TITLE OF THE | NVENTI ON | on- Generating Device and El ectrical Apparatus
- TECHNI CAL FI ELD The present invention relates to an ion-generating
device and an el ectrical 5apparatus, and particularly relates to an
Lon-generating device including an induction electrode and a

di scharge el ectrode having a needle-like tip, for generating ions by
di scharge, and an el ectrical apparatus provided with the

i on-generating devi ce. BACKGROUND ART Many i on-generating devices
that utilize a di scharge phenonenon have been 10 commerci al i zed.
These ion-generating devices are generally configured with an
ion-generating@elenent for generating ions, a high-voltage
transformer T LFSQBM%V@%FI% vol tage to the ion-generating

o e e N BbIRABARDBEAL) B LSl Aol 1 VI N0, L e

hi gh-vol tage transtorner, and a power suppP Nput unit such as a
connect or. AREEKdIPAE FOELPhe comerci al i zed i on-generating el enents

i ncl udes the one ,A[.hat 15 .uses a tal wire, a netal  plate having an
acut e- angl ed por t 1I5PresEat{RVRGHRA Tefakss toap Mn-gegeratingedavicg andian gleciiiedt har ge
el ectroge, ashatffSard JiBIcAlarprdt€s ton ¥d- nen%in% E@vic!e'illfé?g gzﬁligi&'ﬁgg
potential as an induction electrode (counhter eflectrode), or the one

t hat uses t helegjrode pril adischargerstbgtrodednving ackeedetikatin fogeaemntidg ions by
particul arly,dispose .an j nduction el ectrode..|ln . the ion-generating

B erent of ¢ A LBy 4 oG b 8ReR BRI Srinath p gpc e oo,
20gener at i ngBACEMRUUNDIARZES a schene to produce a di scharge
phenonmenon by causing electric field concentration at a tip of an

el ectrode, whi ch Maw iag-generang deviess ghas gtilizsra dissharge phenggenomipad beenl | ke
portioggto s . a4 di € q :TeY ol V! hi.gh .

vol taggot 0 tﬁ%ﬁgﬁrg}%{zr@%de?@g%%gggggé@%&r aa%gl%% %Mgg?qe@? cé?%a%ﬂ%o%}g%ﬁ %Phe
air in closegenerting ¢igmerdt firtpendraging i8dAn higkamhbge tednsfohferifonsugpRREAtHiFHY
el enents that utig i.ze this schene is ﬁ%gevi ce disclosed in, for

exanpl e, Jap4ieseiopls OAteeRIieE rsh ajieh vobagwewsHting fircitoninvug then
discloses a Hgamebitfdiordat il 8 Poethp A AR Gh hOMEMEAYE dod Wit h
a needle-like netal, and a cylindrical "elfectrode provided to face the
di schar ge el ect r gieexample of the commercialized ion-generating elements includes the one that

15 uses a metal wire, a metal plate having an acute-angled portion, a needle-like metal, or
the like as a discharge electrode, and uses a metal plate, a grid, or the like at a ground
potential as an induction electrode (counter electrode), or the one that uses the ground
as an induction electrode and does not particularly dispose an induction electrode. In
the ion-generating element of this type, the air serves as an insulator. This ion-

20 generating element utilizes a scheme to produce a discharge phenomenon by causing
electric field concentration at a tip of an electrode, which has as an acute-angled portion
such as a needle-like portion to serve as a discharge electrode, when applying a high
voltage to the electrode, and causing an electrical breakdown of the air in close vicinity
of the tip.

25 An example of the ion-generating elements that utilize this scheme is a device
disclosed in, for example, Japanese Patent Laying-Open No. 10-199653. This
publication discloses a device which includes a discharge electrode provided with a

needle-like metal, and a cylindrical electrode provided to face the discharge electrode,
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and serves for extracting negative ions generated.as corona di scharge
occurs, to an outside of the device. For anot her exanple, there
is a device disclosed in Japanese Patent Laying-QOpen No. 2003-308947.
The publication describes a configuration in which an induction 5

el ectrode is disposed rearward (in a lateral surface position) with
respect to a tip portion of a discharge el ectrode needle. The above
publication discloses that the shape of the induction el ectrode may
al so be of a stick type, a plate type, a nesh type, or the like, and
that the key point is not the shape of the induction el ectrode but

t he di sposition thereof. DOCUMENT LI ST 10 PATENT DOCUMENT Pat ent
Docunent 1: 3uhwnesrparasting hegplivejosnpanendted 450orba9 685chalmtcemtrs Boamnent

2. Japanese@%i%#%xi ng- Open No. 2003-308947 SUMVARY OF THE
| NVENTI ON P SOLVED BY THE | NVENTI ON 15Positive ions and

hegative ions genesraheleddsartlhis et e dviRNPRRedM JARhEY PaREPIRiNEOpal
a nmonment of production bﬁ“ bei ng neutralized when a ' ]

posi tivel y- aﬁﬁi 7003-398547e g dhe paligatigusicseriben b senfigsrrionin which an inflectionns
havi ng rev RS - bei | .z b,y _collision .
bet ween gpos i taléég)dle ?n‘ggplg%\% rF\ eg 3’?@2&%&% glgllrfi%c%%g %)lg(grg ,w‘gthynrasl’teﬁtetolai HPPOrof
i on- gener at i ofp dischirge elettneletneedie neftetabovopublicaios dREDsee that tHeMapd of the

space. 20A chal len to, be tackled is to how to reduce the .
_rgcorrbi nat i o’t’?g'éﬂlanggﬁtf‘?délni‘a%‘?ﬁog’ﬁ Ogétsmp%&ﬁl‘%t? Yeeiagnghae, etk and
ions, as desghi e dePRAMSs not the shaﬂ%éﬁhe inBu R efleid&etud ‘ch%ccﬁsgﬁggoﬁ fhereof

Japanese Patent Layi ng- Qpen No. 10-199653, the negative I
gener at ed byD@ﬂ@ﬁéNﬁi%é%Tlarge are trapped at a wall surface in the

cyli nd&bcal ﬁkﬁﬁ&%cm@at ion em ssion efficiency is decreased.

Patent Document 1: Japanese Patent Laying-Open No. 10-199653
Patent Document 2: Japanese Patent Laying-Open No. 2003-308947
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

15 Positive ions and negative ions generated by discharge disappear by being
recombined at a moment of production, by being neutralized when a positively-applied
or negatively-applied electrode attracts the ions having a reverse polarity, or by being
neutralized by collision between positive ions and negative ions in a space, and the like,

The ion-generating device aims to generate more ions and emit them to a space.

20 A challenge to be tackled is to how to reduce the recombination and neutralization
between positive ions and negative ions, as described above.

Here, in the device disclosed in Japanese Patent Laying-Open No. 10-199653,
the negative ions generated by corona discharge are trapped at a wall surface in the
cylindrical electrode, so that jon emission efficiency is decreased.

25 In the configuration disclosed in Japanese Patent Laying-Open No. 2003-308947,
directivity of a distribution of an electric field, which is directed from the tip portion of
the discharge electrode needle toward the induction electrode disposed rearward (in the

lateral surface position) with respect to the discharge electrode needle, becomes
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251 n the configuration,disclosed in Japanese Patent Layi ng- Open No.
2003-308947, directivity of a distribution of an electric field,
which is directed fromthe tip portion of the discharge el ectrode
needl e toward the induction el ectrode disposed rearward (in the

| ateral surface position) with respect to the discharge el ectrode
needl e, becones nonuniform Because of the nonuniformty of the
electric field distribution, noving directions of ions al so becone
nonuni form so that ion em ssion efficiency is decreased. In

addi tion, discharge at the discharge electrode tip beconmes unstabl e,
so that ion generation efficiency is decreased. 5As to the size of

t he i on- genereuinifieymdeBecaist obtbe hominifornhity dfdhe dentwe fdld digtritetion enoving
occupies a spml l.er area, it achieves.a w der .range .of uses, .and whe
TECHE aes et et R sk e B Ry 1o e 1 Puion S Py s
to be inposerh addRian, dischergsl bisthO 8iRchat gt ddieoaPRRb&LHSs BREMIE s BMEHn
Further, in addition _to the area to be occupi ed as descri bed above,

t he t hi cknesgengfatipmefficigpcydedrsraassdng device is preferably decreased as

~well, l1Qbecause n t . have. a..narrow.ai r bl qw passage.
o b oB a ol | Shiofng 844 BRACIRIAMAGR IS8 W e B b N BRRERS
negati ve i onsccapies dlghdlleesres itaehicte dbbidenrangd of vealiaR] whealdl ie astumet &y B

at the di scharlge | ect rode%Li p and i npraqve ion_generation efficiency,
by decreasi ngOFHE PhiteeleHTIGhiRMratsniesgisHensde ba imposed whemi alisppsedrin the
di scharge el gobf08@etdn REEr rFﬂPcH@rgin_l%}‘idﬁilaﬁtéf B Y10 e8+c§8feﬁggges d
15neutralized and by generating a uniformelectric field, so as to
event ual | y awiove\tke thicgnist pLihnion-groemtisgdévicensipsferabyf deceasedtas web,

itt Furth f ' int. of sh d st t ,
chal | oAl 1 BT LR Bount B0 RaEARRTY R BacPsiBons o has &

mi ni mum t hi cknessinarief; haBalidipd i9t, bekeR oh Md fHemBE ENEPYsitRR dndndaliVeions
circuit integrated therein in a conpact shape, in 20consideration of

fixed positi®hselrrodipy thy Hewn pigeausestabladisshange at the diselegstdlestrode tip and

c SEtroder PRI PRl ARG 305 LSS BB

el ect r ode t i qischeiggrethe disclargedamodatipatettipped BNtha hdasvarsdetisde @ad

others 15 neutralized and by generating a uniform electric field, so as to eventually achieve
significant increase in number of ions to be emitted.

Furthermore, from a viewpoint of shape and structure, a challenge is to
implement an ion-generating device which has a minimum thickness and has an ion-
generating element and a drive circuit integrated therein in a compact shape, in

20 consideration of fixed positions of the discharge electrode and the induction electrode,
prevention of creeping discharge of the induction electrode and the discharge electrode,
protection of the discharge electrode tip, degree of freedom in mounting on an
apparatus, and others.
The present invention has been made in view of the above-described challenges,
25 and an object of the present invention is to provide an ion-generating device capable of
improving ion emission efficiency, and an electrical apparatus provided with the ion-
generating device.

Another object of the present invention is to provide an ion-generating device
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The present invention has. been made in view of the above-described
chal | enges, 25and an object of the present invention is to provide an
i on-generating device capable of inproving ion em ssion efficiency,
and an electrical apparatus provided with the ion-generating device.
Anot her object of the present invention is to provide an

i on-generating device capable of inproving ion em ssion efficiency
and suitable for conpactness and reduction in thickness, and an

el ectrical apparatus provided with the ion-generating device. MEANS
FOR SOLVI NG THE PROBLEMS One ion-generating device in the present
invention is an ion-generating device 5for generating ions by

di schar ge, i papebidiofiigpravinl ©u lesisgion effieiebeycnhe suigadik fan comphisaieisand reduction

| ectrode. The,dj sch | ect rode h .needl e-1i ke tip. The,
nduct i on el BRI ASHeqidea BIPAroEis P Y i ARG Benateing Eelios

t hr ough hol eMrAN®HOR SOIevIN®TEE Hrissdingghar ge el ectrode penetrates
the through hole of the induction el ectrode, and protrudes upward

with respect to afntigpeenssingaiceicoin thhpresdnhinvgitianeés poiot-igereraigtdeece

the preSent Thpenrying OERE YRl Wbt ERFnGE JRRRI o iR oo

t he circul areledirodeghThodigchadze eletrddr s & neddlechi®G . 0dRe irANELALIRHDES has
portion of thng.tdi scharge el ectrode_is surrounded by the induction

el ectrode. ThiEsttals BOMPR atwhigh eroylss dirpygh hole igarede.at Bhedtip of thedisdherge
field fromt i t L e r Lch
erves as t no Aneg Brreict el rorche B A ELREE TR Rl hward
15entire ci rwiilvfaspeshtoean uppeeduyfacaoafahe B4 Qlatepgrtiom ofihe Wduedh ddeppd€ss
nonuniﬁﬁrnity of he(girec ivitg of an.,electrjc field distribution,
Accordirngly, it i‘4°REHLS 19)18° ONF AN SHNCLALis devichin il RResept BYenting, thefip of

movi ng di r ectht @RGharydeledirotis p&RHERShR Xirk1F tRRNEINHAI HFie Yndebtidd Bectrode
electric field distribution, and hence it I's possible to Inprove Idn

em ssi on ef f31dia8puier aation afithe dischaspetletitrdh isryaoandet iy tih indintipg electrode,

::c ?lcler gggyt i ’?heréf&%?it tbie&gneis BoésmPJ t%\fg%rqggtte a'n réle!:t%@ ﬁ%]%q-?orzlr? {haetniegdﬁe-like tip of the

.discharge electrode, which serves as the center, toward the induction electrode along the
15 entire circumference, namely, over 360° in plan view, and suppress nonuniformity of the
directivity of an electric field distribution. ~Accordingly, it is possible to suppress
nonuniformity of the ion moving directions, which is caused by the nonuniformity of the
electric field distribution, and hence it is possible to improve ion emission efficiency and
cause stable discharge at the discharge electrode tip, resulting in improvement in ion
20 generation efficiency.

