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DEVI CE BACKGROUND OF THE I NVENTION 1. Field of the Invention The presen
invention relates to an electrically controlled diesel engine exhaust
particle collection device. 2. Description of the Prior Ar tmmmmmmmm
known, the exhaust of diesel engines gontains |arge quantit l n
particles (so-called black snoke); thése carbon particles are djgggharged
into the atnosphere through the exhaust passage and, after bl ow ng about in
the air for a long tine, finally settle in the for o floors,
road surfaces anIdI%ﬂSfé)TtJ@N@I@ECEX%%T/&}}RHC%SC%%@E% cl ear
that, since carbon possesses strong adsorption for other substances,
various chem cal substance C j subst ances are
adsorbed on to the carbon 'QﬁﬁD it A ree in the air, and
that the entry of these into the human body when such carbon particles are
breat hed {n byEggqglgfc%ﬂgegnggggggnor di seases of the respiratory system
The dieséV engi used I n vehi clTes such as trucks and buses therefore now
represent a considerable social problemas a source of environnental air
pol lution. Accahdipigeyent invedericnor Lot st of e Aytramayatoatrol I edn
contam nation by diesel black snoke, as set out in Japanese Uility Mbdel
Appl i cat idire dak aandShee 65l etk ikdpamedd dditiilont WeMidel. Appl i cati on Kokai
Sho. 61- 89851, a bl ack snoke collection 2 6 DE C 2002 - 2 device has
been proposed wherein a black snoke renoval filter consisting of netallic
fibres ardlf or BessHapEah ofafhg Blrégs Gr the like is arranged in the
exhaust passage of a diesel engine nounted on a vehicle. However, such

bl ack snoke renoval filters have the drawbacks that, when used for a | ong
tinme, they get 28l d§g¥8Ldp KB e thRaCKREHBkeOhNFE RS Ehe§REbREECEORRRLINS
pressure | oss is_increased. . As means_f.or. el imnati t hi,s i.nconyeni ence,
there has Peeh PHEp %%he%no%l%%f?%tpaﬁﬁtcl%eesse(lsoﬁﬂ ﬂ%deh\‘lialct}%rs €K is
not subj I [ i j e. Pat i cation_ Kokai
H. 2- 75712&%%%.C%f P %ﬁtgéulgg%geog‘gg%}é%ﬁ}%ﬁg?‘e% EIE’VQ&GCQ,{% collnes?fr’t%‘t’?lgn of
the el ectiiasialibsd gaskapardid! arkEkiplofasrLled 1n il aipubbicating. As
shown in this Figure, in outline, this electtostatic diesel particle filter
consi sts wine a4 genera) | yettbil 8t fHOWGhaEIerscbt anC@&0Fa RIrect reda 2
consisting of a very fine linear body such as a tungsten wire stretched

al ong t hesdtDarehanbeclahsng retichi HdWeow g hatbers dradtaltylbdeubmiecalear
isolating electrode 3 arranged facing this corona el ectrode 2; and a

vol t age state e rebgbdn ghoseddsare 9t aqgpladsd dpdtivee rf ogorcdine rel ect r ode 2

and isolating electrode 3. Wth this construction, when an exhaust gas
current 5 ¥t €RCTT oW Thisfibe rc e G b s i@ Se $ UG e 64t &idéd-nagedrhaust

gas current. 5 are charged up by the.corona discharge and thereby deflected
By the elERITERT SPC POLES CHRAATRO &R P Ty tBPeCtFioRf PAE WS PRb§Sr o
coll ecte t,. cl.ean exhaust s.current 7 whose. bl ack _snoke has
been red%%@i%%ﬁ%ﬁén% 15 % lzfr’gea%’df ?‘glr%tt 'Ifré‘edfaélgély Sgr EPEFS f’f’??e{ﬁ.‘e 2 6
D E C 200230 body when such carbon particles are breathed in by people

causes cancer or diseases of the respiratory system. The diesel
engines used in vehicles such as trucks and buses therefore now
represent a considerable social problem as a source of

environmental air pollution.

Accordingly, in order to protect the environmental air from
contamination by diesel black smoke, as set out in Japanese
Utility Model Application Kokai Sho.61-55114 and Japanese Utility

Model Application Kokai Sho.61-84851, a black smoke collection
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However, with such a conventional electrostatic diesel particle filteé Eﬂﬁ
electrical field concentration is dispersed along the line of the cor Hé L
el ectrode, so even 5 though high voltage is applied, the corona discharge
does not occur continuously or occurs only to a slight degree; as a result,
the serious practical difficulties are produced that the exhaust particle
collection capability for black snoke etc. is unstable and very small
Furthernore, since the 10 corona electrode is a very fine linear body such
as a tungsten wire, when it is mounted in a vehicle, which is subject to

I ncessantyeWiikfatia@n vt $F1eeks «dUkhREG ciHNAI RdackhefnBkESrEhevhDconyeakrence
that it will frequently becone di sconnected. 15 SUMVARY OF THE | NVENTI ON
Wth the doorsdgaiingy iof meeallit fibass ahjdeir af htheypoeseshaped exfenent o
provi de a diesel engine exhaust particle 20 collection device that provides
out st andiong teehalke jmrtrirengecaphuthegxhbilsict pa asagewrflbi dieyedverg urler
severe conditions such as when nounted in a vehicle. According to a first
aspect ofauEgst esentVehmiekt i oloveNere $4Chrohddedngkei é@@@véggfh%t%&fhaust
particle collection 25 device for collectin under electrical control,

particl edd%f &S dfareFhsomhidites&redngiske, %@ﬁeadéﬁ?P@etFﬁ@P ulfRy: 98he or
Il ecti its; d i i ided with inlet d
out 1 et 6 A9 A RO T P WS B0 BRe Y BoPEGKF betb 50
therein;jﬂpﬁ%%gatgé one or nore collection units are renovably received
In

and di spose Fie devi ce casing; the one or nore collection units
i ncl udi ng respectively: 2 6 DEC 2002 9 a plurality of needle el ectrodes

having respect hkebkyndangedbe blPmiRRLERAGI GhDE URcODCRBEALE] eBndYe CEAL T N
a corona di scharge around the needle tip; a plurality of collecting

el ectrodesdrprd e idg dike troshtargeddpackichestbylel eclrestahienfosce;
and a plurality of deflection electrodes for inparting deflection force to

t he char gedt pathjedtestd oviargisiray cay ekpardbeg dne JapanhkeecBkiteati ng

el ectrodes; wherein each of the deflection electrodes is of a rodl0 shaped,
each of tApp hieatl iwreKededode2 hed hht f oF hed 1@t 1a an pxdk lacrossespontdmgyl one
of the deflection electrodes so as to prosject therefrom such that the

needl e tip-9¥ Qf ] PRIV 1 (fistiheamlscdeostathe etRaRSt PRaSSEde,
hereby L1108 PLULEL) Ly of ol scli pde. pssertl] o5 1 espect vel x gmde 15 v
oLl L4 PTo JUVIELS STPVSALS o SLect g PLALEP TEKLNBLUR 8t
gases pasge { Ny ol the PUTHAN A AN Sme3Cch ;0h Lheogheehkadeagsendly
bei ng arranged
consisting of a very fine linear body such as a tungsten wire
stretched along the flow chamber axis in this flow chamber 1; a
cylindrical isolating electrode 3 arranged facing this corona
electrode 2; and a voltage source 4 whereby high voltage is applied
between corona electrode 2 and isolating electrode 3. With this
construction, when an exhaust gas current 5 enters flow chamber
1, carbon particles 6 contained in exhaust gas current 5 are
charged up by the corona discharge and thereby deflected by the
electrostatic force towards isolating electrode 3, where they are
collected. As a result, clean exhaust gas current 7 whose black

smoke has been reduced in amount is discharged from the diesel

particle filter.



