and bending the profil |late,to formthe
rectangularF?légCtﬁBFIEQPFBﬁﬁg?EdPHSVlg?Qu PuF@ggﬁﬁﬁﬂnﬁﬁgFﬁgwfﬁﬁ th%e plate
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10 hollow longitudinal structure comprised of a front plate
.portion and side plate portions and fixed the needle
electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collecting electrodes by a potential applied from
15 the side plate portions, the method comprises the steps of:
determining predetermined number of deflection electrodes:
into either several units or a single unit, each of the units
has N (integer of 2 or greater) number of deflection
electrodes each having the rectangularly hollow longitudinal
20 structure coupled with a connecting portion therebetween;
punching a single metal plate to have a profile plate of
the rectangularly hollow longitudinal structures are obtained
from a profile plate punched up a sheet metal; and
bending the profile plate to form the rectangularly
25 hollow longitudinal strﬁctures each having the side plate
portions and the front plate portion by a punch press process,
thereby the rectangularly hollow longitudinal structures are

arranged with a three-dimensional integrated piece fabricated.



and bend the profite-plate to formthe rectangularly hol low 5 | ongit udi nal

struct h having the side plate portions and the front
pl ate mmmm"m#ml mft h the connecti n% portions therebetween by a punch
press proceésst N nunber of deflettion el ectrodes each having the

rectangul arly hollow | ongitudinal structure in series are 10 arranged with

a three-dinensional integrated piece fabricated. 17. A nethod according to

claim 15, wher ek ind HeoPUUEHs RSl OLESELADR! 125 itk 4dith SIS piiRiialng 0 have

the profile plate of N nunmber of rectangularly hoIIOM/longltudlnaI

structuresptbcasd bppuiiebetpr ehil ehpkat fetalf ebnhbobe thet ppgoiael yihed! ow
| ongi tudinal structures in series each having the side plate portions and

the front pfaNenpmberoofcoaptedguibthlyhhotbowetbhgtpdinabssthecthesseen by
a punch press grocess, t hereby the rectangularly hollow | ongitudi nal
struct ur es@aflebgpdathangedfihesplate Wt iormethhr cectangniavhyl hobiegr at ed
pi ece fabricated; and_wherein M nunber of units having the N nunber of

def | ecty onlengéthedralapErPrEbUrasdinnaesdapl eachnhavghgt heecshecplage

portions, thu i nt ger of 2 or greater) tines N unber of 25 the
deflectlonPQFE&Ppédég aFBepﬁ59PHeHga§8 P 27?‘%\’5?1”:08°’6¥’ REntEERt BREng an

el ectric dust_co
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el ectrodes provi In corresponaence res EC Ive nee

electrodesreéeaneaiaaﬁyl391§89 EBthEEHEHaEh§tEHéEG€Q {hogbi0gsParsicles by

el ectrostatic force;
10 arranged w1th a three-dimensional integrated piece fabricated.

17. A method according to claim 15, wherein the punching
process applies to the sheet metal to have the profile plate
of N number of rectangularly hollow longitudinal structures
15 and bend the profile plate to form the rectangularly hollow
longitudinal structures in series each having the side plafe
portions and the front plate portion coupled with the
connecting potions therebetween by a punch press process,
thereby the rectangularly hollow longitudinal structures are
20 arranged in series with the three~dimensional integrated piece
fabricated; and wherein
M number of units having the N number of deflection
electrodes are provided and coupled through the connecting
portions, thus M (integer of 2 or greater) times N number of

25 the deflection electrodes are provided.

18. A method of manufacturing an electric dust collecting
apparatus including a plurality of needle electrodes for

charging floating particles in air by generating corona



5 plurality of deflection electrodes each having a rectangul arly hol |l ow

| ongi ' conprised of a front plate portion and side plate
porti mmﬂmylm’&gﬂ‘ﬂm needl e el ectrodes (gn the front plate portion, for
appl yi Rg a de s force to the charg% floating particles to nove 10
toward the collecting electrodes by a potential applied fromthe side plate

portions, the nethod conprises the steps of: providing the needle

el ectrodes [ e (] AR an ' ROT T : A a
daachahaw a&o%nahﬁ@hm@ g}ol%s, d ﬁﬂaeﬂllegohffge%gntﬂh)eebag

punch press process to a sheet net to have'a 15 p

def | ecti on celigeictases el tiodieRd presdiedeliac toede spouaente kalkastha
di aneter of which is smaller than that of the body portion, at a

subst ant i aldeppeettivel needlieorlettirbaek!, ofborphateapttingoand andlessenti ng

the needl e electrodes into the needl e el ectrode 20 nounting hol es by

appl yi ng arthenshetrged tfheatded pasitécilesdby electiraskasfict ferteontangl at e

whil e bending the profile flate along in a longitudinal direction to form

t he def?decPilowradi&yt pdddeflenbienyel eetredels carht Masing & Kechapgréarly

el ectrode is pr%jected fromthe front plate portion and the body portion 25
e

of the neediOd@MecPRIAEUINALgRLFPCIIFE) CORPERESHeldl 8 &FOBEr BdétRount i ng
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Wth the gefjection force to the charged floating particles to move