Furthermore, the tip of the discharge electrode penetrates the through hole of the
induction electrode, and protrudes upward with respect to the upper surface of the flat
plate portion of the induction electrode. Therefore, it is possible to decrease the rate at
which ions generated by discharge at the discharge electrode tip are trapped by the

25 induction electrode and neutralized, and increase an amount of emitted ions.

Another ion-generating device in the present invention is an ion-generating

device for generating ions by discharge, including: an ion-generating element: a high-

voltage transformer; a high voltage-generating circuit; a power supply input connector;
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Furthernore, the tip of the discharge el ectrode penetrates the

t hrough hole of the induction electrode, and protrudes upward wth
respect to the upper surface of the flat plate portion of the
induction electrode. Therefore, it is possible to decrease the rate
at which ions generated by discharge at the discharge el ectrode tip
are trapped by the 25induction el ectrode and neutralized, and

i ncrease an anount of emtted ions. Anot her i on-generating
device in the present invention is an ion-generating device for
generating ions by discharge, including: an ion-generating elenent; a
hi gh-vol t age transfor rrer a high voltage-generating circuit; a power
supply i nput 2E&rfrees or Th w%&ﬁf&f@&é elegentipauges i d@éh%ﬁ%ﬂ?ﬁ@déﬂ?@‘ﬁ%@

i ncl udes a_ dheagiaatgep haGhiRey J}@e\réc ABaEn AR Bt llafoddiBy aWMcitl ciroplar

i nduction el ectrode having a portio crreul ar

t hr ough hol ethi@ighrhdle is e ththrgbalvbhm ttanaﬁoaﬁe:mm smp;alyﬁm:ga Sigippdltiga g a
hi gh vol tage, to the i ener at The,

vol t age- geneP &I AL ﬁ%ggm?rg ftt?egfagl? Yﬁqe e-g Fl‘?r"rﬂnéﬁlrc‘ﬂ?/’é for4lgiving the high-
transf ogner . volfage RORIrmE P At pbﬁ@ﬂiupﬁ?ﬁﬂﬁ?&&ﬁle&@r ﬁleﬁﬁrirc!il ohected to the
connected to the high voltage-generating circuit. The ion-generating
el ement, thehigh mitaﬁférgt:@geémgrcaﬁs& orlfe ion-ganerating Hementt &g@g@m&a&t i ng

circuit, onnetor re dis in t

Cheng. | Tho trnsrRe e kRl ed RSO BREE Bl oBF St SBRAE Mol eanifrtor
hol e of the aradispdse@m thb eaishfgod&”he £ Of 1he At @SelstRaE Pethrhils (RIRRGEN t O
an upper surf %OOf the flat plate POI"[I on of the I nduction

el ect r ode. ’@9}‘%}0&@1%60@1 arfepretrudesaippiaghw b respRsb to e pioturface
t he hi vol l?érh

connec£91 gr aréeﬁ%f}fgg éﬁlgyéur?g%%ggé]\n?t ﬁﬂ)\ré%n"é&igpaltn}{g El@BQﬁt the
anot her, anchigh- sqitasettamﬁonﬂae thealsghgohage-gmamthgg:rrahedndrﬂi&rpeﬁ.rer supply
According ta the ot her ‘ﬁ ge erat %dew ce. n theg_{)resenthfe
Mvention. R EpRerr sl 5ah ARl et Fsh B shethid viesen and
circul ar thr(ﬁq;gbbdhﬁlﬂﬁ dabing n@nllﬁt@gk@{ea%ng&ect rode, and the outer
portion of the discharge electrode is surrounded by the induction

el ectrode. Ther efAficardingtogkeefherdopaenstasing d@‘dcﬁglerﬂeer presentimvesition;tthe tp of

fsia?llgs flg g mt Ltg? d@&% eeeléc'trgge %Afﬁgﬁ%% %,}]1 %1r€u1gﬁt gli l?Eig 8?“5 |115ﬁ8t1‘5{fh%e°gﬁf’?:r e

ci rcunf er encaagd thrmmd:r;gortﬁmmf tR@&lﬁhhange pleaifodd i€ ¥irrciindedSBAPME @RS ction electrode.
of an electric field distribution.

nonuni form ty of, the 20direct]
Ther ef or e, "{hefegor £ beomes P%Ss@l%ﬁﬁ B8R 214 8P leriris feldifiam Bre neede-Hinimef the
directions Qﬁé&ﬁﬁg e BlMctE iR, MRiEH E‘érfiééra'gltﬁé’ceﬁ'ﬂ(er 30w 5k8hE fbifotioh %iegtrode along the

di stribution, hence it is possib to’inprove 1on emss
efficiency aﬁndrmsmfesetraialr@nﬁlyscmﬁg@ iatplahiviewt, iapd aipptdaen@uaﬁ‘dsr&ﬁ@ezfthe

el ectrgde, resulting in i t ini eneration efficienc
Qﬁi irectivity of an electrTB 4 dlstrrllbutlon "?her%ore {te?s posstllble to suppress v

nonuniformity of ion moving directions caused by the nonuniformity of an electric field

distribution, and hence it is possible to improve ion emission efficiency and cause stable
discharge at the tip of the discharge electrode, resulting in improvement in fon
generation efficiency.

25 The tip of the discharge electrode penetrates the through hole of the induction
electrode and protrudes upward with respect to the upper surface of the flat plate
portion of the induction electrode. Therefore, it is possible to decrease the rate at

which ions generated by discharge at the tip of the discharge electrode are trapped by
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25The tip of the discharge el ectrode penetrates the through hol e of
the induction el ectrode and protrudes upward with respect to the
upper surface of the flat plate portion of the induction el ectrode.
Therefore, it is possible to decrease the rate at which ions
generated by discharge at the tip of the discharge el ectrode are
trapped by the induction electrode and neutralized, and increase an
anmount of emtted ions. Furthernore, the ion-generating

el enent, the high-voltage transforner, the high voltage-generating
circuit, and the power supply input connector are disposed in a

pl anar manner, wifh, respect to one another, and di sposed in the casing
in an integrd€ "Sﬁ%?j%rf{od%“dﬂr?&tmlmed,i apdirpsessp prearn@inprafkenitted ions.

i on-generating demi i - r £ I he one, and
t he ot her ion-geﬁg?gﬁgﬁgbggsggégﬁ bR clement, ¢ %@éggﬁgggi gﬁ$ﬂmﬁﬁﬁﬁﬂgﬂ
t he di schar geoltsgegenepaiimgairchit, hed thegowes supplyliemt catectar ecdisspedada The
casi ng has ato n%!ate.ﬁg whi ch an io&Eenit i ng hole in communication
with the thr%ﬁ‘&ﬁ GPE VB FEHPECh TR PaE ARReretid dispgeRd 1 thercating:ia anTresraied
of the @i schangRr,ebekdk i1QdFoskisledb SRRS AR iéﬂl-géheﬂa%gaéviéeﬁﬁintghgicgrglg&t.”m

protrude upward with respect to a top surface of the to
It is thereby posiefrably thewnpprethe othet emi-generatiggddvives frthgenendd 4 @ising

performance Qf . ' | ect rode. due. t o, mechani cal i t. .
Fur t her nor e,‘ﬁi‘Yﬁ?‘?hg@%‘%?ﬁ"omﬁ? i ?I"g}l‘r‘t@&teleﬁté?l 36%&’15%?&5&@1?? apiBs
di scharge el lestartopl plafeait whith af SorRerittiig-HoR) ih a8RmuURikdtionah8h 1BE BYSIEh hole of
el ectric shock. 15Preferably, in the one and the other ion-generating

devi ces desciPf ByctigsRlestrode is &rgied. byhep efithe Hischargs elictrofieis dispotrdsgeh
el ectroge prghid i r.surface of the
flat piate porti gﬁﬁ g?&\tq'%fegrlo\ré\\dgggﬁ ‘g%egﬁglcr%%c?%@giag&gﬁloﬁra? ee?gtﬁ?lgor? Rate.
radi us of the thrlbisghertinl mossible to suppress ddigripatiaiiblon deferpi@vifformance of

di schar ge tht%édo curs.n tda%{| the tip.of.the 20 djscharge el ectrode,

but at a truf Iﬁgra{geogllecgr]o? ‘éetai”%e&h%‘l‘ﬁil’@a%t Fggeermate, s passiple to

di stance fr osreddnediratd igidi oRta6l ek 1He dRchated aé‘ctl%tiﬁ’?érﬁﬁ%as aamg%%y&egr% it
re abl'y,

possi bl e to suppress decrease in ion emSsion efficléncy.
the one and M@ ¥epeeciisshgener at i ng devi ces further include a

Isgggg{ |i50 zgels g? f? gfg‘%fgﬁgfjp%%é &I{Lganﬁ Ql?e ci:tﬂgr%grg-iggnréra%lng %g\;it(:)ecsi %ésc;!;geed above, a
length by which the tip of the discharge electrode protrudes upward with respect to the
upper surface of the flat plate portion of the induction electrode is shorter than a radius
of the through hole.

It js thereby possible to prevent discharge that occurs not at the tip of the
20 discharge electrode, but at a trunk portion of the discharge electrode, at which a
distance from the induction electrode is the shortest, and it is possible to suppress
decrease in ion emission efficiency.
Preferably, the one and the other ion-generating devices further include a
supporting substrate supporting the induction electrode. The induction electrode has a
25 bent portion made by bending the flat plate portion and supported by the supporting
substrate. The induction electrode is supported by the supporting substrate such that a

gap is made between the flat plate portion of the induction electrode and the supporting

substrate.



25bent portion nmade by bending the flat plate portion and supported
by the supporting substrate. The induction electrode is supported by
t he supporting substrate such that a gap is nade between the fl at

pl ate portion of the induction electrode and the supporting
substrate. It is thereby possible to suppress creeping

di scharge caused along a surface of the supporting substrate between
the i nduction electrode and the discharge el ectrode. An electrical
apparatus in the present invention includes: any of the ion-
generating devices descri bed above; and an air blow unit for
delivering at |east any of 5positive ions and negative ions generated
at the ion-gener aftiingergby pesaiblsrio auppresemreaping dischergn dansed nlong bsideeaf

the electric .at us. Accordi.ng.to.the,el ectri.,cal apparatus
in the pr eseﬂle S?E@O%% %lﬁftrait? berye 3@%1“8\1%“’5‘31‘?8 pg t#‘*‘o‘hé"%@@?éf&&‘% - at
the ion-gener at i Nngn@Rirca appar@ls Mithe ?r%;g@@mvaﬁioh%l@%: aR} 8P¥hE M
Therefore, it is possible, for exanple, to emt ions to an outside of
an air - condi SFR5FARG deieas YascEbeskabougi @né an eir Plomsunitdondeliveringad laast aap of
out si dexof a ¥ 4 E THE | NVENTI ON As descri bed
above, 2ccor ?%g}étig&taﬁgﬂ%@g%% Sgérfll\?gn R P geperaiing deyige.ong gleﬁ"graﬂe
el ectrode pesiedansaipes cutsaletofi theletttrival appadatdshe i nducti on el ectrode and
protrudes upward ct to the upper surface of the

. Wth res > .
i nducti on el ect r oft&cordipe ’Eorf%? "'IF?}H&E APRAEF YN thepreseat mKenjiop.dhisipessible to

| mproved. deliver ions generated at the ion-generating device on an air stream by the air blow unit.