20 within a correspondi ng one of the tunnels. In the foregoing, a
preferable node is one wherein the one or nore collection units i ncl L 8EC 2002
respectively a concave el ectrode subunit including a nunber of the tunnels
demarcated in lattice fashion by the el ectrode plates making 25 up the

coll ecting el ectrodes, and a convex el ectrode subunit including a plurality
of the el ectrode assenblies respectively made up of the needl e el ectrode
and the deflection el ectrode, respectively corresponding to the tunnels,

and wherei n t hélaomwsave ekt sodh subimiverdricdontdle 8lecbnvekaelectiiodel
subunit are s|lotted_together .in a freely renovable state. SO, . a .
preferabl%?ﬁgﬁ%i?s gﬁggﬁﬁéraq?%ﬁ %%%§E¥(% ec %%ﬁ%l GrRGeRFTREER" of 1Phe
col 'ecti ofi sipétSedt RQ BIcpatpé thee egf orhhatoessentiakkyoeenstdd utesna
channel for the 2 6 D E C 2002 5 exhaust is set to be at |east twi ce as
great “as §heuUghoBigecvPbhapcatéadBPling, ekhauserpadsdgachprrgfeddpesapt
engi ne. a f; .8 .,nO J ei,.n. positi ol arj hi

vol t age f%ég%ﬁlFgg%ﬁé%gggﬁyofg§h%§%gggl§g§9eﬂ£%t%oé%g¥ﬁ?hé$§%%¥beﬁ%$a?ing
positive tesmslby theatsieng cascqrmata idiadc hir el @rlouines tdwee needdieced pshat

wher eas each of .the coll ecti el ectrodes are earthed. Furthernore,
pr ef er abl %&é‘}ﬁaélsd:nepevﬁﬁ?"ég% scp?ggﬁcrté&l?ct‘?%aelﬁe]a]n%yfSPrsré}oalcﬁ?yS@PgW ng
down exhayst, flow igskbyroviged Bra viginity mirdihemiiy al igivcef the

needl e el ectrodes. Stil furthernore, a preferable node is one wherein the
di esél engppenss elgehrede- nbuntéed veirgsefiragi hineds BRIAF BESORI PFI ON OF

THE DRAW i i ' m gi ' I t] . i .
construct | OO ahe i el SaSar pet i 1H ST a0 et PPRAFLY: canrral | 48

di esel engilvpeexhaust ipaetisehe colbectian devi ceh@OksonrBixdiing | mgnabng,
enbodi nent, of the present invention; Fig. 2 s an.exploded rspective view
showi ng t HEEEBNStT u%ﬁ?orﬁ%?or{‘ﬁ‘?rhl%uggaﬁarﬁ c}“'élgollﬁlreecqﬁ evPEECTH

expl oded §pspdnkegted.i S an electrical |ayout diagram of this exhaust 25
partE%Ie col | ection devi ce;

SUMMARY OF THE INVENTION

With the foregoing in view, it 1s an object of the
present invention to provide a diesel engine exhaust particle
20 collection device that provides outstanding exhaust particle
capturing ability and durability even under severe conditions
such as when mounted in a vehicle.
According to a first aspect of the present invention,
there is provided a diesel engine exhaust particle collection
25 device for collecting, under electrical control, particles in
an exhaust from diesel engine, the device including:
one or more collection units; and
a device casing provided with an inlet and outlet for
the exhaust and that holds the collection units received
30 therein;
wherein the one or more collection units are removably
received and disposed in the device casing;
the one or more collection units including

respectively:



Fig. 4 is an axial cross-sectional view of a collection unit constitz&jgﬂjﬁm
maj or part of this exhaust particle collection device; Fig. 5is an
cross-sectional view showing this 30 collection unit disassenbled into
subunits; Fig. 6 is a perspective view ghowing this collection unit from

the front (upstream side of the exhaust gas current); 2 6 DE C 2002 6

Fig. 7 is a detailpvien pfypast oheElille 6 t0 @lsvrgedescal ; FighaBihg a
perspective view seen fromthe rear of this collection unit (downstream

si de of tﬁ@sﬁﬁﬁhi&g?l@a§ creeir ) tiB Frg. dhaxging expl sbed prertsivdas vy vi ew
show ng t@? rHC n9f Ecﬁél%éréf&ﬂ y Gontolded diesel engine

exhaust par coI |on eV|ce accor di ng o a second "€nbodi nent of this

i nventi on; Fi g.a ].[ﬁ)ll]llsahl’dy agf acoBl éct ing adl et ossdsectdonabl véevidd shew ng
the construction of this exhausi article collection device; Fig. 11 is a

vi ew ShowFRgTeRe PRREEFLESI BR Bt FeF¥atel oI %S ndtDorated in this

exhaust particle collectian davi eRr16ekibal Ng1ackaskebacesyi eynuhilengb) is
a side face 15 view, Fig. 12 is a diagrammtic axial cross-sectional Show

showi ng tdefteasieuct ifmrasf ahoel éderi cdldsgarbnt pattedlesesdlowengisne a

exhaust partlcle c l ] ec n_deyvi c ordin third enbodi ment of the
pr esent i AVentt ﬁﬁg £n8 g |é a?@féﬁ&%;(ﬁ%elef%e(%oﬁstructlon of a

baffl e pI ate i nqwmrrat@@lcm nofhtﬁeelﬁh&méttpaht qubeteohbectllsorbﬂean £64-(a)
bei n rear face view while ( is a side face view, Fig. 19 is a

diagréhna?b@PQQraPaEPogg §€€tPéﬁﬁiev?%ﬁFQBO%%oQ$¥@ﬂtﬁﬁ?%%%s%?u%t?bﬁ of an
el ectri cal | . Gonidiolled i esel noline exhaustpar g oldection ey ce

constituting a fourth enbodi nmen e present invention; and Fig. 15 is
an axi al pros3jestctlitomd fxvdrew shioh nghathe tdéensheadiéortigd dscodveattedal
el ectrostatic diesel partiohe 0okl L8 PESCRHETION G5 THE PREEEREED,
forming a plurality of electrode assemblies respectively made
15 up of the needle electrode and the deflection electrode; and
wherein a plurality of tunnels demarcated by electrode
plates making up the collecting electrodes are arranged in
lattice fashion,whereby exhaust gases pass through the number
of tunnels, each of the electrode assembly being arranged
20 within a corresponding one of the tunnels.

In the foregoing, a preferable mode is one wherein the
one or more collection units includes respectively a concave
electrode subunit including a number of the tunnels
demarcated in lattice fashion by the electrode plates making

25 up the collecting electrodes, and a convex electrode subunit
including a plurality of the electrode assemblies
respectively made up of the needle electrode and the
deflection electrode, respectively <corresponding to the
tunnels, and wherein the concave electrode subunit and the

30 convex electrode subunit are slotted together in a freely
removable state.