10 toward the collecting electrodes by a potential applied from
the side plate portions, the method comprises the steps of:

providing the needle electrodes each having a needle

portion and a body portion;
applying a punch press process to a sheet metal to have a

15 profile of the deflection electrodes:
providing needle electrode mounting holes, a diameter of
which is smaller than that of the body portion, at a
substantially central portion of the front plate portions; and
inserting the needle electrodes into the needle electrode

20 mounting holes by applying an impact to the needle electrodes
from back of the front plate while bending the profile plate
along in a longitudinal direction to form the deflection
electrodes, thereby the needle portion of the needle electrode
is projected from the front plate portion and the body portion

25 of the needle electrode is tightly fixed on the needle

electrode mounting holes.

19. A method of manufacturing an electric dust collecting

apparétus including a plurality of needle electrodes for



respective—heedle el ectrodes, for attracting and collecting 5 the charged

floatigwmf ' el ectrostatic force; and a plurality of deflection
el ectrod ﬂ Wﬂ"t rectangul arly hg | ow | ongi tudi nal structure
conmprised 6f & fwo te portion and si"de plate portions and fixed the

needl e el ectrodes on the front plate portion, for applying a 10 deflection
force to the charged floating particles to nove toward the coll ecting

el ectrodes eagqgg%eg%ég%jf%@%é@gg%gnﬁp%% ﬁ%éﬁ P94 Wrordre met hod

conprises t I ng the nee rodes edach having a

needl e - pordi$chatgd ed Ll veddl & odiatlys PU tpNir Ak @ dladlimealkddi n 15
body portion; applying a punch press process to a sheet netal to have a
profile of ¢dEleetinmgteDacietadds qshesyidedVvirdi dgr rensbredeai o twictte teunt i ng
hol es, a dianeter of which is smaller than that of the relatively thick
body 20 porréspedtivermeedle tdiectiadesf fdw aimadtigly ard rcdddctgorg i on,
at a substantially central portion of the front plate portions; inserting
the rel &ively ehargeddidl parindeaniicles fe@ledireiraides fonce it matheed e
el ectrode mounting holes froman 25 outside of the front plate portion
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electrodes on the front plate portion, for applying a
10 deflection force to the charged floating particles to move
toward the collecting electrodes by a potential applied from
the side plate portions, the method comprises the steps of:
providing the needle electrodes each having a needle
-portion, a relatively thick body portion and a relatively thin
15 body portion:;
applying a punch press process to a sheet metal to have a
profile of the deflection electrodes:;
providing needle electrode mounting holes, a diameter of
which is smaller than that of the relatively thick body
20 portion but greater than that of the relatively thin body
portion, at a substantially central portion of the front plate
portions;
inserting the relatively thin body portions of the needle
electrodes into the needle electrode mounting holes from an
25 outside of the front plate portion while bending the profile
portion along in a longitudinal direction to form the
deflection electrodes; and
caulking the relatively thick body portion from an inside

of the front plate portion, thereby the needle electrocde is



appar at uS T mictuding-a plurality of needle electrodes for 5 charging

floati i i n air by generating corona discharge around needl e
poi nt srml’?ﬁmy! ﬂg ”mLcel | -1i ked coll eﬁéi ng el ectrodes provided in
correspondaen i Me respective need el ectrodes, for attracting and

collecting the charged floating particles by electrostatic force; and a 10
plurality of deflection electrodes each having a rectangul arly holl ow

| ongi t udi ngy raict f¥gﬁgi§¥#k f ront . ol | O | te
portions Qlfr?llci“?‘scli xde&gl %lffg need e eégtpr%rd{els&gncft)h@%r%ﬁép%%p%o%%r@éﬁor
applying a deflection force to the charged floating particles to nove 15
toward the collecting el ectrodes by a potential applied fromthe side plate
portions, 20 @ehedtiodoE maas fialae ustiers adf elpotriidi kysttheoldediténg