Therefore, it is possible, for example, to emit ions to an outside of an air-conditioning
10 apparatus, and emit ions to an inside or an outside of a cooling apparatus.
EFFECTS OF THE INVENTION
As described above, according to the present invention, the tip of the discharge
electrode penetrates the through hole of the induction electrode and protrudes upward
with respect to the upper surface of the induction electrode, so that ion emission
15 efficiency can be improved.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic plan view that schematically shows a configuration of an
ion-generating device in an embodiment of the present invention, and a partially cut-
away plan view that shows a part of a top plate of a casing in a cut-away manner, and a
20 molding resin in perspective.
Fig. 2 is a schematic cross-sectional view taken along a line II-II in Fig. 1.
Fig. 3 is an exploded perspective view that shows a configuration of an ion-
generating element shown in Figs. 1 and 2.
Fig. 4 is a perspective assembly view that shows the configuration of the ion-
25 generating element shown in Figs. 1 and 2.
Fig. 5 is a functional block diagram of the ion-generating device in the
embodiment of the present invention, and shows how functional elements are electrically

connected.



BRI EF DESCRI PTI ON OF THE DRAW NGS . Fig. 1 is a schematic plan
view that schematically shows a configuration of an ion-generating
device in an enbodi nent of the present invention, and a partially
cutaway plan view that shows a part of a top plate of a casing in a

cut-away manner, and a 20nolding resin in perspective. Fig. 2is a
schematic cross-sectional view taken along a line Il-11 in Fig. 1.
Fig. 3 is an expl oded perspective view that shows a configuration of
an ion-generating elenent shown in Figs. 1 and 2. Fig. 4
is a perspective assenbly view that shows the configuration of the

i on- 25generating el enment shown in Figs. 1 and 2. Fig. 5is a

functional bl ock Hgdyie apespectivieviewihay echematically shievs xeonfiguratien of an air-
enbodi nent o&‘le tmt}le uD{tgli?ﬂte it vent | on, .. andd .shqrvr_\}/s ho .fupcti nal
el ements ar e“ & eet i cal My conneet et ms device shown it g1gs. L 4Gy spect i ve
vi ew t hat schematfigal i yn S{W@d&ieﬁ%ﬁthaa{f—@kﬁr&%ﬂﬁt MBwaiid Fig! € andwidg Uowt
that uses the ion-generating device shown in Figs. 1 and 2.

Fig. 7 is antheigsrasaeating deyicsfis disposed thergineani ng unit shown in Fig. 6,
showi ngxzhow t he i@p- j ' ' ' t i Fi 8
(A is g Cross- se@?’i%@gﬁg %l&lgvgxslg ?egt?aﬂ e‘gg‘%?%r?dﬁg&%ﬁ%%ﬂ&%ﬁﬁcﬂéﬁ %’P%&ed
gener at ed betetwem adigthaghakgeodelzad bn mdectandla@todaiducioren dekesgs ode in

a corona di scharge chani_.sm shown i n_Patent Docunent 2 (Japanese
Pat ent Layi n@g%’gﬂ“ .W?’@(?ﬁienégg@rm:‘Zéﬁﬂa‘ﬁﬁ"gl?at@t(]%)’mg@ljén att 4o

seen from a shigoept LNERTs @) idL HAWing sedrbth - dirfBct iaﬂow%l(ite‘i?igi. 8 ().

(cé) f
cross-sectional view for describing an electric |0ela§ generate
10bet ween the di Sopd @9 ivd coss-wdidorahdew Hier desdibitg apreleetrzdicldgbaenatedt he

; _ ti | t.int i e, Fot ] ti |
on 06 o ST Bl RSO el B B RISE B YRR,
Fig. 9 (A). element e edhBodibntiof it pésRaiavEREOA, Gnd Figls (B P b ARewifd seen

describing a_behavior of ions in the case where a needle-like tip of
t he di schar gEoBR&Festionof pg arrawS3dn Bg- 3ddh respect to the

Fig. 10 (A) is a diagrammatic illustration for describing a behavior of ions in the
case where a needle-like tip of the discharge electrode is retracted with respect to the
15 induction electrode, and Fig. 10 (B) is a diagrammatic illustration for describing a
behavior of ions in the case where the needle-like tip of the discharge electrode
protrudes with respect to the induction electrode.
Fig. 11 is a diagram that shows the results of measurement of changes in ion
concentration obtained when a radius r of the through hole of the induction electrode
20 and a protruding length f of the discharge electrode are changed in the configuration in
which the needle-like tip of the discharge electrode is positioned to protrude with
respect to the upper surface of the induction electrode.
Fig. 12 is a diagram that comprehensively represents in table form the relation
between protruding length f and radius r of through hole 1a, which is obtained from the
25 results in Fig. 11,
Fig. 13 (A) is a schematic cross-sectional view that shows a configuration of an
ion-generating element having a different protruding length of the discharge electrode,

showing the state where the tip of the discharge electrode protrudes upward with
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15i nduction el ectrode, and Fig. 10 (B) is a diagrammatic illustration

for describing a behavior of ions in the case where the needle-Ilike

tip of the discharge el ectrode protrudes with respect to the

i nducti on el ectrode. Fig. 11 is a diagramthat shows the results

of nmeasurenent of changes in ion concentration obtained when a radius

r of the through hole of the induction el ectrode 20and a protruding

|l ength f of the discharge el ectrode are changed in the configuration

in which the needle-like tip of the discharge electrode is positioned

to protrude with respect to the upper surface of the induction

el ectrode L:it%.p %2 is.a diagran1that conpr ehensi vel y

represents i%SReEbicdhs BPRldtne Fig 1Bl askewiog thas sewsibe sgiemdisgathe f and

radi us r of TRV al j ' : t '
ﬁrlaiélﬁgiﬂé" lleg%tlllg\)eof kR d1§6@érg9eléc?ro(ap R il ey J;l?%trgéé ﬁ?ctﬂ%'gxtsthﬁﬁ'

Fig. 11. IS a schemati Cc Cross-section VI ew
shows a confa gdiuabf the tbuginhdlon-Kigeld (@) isnglrekiegehnt skwsithestate dilkefeahent

protruding length of the_.di scharge el ectrode, showng the state ere
the tip of m@%&&%ﬁ&ﬁﬁ&f &eﬁﬁﬁgﬁeIB?WP feasthy pﬂ%a%mlftcﬁodq St
the topspl at £radik @f thdInloBh hale.@ drawi ng that shows the state where

the protruding length of The discharge electrode fromthe induction
el ectrode is | ondég 1A ise schethaiic cofss-sensiond viawgdl tholos-geférgtingledenia®y), i s

d i th t at e wh h di ng. | th of th
ST g B L S B S R e
radi us of t heeduddewgha Agperting substrhte @ 0, bd 67 14 8B)is 8 GERARLE 6ross-sectional

cross-sectional yiew of the ion-generating elenent, showing the state
where a di stUft el theprgrsratiag FlPlatfﬂtpfiha’tVélgﬁg? ftaisrlisgance pés anpredt i on

el ectr 9fe angrobEYRIRICARIYNOBUPTREIRVENTILH 1 0. 14 (B) 15 a
schemati c cross-sectional view of the 1on-generating el ement, show ng
the state di st anckn enplireers of thd presént MDBREBHIFER HeARRYENG dekfribetHRased on

| NVENTI ON dAn .enbodi nent of the present invention wll

herei naf t er BEIFRWSi bed based on the drawi ngs. Fig. 1is a

schematic plan vigyy 1ti9§tsclﬁﬁﬂﬁﬂglﬁﬁ Gi%iwltt{at%?%\tﬁ%ga%&%wy&ﬁﬁgﬁ}aﬁ&f ih

ion-generating device in an enbodi nent o fesent invention, and
a partial | y lewgenergmngaigviss mranembadimgait ofsheoprsseat paertionsf and atpapiafly atte of

a casifpg in &a@%ﬁinw tHAPEHAG)s 2 p%ﬂ%f g top plate of a casing in a cut-away manner, and a
molding resin in perspective. Fig. 2 is a schematic cross-sectional view taken along a
line I-TLin Fig. 1. Figs. 3 and 4 are an exploded perspective view and a perspective
assembly view, respectively, that show a configuration of an ion-generating element
used in the ion-generating device shown in Figs. 1 and 2.

20 With reference to Fig. 1, an ion-generating device 30 in the present embodiment
mainly has an outer casing 21, an ion-generating element 10a for generating positive
ions, an ion-generating element 10b for generating negative ions, a high-voltage
transformer 11, high-voltage circuits 12a, 12b, a power supply circuit (high voltage-
generating circuit) 23, and a power supply input connector 22.

25 Ton-generating ¢lement 10a is disposed on one end side (on the left in Fig. 1) in
outer casing 21, and ion-generating element 10b is disposed on the other end side (on
the right in Fig. 1) in outer casing 21. By integrally disposing ion-generating elements

10a, 10, high-voltage transformer 11, high-voltage circuits 12a, 12b, power supply
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nolding resin in perspective. Fig. 2 is a schematic cross-sectional
view taken along a linein Fig. 1. Figs. 3 and 4 are an expl oded
perspective view and a perspective assenbly view, respectively, that
show a configuration of an ion-generating el enent used in the

i on-generating device shown in Figs. 1 and 2. 20Wth reference to
Fig. 1, an ion-generating device 30 in the present enbodi ment mainly
has an outer casing 21, an ion-generating elenent 10a for generating
positive ions, an ion-generating elenent 10b for generating negative
ions, a high-voltage transfornmer 11, high-voltage circuits |2a, 12b,
a power supply circuit (high voltage-generating circuit) 23, and a
power suppl ySTR¥HAS, aukiner Sippiiinpysppiectps 38 imeutecasing Ahrand bY dispasing
di sposed on 3 j g LN Ei.Q.a~1)okn_outer casin 1,
and i on- gene%ﬁivﬁg%éel%}éﬁgﬁégéi(}yﬁ%ﬂ g‘lf)ﬁsagggjé@i%rp%ﬁé%’df%{ SR %f‘"*aﬂ 2%’on
the right i nafd ppwet pupply inpitebnieetor 29 id spaby béteagivalgbyerdingRSeAts: 10a
i on- generat i nlgq fdéements ,éOa, Ob, 8‘J%'élgdh-vol_ta e transformer 11,

hi gh- vol t age? it 5POSSYE 10 agiievey 1spopincliciency and malg: ioargengsesing:
suppl y ignput gesnecd, 2 1 ter 4 I z r%ﬂ& L Si o
hi gh-vo:st agedt ransfo?fprrg%' llizL%ihl%P’g d\;%??ig gmé]e}l%wl é?%%l,té%b,wbggl\%r
suppl y ci r cuieltags transfiatmeo s higheyupitiage ciropits 1220 12i8 power KPplyrirauis PR cad
bet ween ion-generrat ilnf}1 etl enent s . 10a atEd 10b, .i.t i ﬁossi ble.to .
achi eve hi ghPaTEFo8TY P8Rt CPPFLY errdy) Ot 4R LA PR apatpsty § isprsibledo
30 conpact. fmdkd ideIgenddntingi oS s®hid. ON- generating el enents 10a, 10b,
hi gh- vol tage transforner , _high-voltage circuits 12a, 12b, power

11, h
supply circuit 23],30"8@@9%@%‘{53'4&33 pirfitt1 28 encheagetve gh-veltagacisguit 12b

casingygl in [P osgl bl e it L.on-generatin
dovi co o 1 nd PRPRA oF PRGN slibuh® ROV ShALE S JRGE: YOI RF Forol
negative hi gbn oxd dndgiele (on thaildft it Fip. 10 Br @sifg Ppewdhahet &ls bdjeceftddHon-
substrate 14. Positive hi gh-vol ta_ge circult 12a is di sposed on one
end side (onSPREUPEFEMERE 1ep fpr eeverftingpositivglons. ifesstivhbigh-veltass circuit 12b
adj acent to 4@ <] ' £.00; (0 b Lye.i.ons.
Negati ve high- \%Igiﬁagg%g ?gﬁﬁbgﬁgk?@gp %Ee 'g%ﬁtchgg%?ﬁgjrc}lgﬂlnagﬁélgde
(on the ri ghtdigasntrp gon-gepertating elemeny 124 fon geherttiag nefgttiviesons. A part of