Also, a preferable mode is one wherein of the cross-

sectional area of each of the collection units, the area of

the region that essentially constitutes a channel for the



2 6 DE C 2002 WMdes for putting the present invention into practi¥§ggggm%
descri bed below with reference to the drawings. [A] First enbodi nen Ig.
is a diagramgiven in explanation of the basic 5 construction and
principles of operation of an electricagly control |l ed di esel engi ne exhaust
particle collection device constituting an enbodi nent of the present
inventiongxfrh@st21kS saft &dplpded: peegpecti,YeeViaW $HONM NG st heycopsbeyction
of this exhaust particle collection device in exploded form 10 Fig. 3 is
an el ectrseatibagdbuerdeagfanhef exhagsexpassigpariithe dotsebtenpineyice;

] ectioHeunit constituting a

Fig. 4 is an axj.al crosssectjonal.view of a,col
maj or part of t 4§”exﬁ%us?r%%?¥$%%% c%?géctf%n 48%vi c¥ E?bp 5PP§15AVEXi al

Cross-sechbpaaktyi eni ghowdIxddu s i¢ol bpptien upbt daxuli sasseml edeiate
subunits; Fig. 6 is a perspective view showing this collection unit from
t he fPontelepsEpdadm sitdesdy heerkhatstg g@@ségrlﬁénﬂ)‘?nfr:i §Y TisrElntet ail
view of p L | . arger..sc ; Fig. i p. ectki Vi ew
seen fron?% %H%eg?ggpgfh?s%ggﬁpgcﬁp§nq%%¥P§?g€ﬁ%§tRgg%%ggﬁegégﬁo§ktﬁge
exhaust gasltacteny)eldberedbaustepasattiocde. collection device of this
exanple relates_ to an exhaust clea inngevice wher ei n_car hon particlea

B y

(bl ack snoke) prE<eHIBIr $he 2exREb € oS 0dfat PRI NP LS e c ERES

nmeans of gcagedlendinkity 98025 sy agdolhal idoWPuBkedusl tfieweXxhaust
passage of a di esel engine nounted on a vehiclé such as a truck or bus.

FirsttOof puavidme bagi castyleiwkey aref prihfei jllexyadfl topercdt i dheof nekidde
exanpl e “@i%c9?098§cribed wth reference to Fig. 1. As showmn in Fig. 1, the
exhaust partrcrée collection 30 device of this exanple is essentially
constituted by Jridvi fangheemoeedl e erecferatd@e8nicale dleEargneigwbhpreanbahne

articles (black smpke) 10, 10, .... by creating a, corona di scharge 9 around
e nocdl S ePaT SaRORREDif on: Toht 6l BontBabSG 1 or oL T ente ny hoce )

the needl @1€F5H

char ged-up carbon particles (charged 2 6 DE C 2002 8 carbon particles)
10a, 10, ... by electrostatic force; a deflecting el ectrode 12 for applying
a defllSecting force towaBRIEEQPESERIRFIANLFr EHE %RAWENGﬁarged car bon
particles 10a, 10a, ...; and a high voltage DC power source 13 for 5

appl yi ng prescribed high DC voltages (in this exanple, 5 to 6kV) between
needl e el ectrodeid. ahdieold etiagrarel ecvendeénl Bxaridnkdtiveermlethecbisnc

el ectrode_12 gnd ﬁollection electrfde 11. Needl e el ectrode g h%s.iti needl e
tip 8a, WAPRRACFECHFERePS et CHR teet 80 CHARGS P he Upstr EAFCSTAS 35t Yt he
10 exhaustopagsagedofdildie 1di esglnengiknauand ganarald yc6Dl &€t temt deivtiet he
commpn axis; in this exanple, it is fixed by welding or swaging or the |ike
to tK& ti pOBPLATHELPEWABqERPEIIBANShapel BePTeRER DN RYRREF O 12 about 10mMm
square and of | thd tg 6gm dypitdien WakrspBcehest redey assriblng okna 15
needl e el ectrode 8 and deflection electrode 12 arranged generally on a
common axfenpsriigeied. FHor thbFl evthanwstel perEbabe 1Eola eclhnnal -dhaper] in
electrodee£8988gd29 square, length 5 to 6cm providing a passage for the
exhaust gas®is constitlted by assenbling four flat plate 20 shaped net al

pl ates; an el ectipde3assenid e leonsiistalng ofouteeti syedrecd £ odei8 arttaust
deflg&tion el ectrode 12 is arranged generally coaxially with the axis of
the €onneP2WFERiR FRELEGRABT BFYEGFfection el ectrode 11. Also, high voltage

DC power sourcerid, conssshs 8kialDerbescoB¥LEshaN ¢iEfULE Bhabllection
unit constituting a major part of this exhaust particle
collection device;

Fig. 5 1is an axial cross-sectional view showing this

30 collection unit disassembled into subunits;
Fig. 6 1is a perspective view showing this collection
unit from the front (upstream side of the exhaust gas

current);



25 steps up the DC voltage of 24V that is supplied fromthe vehiclg- ﬁ?mﬁp
battery 19 to DC 5 to 6kV and outputs this. The positive-polarity J?g
termnal is connected to the el ectrode assenbly (deflection el ectrode 12),
whil e the negative-polarity output termmnal is earthed. Collection 30
termnal 11 itself is also earthed. In the above construction, when the
engi ne key switghg(ignitd oa gwcheh) vizvw ot wared QN ridhe engbng il%r%%&"ted
and, simultaneously, DC voltage of 24V is supplied to high-voltage power
source 13sfced@i/battery 14. Wien high voltage DC 2 6 D E C 2002 9 power
source 13 receiyes the. val . 24V, |t ne s.hig ol tage,of DC 5
to 6kV, which iglgheg 6§f%u§e%%ggﬁggg%e§éngggggségéﬁytgﬁe28¥5 8?e§pﬁgde 8
and defl eebilar celiest nede lLAcehstukaal sy dequal tpet enhaak) . gheedh ereher) r ode
5 8 and deflection electrode 12 thereby becone of high potential. However,
in par?icular, Eifice ThéSel 8Bt r¢%PIPEd PSTEOREEATVRat BH Wt THRYVITKRdIEESt | p
8a of needigsehegliiode Be aanoronacdischalge Sl ANl atad Lant ifugus! v in
stabl e fashion around needle tip 8a. Consequently, when the gas 10

mol ecul es exthageipapatitiely | owllentzat i aewrer ggcsacting resi dualseooygen in

t he exhaust fromt di esel engine pass this point, they are ionized,
beconi ng 6F§%ﬁé"ﬁ sfﬁaﬁﬁ&ﬁ éPgeg&g8Pbed on to the carbon particles 10,

causing the par FE?L esid hessel vesapahayeia ROSiall Ver b oot sechibsger ki edd
this way, those of carbon particles 10a that are thus charged and which are
cl osel@o é&Mdag ol et totectionrof aBB6Fbeyh 8RSt oPRRE LELEC COddECHiRNes of
col | ectiongliect.rode 11, which are of negative potential. In contrast,
charged carbon particles 10a, 10a, ... that are further fromthe el ectrode
20 pl ates of coFlectildnisl ectvicde dHowireg fthstcofisathcdedh ecfed badmélel ed)
in the direction of collection electrode 11. b he_posi.tive potential of
deflectioﬁﬁgﬁéhtr%ﬁﬁpﬁﬁfrW%%ﬁ they ééb?oagﬁh8§F%ecPBSElgﬂgctFﬁé °ff1%hey
are adsor edier,t o(d)hepelegt s0dacpl dhes ofienegatilee- ot endi al seakl eelceon

el ectrode 25 11. Consequently, very fine particles fromabout 0.0lumup to

conpa}%tiﬁéprlarge carbon particles 10, 10, ... of about |Oum can be
efficiently col begted., Next 5 t e gehmink€dcCARILNUCE S O8s Of e s SXNAUSHW
particle collection device of this exanple will be described with 30

ref erence showiing the ¢Fisf.r @t ithe adxraustl gsamriicalle ye slonggrildrddeviese Lof
this exan%keip%pSI%%%E %n §g££%gfé cgofl c&kﬁptdgogcéeagcg8§_§g€pﬁﬁ% a
Mits T , 8 co a r of € el ectrodes

r
col l ection SIsting o arge nunber nee
8, 8, ... thdeld esticanimdmctofodee b2estAt inReftDok; C 2002 10 ..., and

collection electrodes_11, 11, ..., together. with high volta DC. paower
source® 13, and &lHevitde 1Gad nfteY THATIIECEITSOHN %%Th%nt%gsé. vattie

plate incorporated in this exhaust particle collection
device, (a) being a rear face view while (b) is a side face
view;
Fig. 14 is a diagrammatic axial cross-sectional view
25 showing the construction of an electrically controlled diesel
engine exhaust particle collection device constituting a
fourth embodiment of the present invention; and
Fig. 15 is an axial cross-sectional view showing the
construction of a conventional electrostatic diesel particle

30 filter.