el ectrodes each having a needle portion, a relatively thick body portion

and a rel appatatuhiimdotinpra ipiyrZ0ity of negpleielectpedash fowrss
process to a sheet netal to have a profile of.the deflection el ectrodes;
provi dbng hardine| Baatidy mariaehoesain i grneratinguterena sl |l er
than that of the relatively thick body portion but, greater than that of the
rel ati vel yAA$FRATARIATOANO MeQHH e RO EUDA MEVEA LR it re8 1 porei%h of the
[ront P ete RLLLANS: ] ARSILA0 LIS T el S Vel LI bod PLidionn Of the
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the charged floating particles by electrostatic force; and a
10 plurality of deflection electrodes each having a rectangularly
hollow longitudinal structure comprised of a front plate
portion and side plate portions and fixed the needle
electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
15 toward the collecting electrodes by a potential applied .from
the side plate portions, the method comprises the steps of:
providing the needle electrodes each having a needle
portion, a relatively thick body portion and a relatively thin
body portion; '
20 applying a punch press process to a sheet metal to have a
profile of. the deflection electrodes:
providing needle electrode mounting holes, a diameter of
which is smaller than that of the relatively thick body
portion but greater than that of the relatively thin body
25 portion, at a substantially central portion of the front plate
portions;
inserting the relatively thin body portions of the needle

electrodes into the needle electrode mounting holes from an

outside of the front plate portion while bending the profile



brazTﬂg'Tﬁé”TEFéfively thick body portions to the front plate portions,

t her ectrode is fixed on the 5 front plate portion of the

defl‘@ mm 21. A nethod of manufacturing an electric dust
nngLapparatus including a plurality of needle electrodes for

charging floating particles in air by generating corona 10 discharge

around needle points; a plurality of cell-liked collecting el ectrodes

provi ded 'nai@h&eiﬁoédEBﬁslﬂh&bnéﬂedi§§8€§5hv€on?@?hetﬁée&éfPééﬁloﬁor
attracting and Collecting™the charged floating particles by electrostatic

force; and alpkurabikesy ahddefl ection el ectrodes each having a rectangul arly
15 hol low | ongi tudinal structure conprised of a front plate portion and

si de plate porti obsaaingfthedréhetreellyetliel ektbodespontidmes ftonthel fdent
portion, for applying a deflection force to the charged floating particles
to nove towmldtehporbibesiibgertkyt theesebgla pbeehrode appfiredfonntizd
the side plate portions, the nethod conprises the steps of: providing the
needl e € ecE¥eaEsPeath Ravthgnachcthe edpblerbhonacleChEPIR}y t hi ck body
portion and a relatively thin body portion; applying a punch press process
to a sheet netal to have a 25 profile of the deflection el ectrodes;
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charging floating particles in air by generating corona
10 discharge around needle points; a plurality of cell-liked
collecting electrodes provided in cbrrespondence with the
respective needle electrodes, for attracting and collecting
the charged floating particles by electrostatic force; and a
plurality of deflection electrodes each having a rectangularly
15 hollow longitudinal structure comprised of a front plate
portion and side plate portions and fixed the needle
electrodes on the front plate portion, for applying a
deflection force to the charged floating particles to move
toward the collecting electrodes by a potential applied from
20 the side plate portions, the method comprises the steps of:
providing the needle electrodes each having a needle
portion, a relatively thick body portion and a relatively thin
body portion:;
applying a punch press process to a sheet metal to have a
25 profile of the deflection electrodes;
providing needle electrode mounting holes, a diameter of
which is smaller than that of the relatively thick body
portion but greater than that of the relatively thin body

portion, at a substantially central portion of the front plate



bendi ng the profile along’in a longitudinal direction to formthe

def | ect :uwm!”ﬂﬂMﬂ gnserting the relatively thin body portions of the
needl e %I% ﬂ'uu”nthe needl e elegtrode mounting holes from an
outsi de of fhe'frbnts plrate portion; and ﬂrazing the relatively thick body

portion to the front plate portion, thereby the needle electrode is fixed
on the front plate portion of the deflection electrode. 10 15 20 25

portions;
bending the profile along in a longitudinal direction to
form the deflection electrodes;
inserting the relatively thin body portions of the needle
5 electrodes into the needle electrode mounting holes from an
outside of the front plate portion:; and
brazing the relatively thiék body portion to the front
plate portion, thereby the needle electrode is fixed on the
front plate portion of the deflection electrode.
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