15 substrate 14, which supports high-voltage circuits 12a, 12b, is located between ion-

generating elements 10a, 10b. It is noted that a substrate supporting positive high-
voltage circuit 12a and a substrate supporting negative high-voltage circuit 12b may be
separated from each other.
With reference to Figs. 3 and 4, ion-generating elements 10a, 10b are for
20 generating positive ions and negative ions, respectively, by corona discharge, for
example, and have an induction electrode 1, a discharge electrode 2, and a supporting
substrate 3,
Induction electrode 1 is made of a one-piece metal plate, and has a plurality of
(e.g. two) through holes 1a each having a shape of approximately a perfect circle
25 provided at a flat plate portion to correspond to the number of discharge electrodes 2.
With each of through holes 1a, it is possible to generate an electric field uniform over
360° at the tip of discharge electrode 2 and cause stable corona discharge. The flat

plate portion of induction electrode 1 is made of a sheet metal with a hole, and a portion
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adj acent to ion-generating el enment 10b for generating negative ions.
A part of 15substrate 14, which supports high-voltage circuits 12a,
12b, is located between ion- generating elenents 10a, 10b. It is
noted that a substrate supporting positive high-voltage circuit 12a
and a substrate supporting negative high-voltage circuit 12b may be
separated fromeach other. Wth reference to Figs. 3 and 4,

I on-generating elenents 10a, 10b are for 20generating positive ions
and negative ions, respectively, by corona discharge, for exanple,
and have an induction electrode 1, a discharge electrode 2, and a
supporting substrate 3. I nduction electrode 1 is nmade of a
one- pi ece neefdhe fatalate pertign hther thap Hupugh loje bifhag e ngifortabickndss.ough

hol es | a each hayj a_shape appr.oxi nat e a perfect .circle 25
provi ded at a fl aftnﬁ'\%qtlgpéeﬂﬁt(%ﬂe?fglﬁastagoe %‘?ﬁ%‘bi}%ﬂ e‘f“g‘ ?HW@PH%WB_ pgjtions, for
di schar ge el eainpledbet Bortiht1b beiag Madé by Beu Ral Eshelmatal Pldte b
possible to generate an electric field uniformover 360 at the tip of

di schar ge el SPfeoneely adight angleswith raspace tabe Hatplate setiangeBertipertiandb has a
| at ti fonl ' | S tal with
plate pgrti %g%—mﬁﬁ%ﬁﬁ%rﬁﬁg ﬁ&er’?xﬁu %@p%?rézfﬂ-%xd%ﬁ?erﬁﬁ gﬁﬁi%g.e € h%ﬁ}oﬁ?-ow

a hole, and aportion e portion er  tha ugh
hol e | a has descriliefl supportingoponiashas one end lnkdd e the Aateplste ponida, shdhksSotler

bent portion I h at each of opposite end portions, for exanple, bent
portion Ib b@dﬁﬂﬁ%@éﬁ%ﬁoﬁéﬁiﬂ&ﬁ‘ge‘gmﬁfg POFI%Nhe netal plate at
approxi mately a ryp; NHcGoM 5 t); th ,on.
Bent portion Ib halg(mgr% arcgg(\lmvm dﬁlﬁzegg%élrk%?ﬁg %u Plf)ﬁg]ﬁgg%ége%oﬁsa

smal | - wi dt h thragh helg 3p der allowingTissharige vlectratie2ap ibb édesedupercthroughpardta on
has one,end Lin the flat plate portion,.,and the other.end

| hked 1ot rrdiE falt g ddraraite fe Bl ot R ponith 1§ Bk imged

el ectrode 2 thasthaoupdedl e-1i ke tip. Supporting substrate 3 has a

t hrough hole 3a for al]| ow ng{ﬁdi scharge electrode 2 to be inserted

ther et hrough, andVediediedbabreneleeross 2rippupppiteshishgypportng sthsirated while
portion of D&fMs iRQFel BPplels-filfedifite' tAREER Ble 32 and penetrating supporting substrate 3.

Consequently, one end of discharge electrode 2, which is a needle-like end, protrudes on
15 a front surface side (an ion-generating unit side) of supporting substrate 3. To the
other end of discharge electrode 2, which protrudes on a back surface side (a soldering
surface side) of supporting substrate 3, it is possible to electrically connect a lead wire
or a wiring pattern with use of solder (not shown).
The inserted portion of induction electrode 1 is supported by supporting
20 substrate 3 while being inserted into through hole 3b and penetrating supporting
substrate 3. To a tip of the inserted portion, which protrudes on the back surface side
of supporting substrate 3, it is possible to electrically connect a lead wire or a wiring
pattern with use of solder (not shown). Further, in the state where induction electrode
1 is supported by supporting substrate 3, discharge electrode 2 is disposed such that its
25 needle-like tip is located approximately at the center of through hole 1a having a shape
of approximately a perfect circle in plan view as shown in Fig. 1. Thereby, the distance
between the needle-like tip of discharge electrode 2 and an outer peripheral portion of

circular through hole 1a is kept constant along the entire circumference of through hole
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t her et hr ough. Needl e-1i ke di scharge electrode 2 is supported by
supporting substrate 3 while being inserted or press-fitted into

t hrough hol e 3a and penetrating supporting substrate 3. Consequently,
one end of discharge electrode 2, which is a needle-like end,
protrudes on 15a front surface side (an ion-generating unit side) of
supporting substrate 3. To the other end of discharge el ectrode 2,

whi ch protrudes on a back surface side (a soldering surface side) of
supporting substrate 3, it is possible to electrically connect a | ead
wire or awring pattern with use of solder (not shown). The inserted
portion of induction electrode 1 is supported by supporting
20substrate B while being inserted into through hole 3b and

penetrating suppokting subst e.3. To a tip of i nsert.ed portion,
i ch br ot Fudes arREHRROAH Pidedialing ui ok R cabet e o
it is possi bieeves@s &pedfivel disghdrye €ledtide,land chEpated wEh RHu@ioMeldeR8de 1 in
pattern with use of solder (not shown). Further, in the state where

i nducti on el BBEERRIRING elesnent Hidp cerliyie SpeREBELOMERNSINEE Bait @ogitive

ocat 60 appr oo et 619 oD hEBOBER R 2 [ilenta iy PRRRL B ot b

of appr oxi meteghtjvedomesefves bs chegetive dissharkaslestiis, anl ®bpatet Withrirduction
Ther eby, the di sta?ce. bet ween t he ne]Fepg)lr e-like tip of discharge )
el ect rode 2 SHfftFoaR  iodrecpring risment H% ioicoRUBI® & PRty RioMABERBHE Wl e
la is kept cepshiobbleatt@RGaifie entire circunference of through hole

| a. Di scharge electrode 2 in ion-generating elenent 10a for
gener ati ng posi t iRrethewnse, e each of iwn-gengretng ¢lengends Hozh 20ty theed is ptaviribd,

and cogper at. | L hduction electrode.l i.n. i.on-generati el ement
108 o Gant i Hueloh AskB o SEaRdin g i o eRR Ao &r ErEtiPBae
pair). Di schisfigef tkd @ederpaligity] nhflely, 0y 928 9bafive bl LRI nekivelflarity.
generating negative jons serves as a negative discharge el ectrode,
and cooper at ¥5HFall, oREgRUYIE et Fdfer genernting nogiévedenss Proviske mitht
10b to configuifoReREgMe V& 18708 gé‘éiﬁ\%gdi%mrﬁéﬁ QE&Q@:&E %Sfo? E)%%Egzrle? 484
pair). Furthernore, 1n each of 1on-generating enent’s a,
there is prowdwédn electrode 1 is provided with two through holes 1a to correspond to the
15 number of positive discharge electrodes 2.  As such, ion-generating element 10a for
generating positive ions is configured such that it is capable of generating positive ions
at a plurality of (e.g. two) positive ion-generating units.
In ion-generating element 10b for generating negative ions, there is provided
induction electrode 1 common to two negative discharge electrodes 2, for example, and
20 induction electrode 1 is provided with two through holes 1a to correspond to the
number of negative discharge electrodes 2.  As such, ion-generating element 10b for
generating negative ions is configured such that it is capable of generating negative ions
at a plurality of (e.g. two) negative ion-generating units, It is noted that one ion-
generating element may have one discharge electrode 2, and may also have three or
25 more discharge electrodes 2. '
With reference to Fig. 2, the needle-like tip of discharge electrode 2 penetrates
through hole 1a of induction electrode 1, and protrudes upward with respect to an upper

surface 1c of the flat plate portion of induction electrode 1. A length f by which the
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10i nduction electrode 1 common to the plurality of discharge

el ectrodes 2 for generating ions of the sane polarity, nanely, any of
a positive polarity and a negative polarity. Specifically,
Lon-generating el enent 10a for generating positive ions is provided
Wi th induction electrode 1 common to two positive discharge

el ectrodes 2, for exanple, and induction electrode 1 is provided with
two through holes la to correspond to the 15nunber of positive

di scharge el ectrodes 2. As such, ion-generating elenment 10a for
generating positive ions is configured such that it is capable of
generating positive ions at a plurality of (e.g. two) positive

i on- gener at i ngpdledikedip of dischargerelécondg2 pertatdengpvedre mithtresh €42 16 apper surface

generating n ive ions, therg i.s proyvided jnduction electrode 1
conmon to tmggﬁi@tbﬁﬁ?t\f’igﬁp%’%’ﬁlﬁ d‘éqt'g{}?]reﬁ'ﬁ%‘gﬂ i2‘,s shoster Hian dgpdius pefhrough
20i nduction géieefrode 1 is provided with two through holes la to

correspond to the nunber of negative discharge electrodes 2. As such,
i on-generating el Eftediedibe fip pf ¢jechersaelentiodeed mtdispesed onsh that icdedsingtir ed

such that it_j rating negatlive ions._ at lurality o
(e 0. ta0) neisBfBARE vl BREHSh A PESE b Bo ol 2R ol giene 21 ot
i on- gener at i thg neddduviind tipnafididenatge elb@rod 2AHRIBR 8l LETOER e fr theBY

al so have three or_25npre discharge el ecirodes 2. Wth

reference toSUEige 0Bop pRie Hddy) Br prample, iasliancass cldsy Gerely possivlede 2
penetrates t i : | . rotruyde
upward with %giﬁég%%ag{o&gkﬁl? SE?é’ réég%l'(ri %gébrﬁ)(%& %Jef(%ﬁ glsﬁalz-ﬁ%r]%]cg‘P é’e %g}wf Foon
of inducti onmethenicel duipact, and\ptemergtdiredt hayd vdvitady withalischegdtlectiddk e, whigh of

di scharge el ectraode. 2. protrudes upward wi th respect to upper surface
Ic of tHe fI%efveﬁlaﬁ?BlgBﬁ’PB?%ﬁmﬁfmipEﬁ’ﬁEtt?I%WI“e?}@éir ode 1 is shorter than

Gl ectrode 2 1s di Shocar Sueh it hoas ppRed btupbotng SRATIE S v
respect to athtipsapheriase dirension ¢ps formedsbeweendhe Battplate persipmgf Bdyctiand
£ er ggfghe% L%ﬁq&ﬁoﬁé R tagé) sHpRaNg A% ualeSCt 1P 1%(:{‘hezrebiyspols&obqéle %oelgjrex?etnt gregghtige
discharge caused along a surface of supporting substrate 3 between induction electrode
15 1 and discharge electrode 2. Furthermore, on the soldering surface side of supporting
substrate 3, there is also provided a space having a dimension h that is sufficient enough
for preventing a soldered portion or the like of the parts from being in contact with
outer casing 21,
The soldering surface side of supporting substrate 3 (i.e. the space having
20 dimension h in Fig. 2) is molded with a molding resin (e.g. an epoxy resin) 31.
Although not shown, it is preferable that the high-voltage transformer, the high-voltage
circuit, and the power supply circuit are also molded with a molding resin.
An jon-emitting hole 21a is provided at top plate 21b of outer casing 21 above
discharge electrode 2. By power distribution, there is generated an electric field
25 directed from the needle-like tip of discharge electrode 2 to induction electrode 1, and
the electric field also expands to an outside of ion-emitting hole 21a. By delivering a
blown air thereto, it is possible to emit positive and negative jons on the blown air to an

outer space of ion-generating device 30.
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surface of top plate 21b by, for exanple, a distance g. It is thereby
possi bl e to suppress deterioration of ion generation performance of

di scharge el ectrode 2 due to nechanical inpact, and prevent direct
hand contact with discharge el ectrode 2, which 10serves as a

hi gh-vol tage unit, to prevent electric shock. Furt her nore,

i nduction electrode 1 is supported by supporting substrate 3 such
that a gap having a dinension e is forned between the flat plate
portion of induction electrode 1 and supporting substrate 3. It is

t hereby possible to prevent creeping discharge caused al ong a surface
of supporting substrate 3 between induction el ectrode 151 and

di schar ge el ect r olids @lvaffageobetonset the siae of the eaiiled@r-gengrasing flade Xiddeaf
supporting sub e is also provided,a space havin

h
di hensi on h” SHEL S dfio s prRinso SHBUGMRBIE SRSVLnTaTRY of cioisarhsgaratuses.