DESCRIPTION OF THE PREFERRED EMBODIMENTS




As shown in Fig. 2, on the upper face of device casing 5 17, ther26ité 2002
nmounted a pair of nounting fittings 19, 19 for nounting and fixing the
exhaust particle collection device of this exanple to vehicle body 18; at
its corner it is formed with a through-hole to allow the passage of | eads
20, 20 connected to the input termnal of high voltage DC power 10 source
13. At the frongcdase @BrdengQ1ﬁ§S'&%eléme%%n%hown Iifvieing ion3, thergd s
provi ded an exhaust inlet 22 of tubular shape fitted with a flange 21, and
connect edPtArcbigh Rirangesczibegqbedoanwakxhaystepassageo28hdodnsrvinam of the
silencer, not s er.eb xhaust, gas 25 discharged fromthe diesel 15
engi ne fl ows inpgr?héMﬂhtéf%%}CH' eV|ce casing 17. On the rear face of
devi ce casing 1Figthereas sapaosgded anvexhaustegiSariiiat 26 ahet wawiay
shape, mhereb¥ exhaust gas 27 fromwhich the bl ack snoke has been renoved
i s di SthaF§BATERES1ORe aera@% ePRANCERYE F oRfreMPeIAEION 0 i 98t dHiecinigadd i s
provi ded Re 4Si e Vi t ti ts
16, 16 caﬁggggfg%%€e£%%§€%52§% gg |n t%%%@%éﬁ%o?giggggkﬁgeégisgﬁy17
with a pr esostbedtsegaraai i embd»@im@em btﬁemhet heress drst przmveni‘edoa, paiyg.of2 t wo

floor rails 29, 29 anged arallel taq the front fac two ceili
rails 30, 305 %’f? & RETPBEFFiShs &Y nsgf‘?“é”s‘b%c*?ﬁl%ecPPSSFuFéﬁPE ,

t he const ekl Oélx}b@u@g it that eehheetion WM diSce 64nlbe 2 EobOSertiaeh;i nto
and held lined up in the forwards/rearwards direction in such a manner that

t hey Ian Bédfredl yifemvedlast siqad; néafmmar d52pReB t¢E itheyi exhawsg
condi tion whth 30 cal '1%%61%“”&%%%%0 16 fttgd qn tq.flqos fhallsg 2. 29

and the cgrrespondlng ceiling rails It shoul d be noted t hat
al t hough mettibowd vheki g.f & qqih@b&unmummuuncomamht@&hh@cmlm@jun|¢a116 16
inserted a eldin deV|ce ca |g§ t he exhauat as 25_1 hat floms from

d
exhaust i fiFet™255| fFHatst gPpr ﬁodeJSlefOtqug’Z ©¥5C80 oevd te Jcasf ng 17

nmust throdghagol lceelsisorettiilcnalb, vikw NeMdwakley Rass sueuasstvielly eihefore
bei ng discharged to the external environnment. As shown in Fig. 5, each

col | ect i oAigAPEeTE le6nsiBEe oTukitGtit edifoge herS sBr RETFRSSFL EdNVE:EW
el ectrode gubynist +31 sand 1GARGAKS &8¢! rFade WU 32 ‘M}Js({:r}ead'}rp skl(ateg of - d

box- shaped and el ectrically isolated and, as shown in Fig. 4,
Fig. 7, whhehekxdaasitngsms eshtrartein Blect T otle asgenbnilesrlewngfstplarrg @ff

needle el ectrodes, 8 mnthln each tupnnel _of c Ilectlon r s 11, 11,
wﬁ dh ggldgge nu%@er §?5£5rrang§d gﬁ I%ttlce fgsﬁfg% tggg view
deflect|0|eehedhkmdetﬁa rédr of thsisenddlbscobimi ordt by dowhisitrgatogdideer a
pl ur I|ty 2 getal pl ates 1la, 11b, . vertically and horizontally in a
y 8ft k6§

mut u oﬁép386ﬁdﬁﬁﬁoﬁuﬁfﬁﬁ %eparatlon of about 20mm on a square

net al frarre 33 higyi Bghapen gﬁﬁrt&'fclfer QU1 @kt Rackyaf £c£0pbi rad st @ pmpduce a
concave el ectrode subunit 32 wherein a | arge nunber of tunnel-shape

col | ecti oneéré&SEr odexs 1an 1exhaustof FRARIPONMESHLE? e HRGIE&AQL IFaFIQAR 6cm
are arrang%Qtl%le%tt'?ﬁlgeﬁh'cghoke present in the exhaust are

electrostatically collected by means of a needle discharge
25 system, and that is mounted in the exhaust passage of a
diesel engine mounted on a vehicle such as a truck or bus.
First of all, the basic structure and principles of operation

of this example will be described with reference to Fig. 1.
As shown in Fig. 1, the exhaust particle collection
30 device of this example is essentially constituted by
providing: a needle electrode 8 for charging up carbon
particles (black smoke) 10, 10, ... by creating a corona
discharge 9 around the needle tip 8a; a collection electrode

11 for collecting these charged-up carbon particles (charged



Al so, a convex el ectrode subunit 31 is constituted by el ectrode as& 6hfiCi28HE
(the sane nunber as collection electrodes 11, 11, ...), in which needle
el ectrodes 8, 8, ... project at the tips of deflection electrodes 12, 12,
in a condition with the needle tips, 8a, 8a, ... directed towards the
exhaust inlet 22, being arranged in Iat@ice fashion at positions
correspondizRgon Ba@RE cl1@s9na ozashiogn,, \topgol | eckbppo gt £ei odes, bk, 114 ...
These el ectrode assenblies are supported and fixed with netal |inkage
menbers 34efd4cidsanbeedcitnotre Vertfeal aprl hiord zent ale fdiecédmnidongoirgeo a
unit and |inked together.. These |]inkage nbers 34 9 are connecte
t hr ough |é88(§r%6, %Jteocﬁjﬁeg o%f%ﬁ%r?cg‘gmlg:ltoofc &}feq%qggﬁaﬁg??aégr i-de 5f
hi gh vol t age,DC power, .sourged 13 anidgthi gblvabé ages wdwerit yabilrreequ@l for
potentials are thereby applied to all of the needle electrodes 8, 8, ..
and de¥| eé@PPdying2 rre5qrikerhorialy Bf e¥ptbaggs1diniEthis ex3mrkRye fefbers
34, 34, . z.uar \§ﬁ9‘ p oyg e i ISV i nber s
36, 36, .ékvgfqﬁ%{ regﬁﬁegygt%gEF?ﬁégéngagggtéggigﬁﬁ%ﬁ¥% ﬁggg?E?ggHEESS
havi ng anaapemiaigesin fadafteanibrbackectirdiie the &ndntofl deetobnneflaktsoppor t
frame 35, .there js fixed a square netal franme 37, for_ .purposes of slotting
t oget her, hrkemf%@dﬁﬁbv?ﬁﬁﬂtgfaﬁ 5be&?ﬁg§t§i P?ga}?oﬁthngabaéﬁuﬁﬁbgé? by
slotting hhexertalateane 3d3retreancavnm@lecihedeysybddih 32iddt @ hicse
slotting-together nmetal frame 10 37, concave el ectrode subunit 32 is
mountled | gaxhegsity peseaggblod ftdshiddieseilt knAinke anet gensuppért chiagadents this
way, all cqll ecti el r.odes : li.ch _are_arnrang i
| attice fggﬁpo%hgrgogﬁgniﬁgg%é g%né%%?oéﬁgppéFéS?kiggl%géﬁgagp &?&ﬁqggvice
casi ng 17 otrhr ougdimet alr frleee 11ke33 o stivét itig- t ofjeheto bl shuame-3ddand
metal support fra 5. Thus, since this,device casjng 17 is earthed en
T s 1 RBaPy et REENS5HI Ot STECHARAF 187 COPPBEL | LUME) eitiTos P8 P 1
are al so eanighed.s Fubt REMTOr e1nsithGe alBet raigakhycicrsdkatd iemmnbess 36,
36, ... are inserted between the 20 el ectrode assenblies (needl e el ectrodes
8, 8,15 .. ngrdlgef Péeri&Rdel et rates Aflection elardrosld edtdi ngréredefodes
11, 11, . otk t hese aremehecthiikcak!l ¥oisohated fromeach other. It
shoul d alggnge%noyég that?%Pn th%s exanp?e, #n collecting units 16, 16, the
total of the crBss-sedfleonabn2®lacéaodef ltlhe gyapsnoéleshipedi rgeekteotrodes
11 and denlgctin electroq%§ ;ﬁatQﬁ}sgqpsaétu}e %he.gaﬁsage fgg thefexhaust
gas 25 is 6 Sy QIHEV‘ FHYS be Ht9 1 east " T W a8 %Yjejt %%t Rassage tor
cross-secthenalxhanea oflast ie diceselitengineyexbBadsblpagsdgar2fiaknptibeecabove
construction, as shown in Fig. 3, when the 30 engine key switch (ignition
SWi tca*B 1§hia§’eldurﬁ§8ab\l,p3c?1%e%hgiaﬁ’e rdestareed W%‘Nﬂlﬁéi AANSdFeddd y of
vol tage of,c@G124\c1 et | 8d fPmudatd & Yorldel8chi88e Valt age RCrROWRH
source 13. Wien high voltage DC power source 13 receives the voltage of DC
24V t hat Pensaggilivedcod iajeiervitl Kngh avdis age sheptuwmned whtlsim Ehe 2002
13 6kV an ut s-thi - f JQQ% rear c ti ni 1
Needl e e|283§%§eS§%,E§?lE3F?g§f‘%ﬁ?@h t ergﬁéreoééféﬁgggﬁ&nﬁﬁfléf %nggd in
| atti ce f ashiean,santadeid econndsebectr adex-I, d@pversiar eciheneby that at
hi gh 5 potential; however, in_particular, since the electric field
Conodnt | afeaPa the tiBedie TPPEags, a 24V CHRtnchtl SUBPLLERodtas, tBE .
corona di seharge-thoudted bdtk tinueysby gerer aiad dmd sbabpetr§ashiian
around needle tips 8a, 8a, ... 10 Consequently, when the exhaust gas 25 of
the di esellhéngPhglpasseBOobEttY heutPssectsvRinbdlie t FpBNBaAteda,tQ. thegas
ol ecul es (9t opRAr allugky 1how (Qnization eaeeay SHEh 45)1 esidual oxygen in
t he exhaust are ionized, becomng positive ions, Ich are adsorbed on to
carbon pantigeltéyet@old@ity. . putputorfeamiingg aiposéérvieed oni c CoRdegeion t he

particles thensel ves. . ese thus-chargedq carbon particles 10a, 10a, ...,
thoséﬁ#eaF§§FlPﬁ& ggrﬁ%%ﬁé%dﬁﬁgl S8oFF§£€%§'¢Iectrodes_11, 11, ... are
adsorbed on to thetekecdypnfe pbatesufidegahh¥s- ROl @lnLokd @Clhig ch
el ectrodes 11, 11, ... In
(ignition switch) 15 is turned ON, the engine is started and,
simultaneously, DC voltage of 24V is supplied to high-voltage

DC power source 13 from battery 14. When high voltage DC



20 contrast, charged carbon particles 10a, 10a, ... that are nore r?qpﬁ 00
fromthe electrode plates of collecting electrodes 11, 11, ... are firs ?
all deflected (repelled) in the direction of collecting electrodes 11, 11,
by the positive potential of deflection electrode 12, and, when they 25
approach coll ecting el ectrodes 11, 11, dre adsorbed on to the el ectrode
pl ates of ypggatiysspat enti alecoliosticng glect rodes, gl .- 24yt shquyl d be
not ed tha? the cross-sectional area of device casing 17 ere the exhaust
gas 25 di gehargéeésf mdmht heo Idiagzel oBnBCné ftloovisk Vi ntwhtgdvi te thshngutpuftr om

exhaust 30 inlet 22 is set suffi.cientl eater than the orthogqnal .
cross-sechoﬁhﬁiéiaﬁﬁﬁﬁ ﬁxﬂﬁﬁﬁﬁpéﬁsEﬁg%éiﬁd?ggﬁﬁr%ﬂﬁiHe?ngogﬁﬁ e speed
of the exbadstreas 12 |wneneda Copseguent byrehhea bl ackyzapke carReode
efficiently adsorbed on to collecting electrodes 11, 11 before the exhaust

gas i 9 di §changed dfigpdion 6 BE 002124 eieeehal bagpmonnefit. high
Conseq”enégﬁin%ﬁgﬁg’ Hﬂw&ﬂ%3$29§fé509§%%% %ﬁfﬁkiﬁgéstg%d% %%E%E'U%ield

el ectrode ., nee ro ecting
el ectrodessl2pnt2ntratedr atathangeeadla ktapt Beae offaskicon cardealksodar Banged 5

in tw stages i.e. front and back, a continuous stable curtain of corona
di schar ge°PE°P8r mEd SGPEr I8 widde Fan§ENEL ARG | GORAIONS VAL Yt hd f r S5EPAfd at

the back. rEanseauentding caeBanepard cbgs 10codfequent EAN k@Ol {8Et @@ N
reliable fashion. Consequently, continuous and stable corona 10 di scharges

9, 9,10 . mpaachaesbt af nexbrepriralt sielwi dow t hendeamepar eferdre tsuaik portion
is large, di ck_s e collectiaon ability.and durabjlity .can be
obt ai ned égg%ah% er%‘%{?eggo% i%’ﬁls]alsla%:hggss lécr)lmmgglr?t e(gl?snea vermei%e.

[ B] Secondaesbothientpdimthi gth8yl sapd expliedeld pBespRehgVvepMdave Shawsng t he
construction gf an electrically controll ed di esel engi ne exhaust particle
col | ecti oWPUEDI BECa@ESPAPRE £F &°s&CENG2ERBBIPRERE Cdf St Rils FAVEAT Yo eF g.