portion or tiRerkfoke i&{;généﬁti?%aﬂév%ef3b§g%fg;f%lﬁ}%a§ Qtlﬁ&ﬂ&s@qt(g’g. b, 31‘?1 or

casing 21. The sol dering surface si Supporting su rate
t he space halssagndauareehsi WriFlg. i hoffpgroxitately 10Mindex 20t 150 mwd x40 ghm.

resin (e.g. an epgxy resin) 31l..Al thou not shown, it js preferable
that thé& high- vofﬁa’éed%s?%ljr-@f‘&%? f“ai’%‘é‘g H‘?"&HQSB%?F‘Y% CW@L%?TP?M%% t he
power suppl yelettficdillylcomtegted) SO nol ded with a nol di ng resin. An
ion-emtting hole_2la is provided at top plate 21b of outer casing 21
above di scharge efigct isgdangiongyplasisyiaeram Qé)thﬁ: isntgeperatinghdavise irsthe

drochar ge ol o FEnE S M T et I R SERAL R Bo e REEGSHET aptivi o8 ©

di scharge el ectr ction ec

field al so edparicslyconmotedut Biittleefofenteono-Rigri st ionA@néralig; &bite 3B¥ncludes
del i verbng a bl own, aizﬁﬂ't hereto, i I is possible to emt positive and

R : A
negati ve i onSUEHCAPE 2] igRagens#ting lements J0ar 108 phiglevoltask sansdenmer Al high-
devi ce 30. i i gﬂgﬂg ; i .

i on- generat i %ﬁtagzslir%ﬁets é%a, ? gy’ e as Q@I@’I ﬁﬁ’ﬁ‘éﬁgl’ﬁ?ﬁ Zg’sg“gd% g"f‘% F‘&p 32%}“%‘2 23,

to be nount et deacribied ebargr | Biynwed thabpawsr capplaipper @hnmeas .22 Thenefwedsuch

i on-generat i V] . preferably has a.thickness T (Fig..2) of 10

mm or | ess, glgtd‘g gaﬁ{ %lrg%egp @ lsWief—li”b‘?%{ir)ca&Pg &BW@)@P?@?@W tg"ﬁgofrf“?r?’%’o to

mm 150 mm x dDoutstie SNRXtdr,cad@SET, it® ey Wild a%@w@ﬂ@pmg BOVLInEStEE ReleY S
g. is a

functig al elenments are electrically connected. Fi
functi 6Ral bY®REORICEGF BRI QuEds on- generating device in the

Power supply input connector 22 is a portion for receiving a direct-current
power supply or a commercial alternating-current power supply, which serves as an
input power supply. Power supply input connector 22 is electrically connected to
power supply circuit 23.  Power supply circuit 23 is electrically connected to a primary

20 side of high-voltage transformer 11. High-voltage transformer 11 is for stepping up a
voltage inputted to the primary side, and outputting the stepped-up voltage to the
secondary side. One end of the secondary side of high-voltage transformer 11 is
electrically connected to induction electrode 1 of each of ion-generating elements 10a,
10b.  The other end of the secondary side of high-voltage transformer 11 is electrically

25 connected via positive high-voltage circuit 12a to positive discharge electrodes 2 of ion-
generating element 10a for generating positive ions, and electrically connected via
negative high-voltage circuit 12b to negative discharge electrodes 2 of ion-generating

element 10b for generating negative ions. It is noted that induction electrodes 1 in ion-
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enbodi nent of the present invention, and shows how the functional

el ements are electrically connected. Wth reference to Fig. 5,

i on-generating device 30 includes 10outer casing 21, ion-generating
el ements 10a, 10b, high-voltage transfornmer 11, high- voltage
circuits 12a, 12b, power supply input connector 22, and power supply
circuit 23, as described above. It is noted that power supply input
connector 22 is structured such that a part thereof is disposed in
outer casing 21, and another part thereof is exposed to an outside of
outer casing 21, to thereby allow a power supply to be connected
thereto 15via a connector from an outside. Power supply i nput
connect or 2283n8TaHNgHBEMERSH 1§ A0b are elepiringllyscothgctast to cachr aher tp beverths saope vy
or a connerc@g&ugjternating-current power supply, which serves as an
i nput power supply. Power supply input connector 22 is electrically
connected to poweRosivphigi-voltagetircui? B2a PevElzusddRp |aﬁpl9 ke Bakitive dRchavge
electrically connected to a primary 20side of high-voltage |

t r ansf or ner %T’.troaf gﬁq\%& Yoiiger havingsimosiiue palarity svithgespsetdp prdvgtionslestrode
vol t agesi npui t : k| Sl : | t e - up
Vol t aget ot e S LbBUReRbEREXIENE DR (FEeheHi bl MealcRRfA G

hi gh- vol t agecledtzads £ arhglr voltdgd lmvielgeategitvalpblariconite gt tconintiug tle@ifode

el ectrode 1 of ea f ion-.generatin | ement.s 10a, . 10b.. . The ot her
end of the sgcolﬁtfgfgvayl QP@SIWE?%gﬁﬁ[% THelaEyY PRt BATRRLY, Pesitiyegions and

el ectrical | ynedbig@nagct ed via positive high-voltage circuit 12a to
positive discharge el ectrodes 2 of ion- generating elenment 10a for
generating posi t i4&ighgalageanepplipdbatweardnduction plaetnaded andalisekgae ¢lecerode

o gondr at o s A REESRRRRAIGKSLs REPRE TRy SbRE Bt Pk o

t hat i nduct i dboveldechargelesudks. i n i on- generating el enents 10a, 10b are
electrically connected 1o each other to have the sane potential .

Posi tive hi gh- volt'dgustiongsneratingsevice 68 descibodeebore capmiy single-polarityians,
di scharge elgebfdf edbdifbitis ¥Rkd 89fhe En?éﬂni&gthgt H?ﬁﬂéﬁihﬁs?nﬁﬁélg@'ogiﬁvé’\foﬁ{
I gh-volta

respect to induction electrode 51, and negative crrcul
12b i s conf iapdmegetive icap pteemitvede Pasitiveeiods sielzanaated be ciusing @odtive dvirgra

vol t agex havi a negati.ve.pol ari Wi th respect to induction

ol ect r 5o 1. ‘P’%Paﬁg_% “whels 8§B%S&é"§g%%%?%%gaﬁwérg%i@né AEFANE 08 pregeneraisd
namel y, posityicagsihOngaiviboreddiscipd ANGe tip of negative didhi¥oB Ble¥pddeage iS
appl i ed between_induction electrode 1 and discharge el éctrode 102.
Wien the ti prdrefaamde happplied st padeulaly missddwrein, ead e directshuetty dnc

fiel d i ntensjykdaffio-current waveform biased positively or negatively, a pulse waveform biased

positively or negatively, or the like, having a high voltage is used. A waveform having

20 a high voltage may be of any form, such as an alternating-current waveform, a direct-
current waveform, a pulse waveform, or a waveform of combination thereof, and means
a voltage that causes an electric field intensity that enables the occurrence of a discharge
phenomenon. A voltage value is selected to fall within a voltage range that sufficiently
causes discharge and enables generation of prescribed ion species.

25 Here, positive ions intended by the inventor are cluster ions each of which is
identified as a hydrogen ion (H') having a plurality of water molecules attached
therearound, and are represented as H'(H,O),, (m is a natural number). Negative ions

are cluster ions each of which is identified as an oxygen ion (0;) having a plurality of
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above, discharge occurs. Al t hough ion-generating device 30
descri bed above can enit single- polarity ions, the present embodi ment
is based on the prem se that bipolar ions, nanely, positive ions and
negative ions are emtted. Positive ions are generated by causing
positive corona 15discharge at the tip of positive discharge

el ectrodes 2, and negative ions are generated by causing negative
corona discharge at the tip of negative discharge electrodes 2. A
waveformto be applied is not particularly limted herein, and a
direct current, an alternating-current waveform biased positively or
negatively, a pulse maveforn1b|ased<P05|t|ver or negatively, or the
| i ke, havi ngwatehmgleciles attaghed theraareund, Andwere eéroesentedas Og (24, (i igh natural

vol t age nay such as_an .alt ati ng- curre vef orm
a direct- cur ren% vvaég;] ﬁl}g%{’eﬁdf’%épmglﬁfﬁﬁﬂﬁe SHAMEATANEP rgﬁ%?)m (misa
combi nati on #dt@aERimbeANGhi¥R ARSidéntified Eﬁﬂﬁ‘sxtfv@?&ns GPE 85, AR GFEEOY. (R is a

field |ntenS|ty t hat enabl es the occurrence of a di scharge
phenomenon. miwel tushsr)y whigh al‘esld@éllﬁed:wambgamerlaﬂsl in whietofir, hoth typeb bRiges attach

range tRat suf Ve causes .di sch enab enerat i n of

prescri bed |%cé)JnaIﬂgl %%@%Ag ﬁlﬁ%’lg%s 2d M ?P Elgl ”6 & éﬁﬁb’ge BSHopipE Bydroxy!
i nvent or  ar eradicals (-OH)igendateaehthef tindd) iwdlichi e !d@ﬁt[ﬁeﬂfak ecliva SpieI A ASER.
ion (Fe) hav%ng a pI urality of water nolecules attached %herearound

and are reprdB@Heethdthers eanhpelimingtads a natural number). Negative
ions are cluster oxyagen. i
NQHsde‘?&g?ionwﬂm fﬁ,ti'd Ghd es%{a lac%ia%l a?rHCIean% vcv)ﬂ&l'h d

(021 -having a plurality wat er ecu herearol

are represeniseq emml@mﬁh@ elpctri¢a apparausnﬂmwsak the ubderJescribed idﬂl@genelﬁﬁng
gener a;lbn %ﬁr oximately the sanme amobunt of Ir(H20), (mis a natural
nunber “Sre identified as positive ions in the air, and

02- (H20) , 1(n is 1a af@lebiidk] PATROE )such%lﬂs‘emuaa@anir%qmﬂ ifa‘a%o%gte?%%ﬁé ve

ions in the air, both types of ions attach 5to and Ssurroun i'mguses
and viruses Sl %@ara;msumseduf@r alwlowngheTh@:mr-dnamtﬁg myic ﬁmuowmglmeeaus

( G_i) gen.er @&l fi‘ats teQr?{akE ou a(.:l‘lha.l get,lé:fc)i '%Eﬁtshgrpgéj aﬁlter%r c\f ECI ES

the floating firnguses and others can

descri ption smpplhnngehelmmedmr fomahd b@let pbit edadbutdfe ﬁircﬁugﬁ'a%{‘éz@ﬁhgum t,
whi ch hg an exa Ie of the el ectrical apparatus that uses the
S

above- d8scri bed 6%1 Ogé ABPEPSEYC Yiowdint sehematically shoviyn eqnSgeratiomef the air-
apparatus s | t e t
pp l&&nﬁg uhf %hzﬁ“uEesQﬁeﬁ%ﬂ g@ﬂerﬁrﬂﬁg devide gl‘%@@fﬂﬂ 'F%ts fjarfﬁnzan:ﬁn% 78

el ectrical apparatus Is used for air Blown
is for all ovﬁxnb!dcfh@e*aqu thevdir-¢érningauniiebown ml&"egt 6, shawinghgi tt&rioragéneratmg

inlet, to padse%cg Cpsp% dathgrlc{nt er for cleaning, and

With reference to Figs. 6 and 7, an air-cleaning unit 60 has a front panel 61 and 2

20 body 62. ' A rear top portion of body 62 is provided with an outlet port 63, through
which clean air containing ions are supplied to the room.  An air intake port 64 is
formed at the center of body 62. The air taken in through air intake port 64 located at
the front of air-cleaning unit 60 is cleaned by passing through a filter not shown. The
cleaned air is supplied from outlet port 63 to the outside through a fan casing 65.