10 is a dpageapnabi Corprad 1 PSS oSadiONgl pdaW 1Show Hg: & hengerst,r uctron of
this exhaust 20 particle collection device; and Fig. 11 is a vi'ew show ng
t he dénst ER&si ¥RYef tholaf Pife coirkoa Pacdipdeat édai wheli arexnaust chargied e

col | ecti ogngdeyjyey, (2 belngea Atk hace (e Wl £,db)1 1 553 5kde fee

vi ew, The principa ference between the exhaust particl e 25 collection
devi ce of ohhite etenleecnbddiepiattst efibodlibentideselebedodboléd, i sihtilvht a

baffl e plate 38_for reducing the speed of _exhaust gas 25 . is inserte
bet vveenpeﬁﬁgus?fga%e‘?ﬁjg‘fé Z%Oatri‘:dqtt ; f ronp-l)s(t%élétjé%ﬂtactcihlcﬂfqlﬁﬂst Cféf%o@y

provi di ngpsuehcacbafifdeg pled e 38, thatspeed mafrdhe- 30rexhaHst egast2daean be
further reduced, so further increasing the reliability of black snoke

col | €& i oR12fEF PHi Plefsddiafertl Ftgodr 1k areli hyrarmafi aldxidgflected
cross:secyiapeh 18089%; AhOWeNG i1 B2t IORSLEUELI 2R oA 2LBELLUEAL LY pGORkO! | ed
positive potential of deflection electrode 12. When they
approach collection electrode 11, they are adsorbed on to the
electrode plates of negative-potential collection electrode
25 11. Consequently, very fine particles from about 0.0lpm up
to comparatively large carbon particles 10, 10, ... of about
10pm can be efficiently collected.
Next, the detailed construction of the exhaust particle
collection device of this example will be described with
30 reference to Fig. 2 to Fig. 8.
The exhaust particle collection device of this example
consists, in outline, of two front and rear box~-shaped

collection wunits 16, 16 consisting of a large number of

needle electrodes 8, 8, ..., deflection electrodes 12, 12,



15 engi ne exhaust particle collection device according to a third 7EUEC2MZ
enbodi nent of the present invention; and Fig. 13 is a view showi ng the
construction of a baffle plate incorporated in this exhaust particle

coll ection device, (a) 5 being a rear fﬁie view while (b) is a side face
view, In this exanple, in place of the paffle plate 38 of the second

enbodi ment, a bafflepfate 38a,fpsaed, tdy acd Al e nurrpﬁ‘r of jgmal | hol es
39, 39, ... inthe vicinity of its center in radial fashion is’ enployéd. 10
By neans bbgthbeconsitttuctian vbltéajs BRappker gemercal I3 ,t hendaaedeffieet as
in the second eng digent descri bed abgv caﬁ be obtained. In addition, the
benefit c&A°H8% geé 8¢ CRSEURPsSBPr 838 PeP& preferable fromthe point
of view of fluiglsdynRawhcsni righat,the edd egppdi chads eof i abbeckochgipyat 15
the rear face of the plate can be prevented. It should be noted that Snal
hol es B9, 139, thered@sfotniEtessar iRdd havl nounpeiny sfitblned Fadi 4PI forbut
could be fbapesfgdahy iihao Aol 35Rka0. bk FRYLt BoeThadkaRNk g0 El gr 14
is a diagrammafi c axial "cross-section show ng the construction of "an

el ectri cathyscenangllleedt dli eskel cbngboagy exbaust parst icdmeaol 1ecis ofiodaetice
according to a fourth enbgginent of ghe present invention, In the exhaust
particle ¥oFPed i GRIGEGICECIE t1R s@3508xarhit eP2PA2ERdiIRT oheeBSt L
construct bgAnettbhe thi rdenbadifrente daseni bed ahove. vEotag2amd epdiler

auxi liary mesh 40 for purposes of flow speed reduction conSisting of

refradd oryopncerildl. suth tbesfapntedscst odl deyvimeodatsidnd niedi as ebjown
downst r eam.of..haf f] e a {t he _caonstrugti. f i X | e,
in additigh 53%50&% o?*?%% g?agﬁgg%gﬁé ggiﬁ%%g %%rﬁ%giﬁh 2% éﬁe%uguﬁgE
speed- r edabtapen fduxield ariythres hf dhgd hel extmadistogasc26di sheough dél ahbys

sl owed doyn, $9 t he effig&encg of bl ack ﬁnn e callection can be reliably

i ncreased?yet ¢4 % PESEN3865 PESFALEnEr t S5F % Taskhor Sthgncer,
construct hea ehoie Sefangenhodivinty Al dhoughciemhadi nepts efet ReepEgSENt
invention have been described in detall with reference to the draw ngs, the
5 spdd fiengdnst fderisoninte nte resterteedofodenaceofcashage ldnboddPmehhs, and
desi gn mOALELCHLIQANS, £1 Geyl DAL o00; O 19EPRNE LI A L1 ESRANCE, O chDGer
present invention are also included in fthe presént ‘i'nvention. For exanpl e,

t he shapegaad omiledr 26 ofethbubbectheges WheBebgold=detistg edec2T oflesmll
and defl ec loF g ec rod%s 12 cag be. nodi fied aé required and the nugger of
col I ect i oRaflt § 6 P48 b E™PKEr BA5cH 6P G8EPESSed a8 PERATPEY. 1 AFQotRe

al t hough, ekbethaleradirementdescai bed aboueotbbeecasa s despebbedelin
whi ch the exhaust particle collection device_was nounted_ 15 downstream of
the €9 enBr ONEhéfEe| £2a76 PdsPRVEEPoR2PENTNIE, SAnBNRE EBLIECHECHDURL B

A A e i o e o P
mat eri al . device casing 17, with a prescribed separation between them,
there is provided a pair of two floor rails 29, 29 arranged
parallel to the front face, and two ceiling rails 30, 30
25 arranged at positions facing respective floor rails 29, 29,
the construction being such that collection units 16, 16 are
inserted into and held lined up in the forwards/rearwards
direction in such a manner that they can be freely removed,
by sliding forwards into the interior in a condition with
30 collecting units 16, 16 fitted on to floor rails 29, 29 and
the corresponding ceiling rails 30, 30. It should be noted
that although not shown in Fig. 3, in the condition with

collecting units 16, 16 inserted and held in device casing

17, the exhaust gas 25 that flows from exhaust inlet 22 into



2 6 DE C 2002 17 Wat is clained is: 123 4567 89 10 11 12 13)g4rt30
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1. A diesel engine exhaust
particle collection device for collecting, under electrical control,
particles in an exhaust froma diesel engine, said device conprising: one
or nore collection units; and a device %%sing provided with an inlet and

outlet fog.gaibd exhaysi,gnd tpat hq%gft86ﬂﬁhé4%451 ;gas%ni%%c%%%%hv%Q

therein; wherein sald oné or nore collection unit e renovably Fecef ved
and di sposkdoinphsaiad ldentdicen casing; 1$ai d onkeboravbeingl | dCscloanr ged t $o

i ncluding, respectively: a,pluraljty of needl e el ectrodes having
respectivEE? gxﬁgéﬂﬁi FPBl$8Pm8ﬂ5rging up said particles by creating a

corona di schar ggs afioivyd sai digeed] echéR; <81 pEtabhty¥n0f ¢6l LepkiBgs of
el ectrodes for collecting said charged particles by electrostatic force;

and a pl upalsiltof tefd -defdeddrsirons e uttuxrlest f gonveparalianf npefd esthonif odie to
sai d charged partic|es [ a_corresp ing.one of sai.d collectin
Qng T ncéve e%gﬁfrgée SH%PPl% Qﬂf ﬁég?rgﬁgs ngbfggxrgh?gﬁgped,

el ectrodeS: "wherein eac Saf d°det'léctioh &
each of sahd setedteiekecyr agdelbeeagaharned ahoantip Piga ¢or regpomdeng one

of said deflection electrodes sp as to prosject therefrom such that said

needl e tipifs directEfh ohdVe ahrapEtpeantRERIDI d&ict rOdfauseSsabLA86E,

thereby foppingeang! Wealhdyqpd gh@@&&gg@saﬁgen@lu§§h£§s§§§%JV@&MngPd%fup of

said needle el ectrdde and said deflection electrode; an erein a

pl ur dl0i t ycolleahhens ederdicatesd by, eléct r.ode pbht ebiahkianglapgsaindmber
coll ect g £l SEbedes She atianged L el hes eadion. whsighrebanst
bei ng arrapged.w t higsemdrdLspanding ang oftsam@ together a plurality

of metal plates l1lla, 1llb, ... vertically and horizontally in

a mutually orthogonal condition with separation of about 20mm

15 on a square metal frame 33 having openings at front and back
are combined to produce a concave electrode subunit 32
wherein a large number of tunnel-shaped collection electrodes
11, 11, ... of about 20mm square and length 5 to 6cm are
arranged in lattice fashion.

20 Also, a convex electrode subunit 31 is constituted by
electrode assemblies (the same  number as collection
electrodes 11, 11, ...), in which needle electrodes 8, 8,
project at the tips of deflection electrodes 12, 12, ... in a
condition with the needle tips 8a, 8a, ... directed towards

25 the exhaust inlet 22, being arranged in lattice fashion at
positions corresponding, in one to one fashion, to collection
electrodes 11, 11, e These electrode assemblies are
supported and fixed with metal linkage members 34, 34
assembled in the vertical and horizontal directions into a

30 unit and linked together. These linkage members 34, 34 are
connected through leads 20, 20 to the output terminal of the
high voltage side of high voltage DC power source 13 and high
voltages of mutually equal potentials are thereby applied to
all of the needle electrodes 8, 8, ... and deflection



32 tunnel s. 2 6 DE C 2002 18 1 2. A diesel engine exhaust parti QUEC?M
collection2 3 4567891011121 23456712345612 !
device according to claim1, wherein said one or nore collection units
conprises respectively a concave el ectrode subunit including a nunber of
said tunnels denarcated in lattice fashton by said el ectrode pl ates nmaking

up said cghg%g&kggselecigodesi2and a.ppnv§§nﬁg$§t%gg%eggbught iqcl uding a
plurality of said el ectrode assénblies respectively nadé up of sdi d néedl e
el ectrodeaard dSaixgddefdrett ismppelrecid odéd,rougdpeetlievelni cedlyespasdiiaging sai d

tunnel s, and mherg%$ ssid concave el ectrode subunjt and. said convex
e

e!ectrodemggB&ﬁﬁt POtped togelAL _Fﬁsénffﬁélﬁh?eﬁﬁﬁﬁbﬁgls?a§89a§? A
di esel engypeoexhaldshiparbhel 8scabkeali 8 8¥hERgaGEOrHbRY SRqChabm 1,
wherei n of the cross-sectional area of each of said collection units, the
area of the reghonthhatfresdenidcd | 9fconselt suepoatcHaamse For therexhaust
is set to.be at | east | C S .great_as e crosssectional ea.of .said
exhaust passgéje of %%ueg%gl egléal%aelngl%ﬁgr.neAgﬁ d%é’sl:el pléﬁ%?shees ex%usstloﬁgrlpfycl e
col | ecti onogetihee ,acrokshige t proatadl winher&dn frapsd t bye-ipel afidyt hiagh
voltage is agplied to each of each of said needle el ectrodes thereby
gener at i n§2pési £i2¢E5i on8YbySYPERLNAg BN ortiie? Wi Scifdieye 38 o®fd €RECAZEdI e

tips wher@@éc%?%faeofsluwrﬂtcoﬁ emggtﬁl@Cgieé@isnalt@os@gﬁ@ drée di egelgngi ne

exhaust particle collection device according to Claim erein
posi tliG/e- gal ar icondaivgh edleicdgedies spibiued tt o 3€ach sof meantiedeedhe élreetyodes,

nir by, SSURLALLAD PPELLLE LOUR,BY sHLEFUG 2 Garene oL sl deral suad Che

way, all the collecting electrodes 11, 11, ... which are
arranged in lattice fashion are put into a condition of
electrical contact with device casing 17 through metal frame

15 33, slotting-together metal frame 37 and metal support frame
35. Thus, since this device casing 17 is earthed when it is
fixedly mounted on vehicle body 18, collecting electrodes 11,

11, ... are also earthed. Furthermore, since electrically
insulating members 36, 36, ... are inserted between the

20 electrode assemblies (needle electrodes 8, 8, ... and
deflection electrodes 12, 12, ...) and collecting electrodes

11, 11, ..., both these are electrically isolated from each
other. It should also be noted that, in this example, in
collecting units 16, 16, the total of the c¢ross-sectional

25 areas of the gaps of collecting electrodes 11 and deflecting
electrodes 12 that constitute the passage for the exhaust gas

25 is preferably set to be at least twice as great as the
cross-sectional area of the diesel engine exhaust passage 25.

In the above construction, as shown in Fig. 3, when the

30 engine key switch (ignition switch) 15 is turned ON, the
engine is started up and simultaneously voltage of DC 24V is
supplied from battery 14 to high voltage DC power source 13.
When high voltage DC power source 13 receives the voltage of

DC 24V that 1s supplied, it generates high voltage of DC 5 to



5. A diesel engine exhaust particle collection device according to gl ﬁgb %
wherei n speed reduction. neans for snoothly sl ow ng down exhaust fz \p/ 0
provided in a vicinity of said plurality of said needle el ectrodes. 2 6D
E C 2002 19 1 6. A diesel engineexhaust. particlecollection2 device
according to claim1,wherein said di esel ngi ne is3 a

vehi cl e- mgypt eéiz@ae%%lt%%netmé\ AN &% Aokt A YA - Pear  collecti

L. ASN9. A3{l 9. A3Y9. AY9. A 9. A3a% AY9. A3. A3, % Af U. AS( e. A( 96A] bcw (V\)(dL

} xsni d_ZUpeafsa) i) cé@ca] é@]e@d]ecaé}b@qiueqdﬁi c&a] 8a] cal.ca]ch] whlch] d:dn]ea@] calc

N Ng N T I
ﬂ ?ca]r o %I;%C >é c]j’él C%%] gg]j QF%;?]@% ca f%%%%?ca]fééréaf’(:a] &8 a] ca
] ca] ca] Cah@a]l@@}tqa]gcaelp@dtcﬁd&@d ca]zc“éu]z:a] ca' atr"e" " #B(&f@l(;?( @) paetiiknl-///

222233334455777} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca]%a] pafreardalic a) K oa] 2] PaFEAFeAPEa] CATCE THT/=PEee8PBRDEIGEIPCONMEX

@GAGDCSG(E&&} ﬁi?—%%’?—%?—%% biﬁ V\}}rl'r%cpﬁeg]l] cailc%ﬁ ca]aéa] ca’] cd]'ca] ca] cae] ce]f] cal ca
] ca] ca] cakdaktaldakcalsga] Ga] cal] ca] cathrcajxa]ebdclad £ad cadeal ¢a] cal.dJ- K.sKI KIK
KKNNNPPQ

QUWWAAA__ EBBIEHIMRNS AN IEHITR TAT] 11 caf Rt Balieapdarcal b dy) BaFELE] (Fa}]péa] cal
ca] ca] ca] ga] calcal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! qqqqqqg* q2qHgr gx
g~qgr r uuwwwwwwix xx" x. x6xxxJyKy! z" zzupkf a\ W] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]
ca] cal¢a] ca] ca] @9?%9?@%1}%g¥cam]nca]:ba] cHfrealsta] g2d] o cal] celealdlicsielz CzDz