25 Ton-generating device 30 shown in Figs. 1 and 2 is attached to a part of fan
casing 65 that forms a passage of the cleaned air. Jon-generating device 30 is disposed
to be able to emit ions through hole 21a, which serves as an ion-emitting unit, onto the

flow of the above-described air. Exemplary dispositions of ion~-generating device 30
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supplying the cleaned air fromthe outlet port to an outside through
a fan casing. 15 Fig. 6 is a perspective view that schematically
shows a configuration of the air-cleaning unit that uses the
ion-generating device shown in Figs. 1 and 2. Fig. 7 is an expl oded
view of the air-cleaning unit shown in Fig. 6, showi ng how t he

i on-generating device is disposed therein. Wth reference to Figs. 6
and 7, an air-cleaning unit 60 has a front panel 61 and a 20body 62.
A rear top portion of body 62 is provided with an outlet port 63,
through which clean air containing ions are supplied to the room An

air intake port, 64 is forned at the center of body 62. The air taken
in through aipy inFldxePesian R gelativelt desede qlﬂ@tprortcﬁ%a@ps@ml?%we@@mlm@r
unit 60 is S I ed
air is supplqli@g%? Qetﬁ%égt% f gr%&%%érr?’r gg%b%ft&}g%eﬁ %% ﬁg ughﬁggyéa\‘lr’ll%g e
casing 65. 28bwnajyénpasatlirogghden-bwitti@thaidiDlanin ucm~§dng1&tmg1deaiué 32 aisSuch it
attached to lc;a Bart of, fan caE’l.n]? 65 tha {Torm; ssa%e of the

cl eaned ai r. PSBRERRATEPLSEP SPPHG Seélo%wﬁ PR RBIBRUBHOBEL BT &3 tRthen t
ions thgoughyfighe 21la, which serves as an ion-emtting unit, onto the
fl ow of the above-described air. Exenplary dispositions of

i on- gener ati ng deWitb@lr%amn&ymt mms;d@hrgtpcbba priesent Mbadghet,i ivied genmamdeat
to outl et poi pSI nP2 fa out | et

and ot her pogﬁﬁgéﬁg gmnYﬁ 6%@ %% rqugy%§agpf ‘Hbaﬁhe
bl own air topags), shtatigh po@sﬁblef.ﬁ drhit 1095 h&h%leaﬁs'ﬁ diltd Ao@enesahd idt. It
devi ce 30 as, such, it becones gosm ble to supply ions, along with

clean air, thEsERyE Pesibleto Wer thear-clganinguniivathsyeren ion-generatingunction,
air-cl ggning unitg

O erLfan ng un ! gugglggg@ %qurggnﬁt Bvicd 0 AR B SURBALIERY is @18 the even
stream by t hifitas mohiteﬂmmtrhehbc(mMesqnﬁhs&algﬁhcalappdritas, iti does ﬁotﬁﬁsﬁ?:rbhw&thttﬁe
emt ions with clean 0,_an de of the unit, i s thereby

s b ot o BPVBA: necaoringly. i BhstR PP TS A0S SHerion unar Z0Tmg

function. 10fdfdaktelnd &R IR 16A-BbAeRdind A¥li6€13R dléhnléaeon%ﬁ%sﬂied to multiple
embodiment is thin, so that evén if It is nmounted on

above- descr i tyes aflpeasiugisc al appar at us it does not |nterfere with the

bl own kr. Accor 0_Su noi,se ner ation
and ai ? vol ume dglgglgéaly esen{e Oéiﬁ]g "ct]g Slr?gglgﬁg?sﬁieeﬂaes&g (8 apt §xqguple
mount ed on aasfdhaﬂadtnwﬂapparzmd. t Emu&véryﬂﬁ%r&fantﬂﬁ@dﬁ@ﬂ@noﬂJﬁiufdetH&eto.

pr esent errbodh an air-cleaning unit has been described as an
exanpl e ee ectncal apparatus may also be, in addition to the air-cleaning unit, an air-

conditioning unit (air-conditioner), a cooling apparatus, a vacuum cleaner, a humidifier,
a dehumidifier, and the like, as long as it is an electrical apparatus that has an air blow
20 unit for delivering ions on the air stream.
Next, description will be made on functional effects of the present embodiment.
Initially, according to the present embodiment, the tip of discharge electrode 2
penetrates circular through hole 1a of induction electrode 1, and an outer portion (the
entire outer peripheral surface) of discharge electrode 2 is surrounded by induction
25 electrode 1, so that it is possible to improve ion emission efficiency and ion generation
efficiency. This feature will hereinafter be described,
Figs. 8 (A) and 8 (B) are diagrammatic illustrations for describing an electric

field generated between a discharge electrode and an induction electrode in a corona
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of the electrical apparatus. However, the present invention is not
limted thereto. The electrical apparatus may also be, in addition to
the air-cleaning unit, an air-conditioning unit (air-conditioner), a
cool i ng apparatus, a vacuum cl eaner, a hum difier, a dehumdifier,
and the like, as long as it is an electrical apparatus that has an
air blow 20unit for delivering ions on the air stream Next,
description will be nade on functional effects of the present

enbodi nment . Initially, according to the present enbodi nent, the
tip of discharge electrode 2 penetrates circular through hole |la of

I nduction electrode 1, and an outer portion (the entire outer
peripheral sdisthagge)meshaniinsshoangePakedcondent? (JapaeserFatneeskifyOpen No.

i nduction 25 ct 1, .s0 that jt | )0ssi bl e to i nprove ion )
eni ssi on eff?écﬁé‘ﬁ(@ggéndﬁi‘%ﬁm&gﬁ@f_r%ﬁ %ﬁsﬁb‘ f f CROSERonat iew, prskkigr B(Riis ¢
herei nafter Bavwisesd B&H e direction o 88 arrdw §in & dsgAj.B) are di agrammatic

illustrations for_describing an electric fiel'd generated between a
di schar ge el ect r oWéhaefereage tp fitksct (A)rand| @) rio e donora dissharpamedianisimasge

mechani gm sh ' t cunment (Japanese Pat ent Layi ng- Open No.
2003- 30?947)3’%‘%3035@46‘?%&0?%% BSREs #i3 TEApalLagral pEge B ViR og, ew,
and Fig. 8 (idediedika tif ofwidiRchasiedlectrb@EN @2, @b FIRE tHeRTs BinefflePdrl QW) fidld)
Fig. 8 (A). Wth reference to Figs. 8 (A and 8 (B%_ln t he corona

di schar ge medifestrddiam dia nssdifdlikertingf discharge dertroe 102 ¢o idepion slbcaodeal 01
rearward | at Tl t 8-l ike 1i f.a

di scharge el @E??%%gﬁﬁ%g&%%h}ﬁ%»? §I’?§%’r etrﬁ%rgbdgﬁgergg‘{lgao fé‘ﬂ ef@?%&%ﬂdc field
directed fr odmstribetioneedinesinokaifoip with rdipecitadgeheedidiode 100 2nd his

inductian el ect{r}igde iO%L.I ted at the rearward | ateral surface.
Ther eby Oci r CRITTP Gl catiess iomyHBR 1o BoYiPS SeeaAnp s hbien emission
nonuni f or m Wififledc9 $Reteadcd 26l SROARF S LGS 6%11&%3 eIe@cFHéletlg,‘Z Becomes

10nonuni formelectric field causes nonuniformi ol noving directions,

so that ion Witable eaysing decrease in ion generation efficiency.

Figs. 9 (A) and 9 (B) are diagramunatic illustrations for describing an electric
field generated between the discharge electrode and the induction electrode in the ion-
15 generating element in the embodiment of the present invention. It is noted that Fig. 9
(A) is a cross-sectional view, and Fig. 9 (B) is a drawing seen from a direction of an
arrow S2 inFig. 9 (A). Fig. 9 (A) is a schematic cross-sectional view taken along a
line IX-IX in Fig. 9 (B).
With reference to Figs. 9 (A) and 9 (B), according to the present embodiment,
20 the tip of discharge electrode 2 penetrates circular through hole 1a of induction
electrode 1, and an outer portion (the entire outer peripheral surface) of discharge
electrode 2 is surrounded by induction electrode 1. Therefore, an electric field is
generated from the needle-like tip of discharge electrode 2, which serves as the center,
toward induction electrode 1 along the entire circumference, namely, over 360° in plan
25 view. It is thereby possible to suppress nonuniformity of directivity of an electric field
distribution. ~Therefore, it is possible to suppress nonuniform ion moving directions
caused by the nonuniform electric field distribution, so that it is possible to improve ion

emission efficiency and cause stable discharge at the tip of discharge electrode 2,
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efficiency is decreased and discharge at the tip of discharge

el ectrode 102 becones unstabl e, causing decrease in ion generation
efficiency. Figs. 9 (A and 9 (B) are diagrammtic
illustrations for describing an electric field generated between the
di scharge el ectrode and the induction electrode in the ion-
15generating elenent in the enbodi nent of the present invention. It
is noted that Fig. 9 (A is a cross-sectional view, and Fig. 9 (B) is
a drawing seen froma direction of an arrow S2 in Fig. 9 (A). Fig. 9
(A is a schenatic cross-secti onal vieM/taken along a line I X-1Xin
Fig. 9 (B). h reference to FI% and 9 (B), according to the
present enbd@? In IpPOKENEL |t 1R 6F§@H 1€’t@ﬂéctrode 2 penetrates

circular through mpher by v1b@gﬁp&1§)%§n§ ace?gﬁ%;é_té? gfg SC%QF&QHT&&E‘O(I&Z at

portion (the entire out er peri arg ectrode
2 i's surrourtfiederter dftitoeghi lmde & levingachark. of Bhproriimarely a perfeet eicde; e

field is genrate IeI et| f dj sch e electr 2,
whi ch serves gnqe%g&ggﬂ%k@peeﬁﬁﬁg f?é'flrlg %%’121' g@égq_mgprdwgpﬁq{%
entire gir cuimrﬁaremculalaﬂmx%h hexak Iﬁégt b&hsﬁhﬁﬂon’g’i‘t‘ﬁb lfire ircunteleR&S GPY
possible to suppress nonuniformty of directivity of an electric

field distritbirugbholetaer Bivthereby P0$1§18pt©§91ifmettbe slaquqz Be¢ld, whoehuisi f or m

Idf)gt m)\l;L?Igogge%gr%{etdﬁgﬁve%ﬁ‘ﬂﬁ%%eégé g%%ﬁ%gfﬁyc@ﬂég gg]gtr+cg? 1gt£uic§?]n electrode 1,

efficiency amndr BW?ﬁldSﬁlﬁbérQupbrSQ hah@sfonhity SuntddtrRf il S&ABNIA.
electrode 2, resulting in inprovenent in ion generation efficiency.

Further, in pl an Rurtbgy inphe IHP‘@EB@?MW% hyadawiagthaueedledike tip of disthargge
el ectr ﬁie ? é?éctrtoﬁgzgée &laoh »LJ}H gﬁ@ﬂgﬂx@%ﬁo R L@@FII 438, ??tﬂﬁ’t&%tuﬁr[ elecitrolge

apprOX|nater a per Coerrer ance ween nee
tip of di schhigeersbsoat effcdency carnhb iipeoved! eThip tatpdreilbher&fdict bOdesorfibed.

circular through hole.la js kept cons alo the entire
ci rcunf erence of l(édbcﬁ 4‘?5 F‘E‘agﬁ’mni‘att‘c il S‘Fﬁ&“&]ﬁ& foyglesqribing & hghavior of ions
uni f onni ze tlh%ﬁaé’&%ﬁére iHel fabdle-llMiG Br ths dgaﬁ%eaél&ﬂ-oﬁﬂs"i@t‘?ef&édhﬁth espect

needl e-1i ke IIE di scharge el ectrode 2 and” 1 nduction e ectro
over 3600, dadhgigdyaten ebgtpfpﬂeegrsi ndpgrammotigillustratibn £B) for describiog & bei‘la&hor

g'ezglr Ie ;[ 'kgnc%fl 1%}%;1% Elcg%: ere & 1R mESte I’tke tip o quile”%sctharge elec{roge prog'uées with

respect to the mduct1on electrode.
With reference to Fig. 10 (A), in the case where the needle-like tip of discharge
electrode 2 is retracted with respect to upper surface 1¢ of induction electrode 1 by a
distance f1, the ions generated by discharge cannot ride the blown air stream flowing in
20 a direction of an arrow in the drawing, unless it passes through through hole 1a of
induction electrode 1. However, when the ions are to pass through through hole 1a of
induction electrode 1, they are attracted toward induction electrode 1 side by the force
of an electric field, and trapped by induction electrode 1. Ton emission efficiency is
thereby decreased.
25 With reference to Fig. 10 (B), in the present embodiment, the needle-like tip of
discharge electrode 2 protrudes upward with respect to the upper surface of induction
electrode 1 by distance f. Therefore, the ions generated by discharge can ride the

blown air stream flowing in a direction of an arrow in the drawing, even if they do not
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10el ectrode 2 to protrude upward with respect to the upper surface of
i nduction electrode 1, ion emssion efficiency can be inproved. This
feature wll hereinafter be described. Fig. 10 includes a
diagranmatic illustration (A) for describing a behavior of ions in
the case where the needle-like tip of the discharge electrode is
retracted with respect to the induction electrode, and a diagrammatic
illustration (B) for describing a behavior 150of ions in the case
where the needle-like tip of the discharge el ectrode protrudes with
respect to the induction el ectrode. Wth reference to Fig. 10
(A), in the case where the needle-like tip of discharge el ectrode 2

i s retract edpask thoughdlmeugh hale lppfendistion dedrdde lof Themfoce, iathougheotitiosle