A} cal cal o5 CAFGal'ta] o] ca] ¢h) CAoa] t5hta] 5] cof Ca] SaFaTca ol Caf cal ed! A

D 4sY" 0%@a@)ﬂblﬁﬁﬂid@-oﬂlﬁﬂhﬁéraﬂiﬁﬁﬂj)low ionization energy such as
3109%& ' 109 =" ml0%&
10$<10((Va)&' (f)esﬂg“% " &e(‘) ip ﬁ%(e) @@é‘ %sf‘éc?&'l@)“l(ze&\n?f@%&“@) Pqsfidve () -

10 10 ions, which are adsorbed on to carbon particles 10, 10, ...,
15 conferring a positive ionic charge on the ©particles
themselves. Of these thus-charged carbon particles 10a, 10a,

., those nearest the correspondingly collected electrodes

11, 11, ... are adsorbed on to the electrode plates of
negative-potential collecting electrodes 11, 11, ... In
20 contrast, charged carbon particles 10a, 10a, ... that are

more remote from the electrode ©plates of <collecting
electrodes 11, 11, ... are first of all deflected (repelled)
in the direction of collecting electrodes 11, 11, ... by the
positive potential of deflection electrode 12, and, when they
25 approach collecting electrodes 11, 11, are adsorbed on to the
electrode plates of negative-potential collecting electrodes
11, 11, ... It should be noted that the cross-sectional area
of device casing 17 where the exhaust gas 25 discharged from
the diesel engine flows into device casing 17 from exhaust
30 inlet 22 is set sufficiently greater than the orthogonal
cross~section of exhaust passage 23 of the diesel engine, so
that the speed of the exhaust gas is lowered. Consequently,
the black smoke can be efficiently adsorbed on to collecting

electrodes 11, 11 before the exhaust gas 1s discharged to the
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curtain of corona discharge is formed over a wide range at

two locations at the front and at the back. Consequently,
carbon particles 10, 10, ... can be collected in reliable
fashion. Consequently, continuous and stable corona
10 discharges 9, 9, ... can be obtained and also, since the

diameter of the trunk portion 1is large, outstanding black
smoke collection ability and durability can be obtained even
under severe conditions such as when mounted in a vehicle.
[B] Second embodiment
15 Fig. 9 1is an exploded perspective view showing the
construction of an electrically controlled diesel engine
exhaust particle collection device according to a second
embodiment of this invention; Fig. 10 is a diagrammatic axial
cross-sectional view showing the construction of this exhaust
20 particle collection device; and Fig. 11 is a view showing the
construction of a baffle plate incorporated in this exhaust
particle collection device, (a) being a back face view while
(b) 1s a side face view;
The principal difference between the exhaust particle
25 collection device of this example and the first embodiment
described above is that a baffle plate 38 for reducing the
speed of exhaust gas 25 is inserted between exhaust gas inlet
22 and the front-stage collection unit 1l6.
By providing such a baffle plate 38, the speed of the
30 exhaust gas 25 can be further reduced, so further increasing
the reliability of black smoke collection.
[C] Third embodiment
Fig. 12 is a diagrammatic axial cross-sectional show

showing the construction of an electrically controlled diesel
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5 being a rear face view while (b) is a side face view;

In this example, in place of the baffle plate 38 of the
second embodiment, a baffle plate 38a formed with a large
number of small holes 39, 39, ... in the vicinity of its
center in radial fashion is employed.

10 By means of the construction of this example, generally
the same effect as in the second embodiment described above
can be obtained. In addition, the benefit can be expected
that this arrangement is preferable from the point of view of
fluid dynamics in that the eddies which are liable to form at

15 the rear face of the plate can be prevented. It should be
noted that small holes 39, 39, ... do not necessarily have to

be distributed radially, but could be dispersed in irregularzx

fashion.
[D] Fourth embodiment
20 Fig. 14 is a diagrammatic axial cross-section showing

the construction of an electrically controlled diesel engine

exhaust particle collection device according to a fourth
embodiment of the present invention.

In the exhaust particle collection device of this

25 example, in addition to the construction of the third

embodiment described above, for example an auxiliary mesh 40

for purposes of flow-speed reduction consisting of refractory

material such as stainless steel 1is provided immediately

downstream of baffle plate 38a. With the construction of

30 this example, in addition to some of the black smoke being

adsorbed on to the speed-reduction auxiliary mesh 40, the

exhaust gas 25 is considerably slowed down, so the efficiency

of black smoke collection can be reliably increased yet
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specific construction not restricte to that of these
embodiments, and design modifications etc. that do not depart
from the essence of the present invention are also included
in the present invention.
For example, the shape and number of needle electrocdes
10 8, collecting electrodes 11, and deflection electrodes 12 can
be modified as required and the number of collection units 16
can be increased or decreased as required. Also, although,
in the embodiments described above, the case was described in
which the exhaust particle collection device was mounted
15 downstream of the silencer, there is no restriction to this,
and it could be mounted upstream of the silencer. Also,
conductive ceramics could be employed as the structural

material of the collecting electrodes 11 instead of metallic

material.
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2 device for collecting, under electrical control, particles

in an exhaust from a diesel engine, said device comprising:
one or more collection units; and

a device casing provided with an inlet and outlet for said

exhaust and that holds said collection wunits received

therein;

Qo ~J o U s W

wherein said one or more collection units are
9 removably received and disposed in said device casing;
10 said one or more collection units including respectively:
11 a plurality of needle electrodes having respectively a
12 needle tip for charging up said particles by creating a
13 corona discharge around said needle tip;
14 a plurality of collecting electrodes for ccllecting
15 salid charged particles by electrostatic force; and
16 a plurality of deflection electrodes for imparting
17 deflection force to said charged particles towards a
18 corresponding one of said collecting electrodes;
19 wherein each of said deflection electrodes 1is of a
20 rod-shaped, each of said needle electrode being formed at a
21 tip of a corresponding one of said deflection electrodes so
22 as to prosject therefrom, such that said needle tip is
23 directed toward an upstream side of said exhaust passage,
24 thereby forming a plurality of electrode assemblies
25 respectively made up of said needle electrode and said
26 deflection electrode; and
27 wherein a plurality of tunnels demarcated by
28 electrode plates making up said collecting electrodes are
29 arranged in lattice fashion,whereby exhaust gases pass
30 through said number of tunnels, each of said electrode
31 assembly being arranged within a corresponding one of said

32 tunnels.
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4 subunit including a number of said tunnels demarcated in
) lattice fashion by said electrode plates making up said
6 collecting electrodes, and a convex electrode subunit
7 including a plurality of said electrode assemblies
8 respectively made up of said needle electrode and said
9 deflection eiectrode, respectively corresponding to said
10 tunnels, and wherein said concave electrode subunit and
11 sald convex electrode subunit are slotted together in a

12 freely removable state.

3. A diesel engine exhaust particle collection
device according to claim 1, wherein of the cross-sectional
area of each of said collection units, the area of the
region that essentially constitutes a channel for the
exhaust is set to be at least twice as great as the cross-

sectional area of said exhaust passage of the diesel

N oy s W

engine.

4. A diesel engine exhaust particle collection
device according to claim 1, wherein positive-polarity high
voltage 1is applied to each of said needle electrodes,
thereby generating positive ions by creating a corona

discharge around the needle tips, whereas each of said

G U1 s W NN

collecting electrodes are earthed.

5. A diesel engine exhaust particle <collection
device according to claim 1, wherein speed reduction means

for smoothly slowing down exhaust flow is provided in a

PO -

vicinity of said plurality of said needle electrodes.
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