1 by a distance fl. the ions generated. i.scha can i de the
ol ounai 1 st PEG TEBHETGEaEL & PeBrPEh bR SHOL T g Of AHEHES aui ng,
unl ess it pagsde hatd@itadttd RUAtChEH GedtRdef ddebythd RRRIrak LS filld,
However, when the ions are totgass t hrough through hole | a of

i nduction el @ey répiewnd byhesangpfdheblown eiret thenthertere puivet itoa spice niithoete

1 side By the.: ico fielkd and trapped by induction
el ectr oge 1%@311%2:?%%@%3{ %ﬁucﬁoﬁ i%%yg%dceyl " SIFIF I%lcl'-:err & 05?@@? g"é‘é‘é&?"%&ﬁﬁ h
reference t ondghtiyve idfd dnBhe blowntatieo psgse befosnthedigRitactclhe intRewtresiddtiote

tip of dischar el ectrode 2 protrudes upward wiith respect to the
upper surf it st o R e B BB @MU ipnseaYed tp 2 sparsitinerersed, amd

i ons gener at&ﬂci@iﬁy%%ﬁﬁﬁlﬁ%nﬁ@@a Eﬂagéecarn%i gﬂy\\@ air streamflow ng in
a direction of an"arrow inh the draw ng, even i?' they do not pass

t hr ough t hr ough Huirhet, thegfresentiduenton studied atlengtiebyl whith éreekedie jikeadig dough

posi ti ion [_negati i ons nerated ip the vicinity of the
need| ei(ﬁi ke ‘?Q“f%af e%%%%?r%rgpr@cﬂeg&o%lﬂj@%s‘ﬁg € g‘f ?f)rI‘B cogn glﬁctf deti on
el ectrode 1 @GbdmaRy refaged &F 68 "QfotARingIQGIH").C Thedethils bitEie FdsiRs Bedbnd
by neans of the blown air, so that they are emtted to a space

wi t hout Sbei Yif herespsBecPasessrivgdicti on el ectrode 1. It is thereby
e T I N
neut ral i zed. ofAlischargé elgdtynde@ris positiontd 1of prowinde ith tdsedt tothaupfRe@Tics 1c of
i ncr eaig d, aigguc%];;l iel%ci;t?cpd%yl, ];n%gsu?errnr;e%% \ivgsgccjnggcste 8n ghaiggscig ioCne}:gn(l:oe%tration
i mproved.

obtained when radius r of through hole 1a of induction electrode 1 and protruding

length f of discharge electrode 2 were changed. The results are shown in Fig. 11.

The results in Fig. 11 show an ion concentration ratio at a certain point in the
space when the protruding length was changed in three steps including "long",

20 “intermediate”, and "short", and radius r of through hole 1a is also changed in three
steps including "large", "intermediate”, and "small",

The results in Fig. 11 show that when radius r of through hole 1a was "small"
and “intermediate”, longer protruding length f caused higher ion concentration. In
contrast, when radius r of through hole 1a was "large”, the ion concentration hardly

25 changed even if protruding length f'was increased. In other words, it was found that,
when through hole 1a had small radius r, an ion-increasing effect became significant by
increasing protruding length f, whereas when through hole 1a had large radius r, an ion-

increasing effect was small even by increasing protruding length £,
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Further, the present inventor studied a | ength by which the

needl e-1i ke tip of 10di scharge el ectrode 2 protrudes from upper
surface | c of induction electrode 1 (hereinafter referred to as a
"protruding length"). The details and the results thereof wll

herei nafter be descri bed. Initially, as shown in Fig. 10 (B), in
the configuration in which the needle-like tip of discharge el ectrode
2 is positioned to protrude with respect to the upper surface |c of
15i nduction el ectrode 1, neasurenent was conducted on changes in ion
concentration obtained when radius r of through hole |a of induction
electrode 1 and protruding |ength f of discharge electrode 2 were
changed. The resuB#ssd an éheshsmitg in Fig Ailgthekdlation betwddgpréasdig 18ndth £ -

11 showanlo con ratio a certain point in the space
when the prot ﬁﬁfﬁg?W§W§®ﬂ%®&§sEﬁgﬁaﬁﬁmvﬂyfﬂ¥%%m£aEﬁ@mFﬁEFU§ﬁhgwnnﬁﬁg
“long”, 20"i pt erwrHreiinoe t8REE. TENAL éomblﬁ"zﬂi@n O?FH]HPIHEIUQ of’t‘ﬂf #ggolg%?md

la is also changed in three steps i nclud
and "snal | ", short protrfing length £ §h¢ wpger tpft djmctﬂacbmwthértable)/dmses Itl&(:htmgdfst of

th hxhol "int g

BT R L T T T
of thr Ough hmidq)rbmdt@sle 1B e’ excésﬁeelj' @ébré‘a@él?%ﬁée%ﬁ&élypﬁroagﬁﬁ@la V\%éoccurs
changed even if protrudlngélen gth was i ncreased

was found t hEsgultingniahat gpas ﬁchﬁfﬂeénwapcm@ dngpitras thewpombination of large

t
ength 1. whatie: bEkouRRROEN « b e bR AL CRSRPE AR ahonth e
| on- i ncr easi talepéduesstthanasakestalischayest thytip bfthe ditingedl@iroudi NP bb@anrgt h

Based. on er ts in Fig. 11, the relation between
pr ot rutljpng I@ﬂ’b‘f ﬁo'%ttl}ﬁ’r‘l@giﬁ ilaand profrifling dength free excesgively increased, discharge
conpr ehensi vlgléyndtq,@é@sent ed in table formas shown in Fig. 12. Wth
reference to Fig. 12, the conbination of small radius r of through
hole la and shortLﬁﬁSQj’@ﬂluﬂr n@thrcwggbhlefla((thlaelghpcbmctnduemtthemable):mem thanthe

the table) c es ha at t t he

di schar ge) el %}%{E 538 %‘Q‘%F*? E%&}ﬂ% eﬁe(:? Ig? %gnc{ r%g'fct’toﬂ FE&@?\A%]O‘IS hregseg, go that

protrudi ng |lengtilifsartas exnassicy eh ey Sﬂ‘ﬁ%arg@éflﬁé %b%?ﬁﬁéc}ﬁ}éeoen&tmde
ulting in that spark discharge may occur.

di schar ge occur
contral?, t h?easc%ﬁ?ﬂ ‘iﬁ'i’fa’ﬁ’ B gfsgrcguse denrease in asfounheidorirappkdby mdmtr@n
| ong pr ot r udiiQgrohe ﬁ‘%lhcl‘[]mﬁg Rfeh? en%ﬂa%lata]t ﬂ'le tg;c (tjfld%c a'rne éieczﬁogggl €)

causes the weakest 'discharge at t rode.
|f both of Large protruding length f (the Iower direction in the table) means that the

1t

distance between the tip of discharge electrode 2 and induction electrode 1 is increased,
so that large protruding length £ has an influence on intensity of discharge at the tip of
20 discharge electrode 2 as described above, and also causes decrease in amount of ions
trapped by induction electrode 1, which ions have been generated at the tip of discharge
electrode 2.
In the combination of small radius r of through hole 1a and long protruding
length £ (the lower left direction in the table), if protruding length f'is excessively long
25 with respect to radius r of through hole 1a, discharge occurs not at the tip of discharge
electrode 2, but at a trunk portion of discharge electrode 2, at which the distance from
induction electrode 1 is the shortest, resulting in a non-preferable state.

Both of two parameters, namely, protruding length f and radius r of through hole
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10radius r of through hole la and protruding |length fare.excessively
i ncreased, discharge may not occur. Large radius r of through
hole la (the right direction in the table) neans that the distance
bet ween di scharge el ectrode 2 and induction electrode 1 is increased,
so that large radius r has an influence on intensity of discharge at
the tip of discharge electrode 152 as described above, and al so
causes decrease in anount of ions trapped by induction el ectrode 1,
whi ch ions have been generated at the tip of discharge el ectrode 2.
Large protruding length f (the lower direction in the table) neans
that the distance between the tip of discharge electrode 2 and

i nducti on el kcereslfectiveifer inereasingsadon mcwh!atlon arF@BNWDﬂ&rgdlrm@US lecpfgt h f

has an i nfl uen i,nt ensi of Jdischar dISCh
oectroun o ERHEn B 13 ERR ddrle B RENA Horfloabild i Balliof ERED

i ons trappedhiywhéndtgitié OB 1£he Chd Frte: chmc%usiﬁg pt&ﬂﬂtd@ﬂé‘@ﬂbﬂ&&oﬁ@sﬂﬁﬁﬁt ed
at the tip of discharge el ectrode 2. ['n the conbi nati on of

smal | radius r ofBased ek r%lt%m@gSahha%wgngmgmapmgpmaéﬁg@mbmat@mé

| onwer |eft

exce55|€ely %ﬁ§¥§§ﬂnhghhggéag§#ﬁ%@“?@ﬁ g% ﬂgﬁroug%BH&Fsa?ofﬂm

di schar ge ocairsiongtneditingievice 3 effectide §@h@p@meﬁir@,ah¢reﬂe ir?ipn odiceAtraton
trunk portion of di sl%plggag‘{e’hel gctrode 2, at which the distance from

i nducti on el@dirplgwe P2t fon-geaealing dsyictn a non- pref er abl e
state. Both of twonRALAEERAth ]ge&%%isyma,plr@tafé‘ﬂ'b@% EMtaBdt:oﬂ'éqrerdqgﬂﬁﬁ

r of through hole la, are effective for increasing an ion
concentrat i cand clemﬂwgcm-gdnarageg devati 39sn viewfofttimso cipnadieslstics, krgeapsdmiding

decrea i ons ti.r. ed by inducti el ectr e 1, .an
when' 110 s BPEREFlenflse' AR S EPREER BfecrfiitEl o PlbgRuford gt FRniy HOF
becomes snal éxcesaaélgqumgrpréthﬁhﬁgelsngth $restiltshh @t th%lle@dlamle?mp pBdisdhgrgan
appropriate conbination of 5radius r of through hole | a and

prot rudi ng | BeFFORe £ PrPtRdisDEPEOuERS cofng t Hdonsgeneragng depdce 30.  In this case,

ion generation performance of discharge electrode 2 is lowered by a mechanical impact.
Therefore, the needle-like tip of discharge electrode 2 is preferably disposed such that it
15 protrudes with respect to a surface of induction electrode 1, and that it does not
protrude from the upper surface of top plate 21b of outer casing 21 of ion-generating
 device 30.
Further, as shown in Fig. 13 (B), even in the case where the needle-like tip of
discharge electrode 2 does not protrude from the upper surface of top plate 21b of outer
20 casing 21 of ion-generating device 30, if protruding length f becomes longer than radius
- 1 of through hole 1a, discharge occurs not at the needle-like tip of discharge electrode 2,
but at the trunk portion of discharge electrode 2, at which the distance from induction
electrode 1 is the shortest, resulting in a non-preferable state. Therefore, as shown in
Fig. 13 (C), protruding length f is more preferably shorter than radius r of through hole
25 la.
The discharge phenomenon is simply determined by an applied voltage and a
distance between electrodes. Therefore, if the tip of discharge electrode 2 has no

acute-angled portion, discharge occurs at a portion where the distance between
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entire ion-generating device is effective for inplenenting increase
in ion concentration and inplenenting a thin and conpact

i on-generating devi ce. When ion-generating elenents 10a, 106 are
to be disposed and configured in thin and conpact ion-generating
device 30 in view of these characteristics, l|arger protruding

10l ength f tends to cause a higher ion concentration. However, as
shown in Fig. 13 (A), excessively long protruding length f results in
that the needle-like tip of discharge electrode 2 protrudes from
outer casing 21 of ion-generating device 30. In this case, ion

generation performance of discharge electrode 2 is lowered b
nechani cal i i#geion elppispdefloand dlachfégmdeqit@cmlk@mmgetbf Howohai bettp of

el ectrode 2 f h_t it R '
respect to a!:hgcuﬁl{gge%f??&eyz @éﬁéﬁl ?gcﬁg]el eS%Ea lipm%t%fg ﬁna?cug angge%n ﬂ%ctmc
protrude fr ofield bencemeds withd e of difchigp e]&bt@dic& Rakd @froﬁwﬁlﬁ:lhafg@%bﬂﬁs 21
of ion-generating devi as shown in Fig

even in the Pe{Wes %P%a‘%dd@g‘ifé‘@ﬂﬂé@ﬁiq%é tll?)c’@‘f’r Wp@é*hi'raé}@“’é’lgéhq ?R)@I% 2
does no ro f

00 SR HLORAE IR0 SU1J GE, OLokal Dl PR iy
becones | ongarthe figabecomes siwong, sof thatht eaginedymisaible a0 ca:hsscdsmnagdas@mgar s not

porti on of  creereibeHE pllsdhuat SB:05e R Fiireer Hrditdndevey S ditance
i nducti on elw&émﬁeﬁpmﬁjmmﬂaﬁ%&t&ﬁm15&&%51119%' n a non-preferable
state. Therefore, as shown in Fig. 13 (C), protruding length f is

more preferably dHeetthe presrsh lnﬁ’@mﬂlﬂ@s founfl thatribihg thmfldeciz@ae dectrode 2 isThe
di scharge ph by, a ied v
i st ande oot SRANE APt s3Il SELETL0EE, Ry AIMGRARrRe ¥ EpREaE °

el ectrode 2 leagh i shardrehanrgdiedr mhﬁougmolelusczha:rr@ehs@mgé Sccﬁis tRtween the
bet i nduction el ectrode 1 and

portion where di st

di scharge el ’ée@%]reg‘&%tlﬁ O?Q‘S rge GEEB de 3 grgapdiction elegiredet . p Therefre diar ge
el ectrode 2 fas AR G

an electric fi elgglr(?gﬁ%legﬁlﬁ aﬂtfgts on t&ﬁgq%ﬂ ﬁdlgptl{%stﬁﬂo ghggigllg’clﬁsﬁggﬂg%%
and c orona débesehenrems dssbangs biteewetn nedule- hkemmaifaﬂlschdge tlecrode2emtir ode
1. her R of eI ectrode 2 to
mave. anPacut ERukan eislst A Pt g piciPresk beRiten B EkAOEIGR GEEGHEEE )
at the tip beeswds2ahd RAgetion@ldehtade 1.t becomes possible to cause
corona di scharge between the tip of discharge electrode 2 and

i nduction el ect r ddis npiedithat the profuding lopgthds fiyexompln. ¢ han-#9 ramgand

i nduction el ﬁr@fel:a%fgrel Jm'-fr_nﬂ?t i Mt de through hole 1a of induction electrode 1 is,

for example, $12 mm-$13 mm (a radius of through hole 1a is 6 mm-6.5 mm).

20 Furthermore, the present inventor studied distance e (see Fig. 2) between the flat
plate portion of induction electrede 1 and supporting substrate 3. The details and the
results thereof will hereinafter be described,

Fig. 14 includes schematic cross-sectional views of the ion-generating element in
the case (A) where distance ¢ between the flat plate portion of the induction electrode

25  and the supporting substrate is 0, and in the case (B) where distance ¢ is ensured.

The most efficient way to dispose induction electrode 1 and discharge electrode
2 on the same supporting substrate 3, aliow the tip of discharge electrode 2 to protrude

upward with respect to upper surface 1c of the flat plate portion of induction electrode 1,
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Her; the present inventor has found that, if the tip of discharge
electrode 2 is 10allowed to have a needle-like shape to have an
acute-angled portion, and if protruding length f is shorter than
radius r of through hole la, corona discharge occurs between the
needl e-1ike tip of discharge electrode 2 and induction el ectrode 1.
Therefore, by setting protruding Iength f to be shorter than radius r
of through hole la, it is possible to occur corona discharge between
the needle-like tip of discharge electrode 2 and 15i nduction

el ectrode 1, and prevent discharge between the trunk portion of

di scharge electrode 2 and induction electrode |I. It is noted
that the protidumrkedon-gengiating deviqeciO thindnis dosely. AtaeninducBionsiectanit 1 to the

r ef er abl 1 - ! ' f t.heou le a of induction
gl ectrodeyl ?@ﬂg? %ﬁﬁgﬁ%%%?%ufﬂkt%{%g%m%fﬁn%'?g(fggdi us of through hole
la is 6 mm 6.5 nrin.thi2 Ofsey idwewerps ereepife difaB6E)N talonB ViR HuFhceSdruGpfReting

di st e (see Fi 2) between the flat plate portion of induction
e: Zc? nge 1(%‘ﬁﬁff’§%888tﬁ’%er‘% S@’&%tﬂiﬂ_&if@d%% mrﬁléd'eréﬁpaﬂegtr%ﬂﬁd i§ ARPreEBBels

ther eof swi | | ehgr®iridhd £r heugeRsid %ap ey high voltads' iQ%ﬁpliiéld ﬁ%ﬁgéﬁdﬁ%h?rﬁe t he

schematic cross-sectional views of the Ifon-géher ng el enmen
case (A) wheslectidds £and indectivatelosrodd hend hece pf @écpingalistinoa;jidt stidre there

[ [ I de .2 d the. ' bstrate.is 0, and in the
case (B whel® b LRu 3 g SisRiebio  TheretSrs, e o el amegager o
di spose i ndugt iiBfaned wﬁe&d@scharg@ele@&oa@&aéna@m%ﬁ&; é1&@l%d@1,q9xggﬁ1§retsgﬁe

supporting substrate 3, allowthe tip of discharge electro
prot rude upvifRese erhthe saprewppersing ppstratedr f ace | ¢ of the flat plate

oL OT00, RIS A, A0 SRS L

supporting seipstitesdnd partams sfintwtion efettfodely abddllowing supporting substrate 3 to
support induction electrode 1 at bent portion 1b, a gap having dimension e is ensured
between the flat plate portion of induction electrode 1 and supporting substrate 3.
Thereby a creeping distance j2 along the surface of supporting substrate 3 between

15 discharge electrode 2 and induction electrode 1 becomes longer than distance j1 shown
m Fig. 14 (A). By always ensuring a distance equal to or longer than a certain distance
between the flat plate portion of induction electrode 1 and supporting substrate 3 as
such, it is possible to suppress unnecessary creeping discharge. Dimension e of the gap
is, for example, 0.5 mm-2.0 mm.

20 It is noted that, by disposing induction electrode 1 and discharge electrode 2 on
the same supporting substrate 3, it is possible to control a planar displacement of, and
also minimize a displacement in a height direction of, induction electrode 1 and
discharge electrode 2. It is thereby possible to reduce the causes of an error of the
positional relation between induction electrode 1 and discharge electrode 2.

25 As described above, according to the present embodiment, it is possible to
achieve stable ion generation, decrease the rate at which generated ions are neutralized
by induction elecirode 1, and efficiently emit ions from the apparatus to a space in a

significantly larger amount than conventional,
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In this case, however, a creeping distance jl along the surface of
supporting substrate 3 between di scharge el ectrode 2 and induction
electrode 1 is approximately 5equal to radius r of through hole la. A
high voltage is applied between discharge el ectrode 2 and i nduction
el ectrode 1, and hence if creeping distance j| is short, there may be
a risk of creeping discharge. Therefore, there should be ensured a
margin for the distance between di scharge el ectrode 2 and induction
el ectrode 1, which are disposed on the sanme supporting substrate 3.
10Therefore, as shown in Fig. 14 (B), by providing bent portion |b at
each of the opposite end portions of induction electrode 1, and

al | owi ng suppor t i Frgtheumege.ibis posibleyodmplssent 4 thiuasd compast inntgenerating at
bent portion : i i We]r IS, :en . we the fl at
ol at e port | ok B PR ABXB0uE SEESHAR By'e BRAARBRE b 0,
Ther eby a crintgrangl, sb thabio Bopshlatodng eddsehsandgasiasef of 3t pROfrchINGparatus
substrate 3 between, 15}gi_scharge, el ectrode 2 and inductign electrode 1
becones | ong%‘Pu‘Fﬁng‘ﬂaF toh8eneating feyigs. and ipprgase the qegyee ofifregdapmpisthe sites
ensuring a %ﬁér@%‘?oxﬁ%&ﬁhtih@d%cc'i? mb{}ily. @ certain distance
between the flat platé portFon of 1 nduction electrode 1 and
supporting subst riastleull rsunderstopd that the epdodinzhidisadossd pgrimgsillustrative and
unnecessary cr.eeping .di scharge...D nensi e of the gap i.s, for

exanpl o, 0. STHHIBAEY AT SHPYST STIRGCRRP ik Pretsyt HVEBBEIGOPAARLD B

el ectrode 1 @dagtiflios abavedRt B 86 képERr theQhihl) And ARe&IARO ciudd all
substrate 3, it is possible to control a planar displacement of; and
al so m ni ni Z@odifieAtieps witlinhereqrivalentimesagine 20 saope pbthe skims. nduct i on
electrgge 1 ﬁﬂﬁU§f§$ﬁﬁkﬁﬁjﬁﬁﬁﬁ4 e 2. It is thereby possible to
reduce t he causes of an €rror o he positional relation between

i nduction el ect r diie ptesamdnvtnsehangertiehely aodatageoudyAs aggitdntd be tbn-

above, according.to the present .epbqodinent, it _is, possible to achieve

stabl e ion o¥HEFHM chd‘g@d@&@é ipcstipny plecteqde pd & disghorre dictrads Baving e

neutralized RydinUbehi BPg&kRBhS Rﬂ@b)%dis@lﬁ Sidd & it i @ﬁh}aq?ga%iéefdom
p anmount than

the apparatus to a space’in a signiticantTy |arger

convent i onal with theriethgenarstiag dévicei s possible to inplement a thin and
conpacy 51 on-GeBERA1B% OF THE REFERENCE SIGNS

I: induction electrode, 1a: through hole, 1b: bent portion, l¢: upper surface, 2:
discharge electrode, 3: supporting substrate, 3a, 3b: through hole, 102, 10b: ion-
generating element, 11: high-voltage transformer, 12a, 12b: high-voltage circuit, 21:
outer casing, 21a: ion-emitting hole, 21b: top plate, 22: power supply input connector,

20 23: power supply circuit, 30: ion-generating device, 31: molding resin, 60: air-cleaning

unit, 61: front panel, 62: body, 63: outlet port, 64: air intake port, 65: fan casing.
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device in which a high voltage drive circuit and the ion-generating
el enment are integrated, so that it is possible to increase the range
of uses of an electrical apparatus nounted with the ion-generating
device, and increase the degree of freedom of the sites 5where the

i on-generating device is to be nounted. It should be understood
t hat the enbodi nent disclosed herein is illustrative and not
limtative in all aspects. The scope of the present invention is
shown not by the description above but by the scope of the clains,
and is intended to include all nodifications within the equival ent
meani ng and scope of the clains. 101 NBUSHESAL APPLI CABI LI TY The
present invention can particularly advantageously be applied to an

i on-generating device including an induction el ectrode and a

di scharge el ect rpdeshni gitieting eelies for kendritihg ibAY byo@b&Taatd, Bempesisg:bY
di scharge, and an electrical apparatus provided with the )

i on- gener ati ng davpegenargbpsdeneticindirg FdiEckEgreencrcda@ng a needletlike
i nduction electrode,, la: thro hol e, . bent rti.on, lc: er
sur face. 2 bt A Pac@inarh e Relfe Sl B ot crGler BE R
t hrough holigje 5QfadelOb: ion-generating el enent, 11: high-voltage
transforner, 12a, 12b: high-voltage circuit, 21: outer casing, 2la:

i on-emitting holahigh-vblhagettpsiormerior aplynge highwmobihge forspidt ion-@anerating
2023: power sugﬁjy circuit, 30: ion-generating device, 31. nolding
resin, 60: AP eaning unit, 61: front panel, 62: body, 63: outl et
port, 64: air inf@3keveRide.gchdratih@Bir&ASoPBrivingsdl Mhlvol®Be transformer;

i on-generating device for generating ions by discharge, conprising:
an i on-gener at i ngpwtesaprly inpol celinegioneldétsicilbhr ganedted torsanichiplavoltagea
needl e-1i ke ti and an “gduction el ectrode having a flat plate

portion atﬁﬁﬂpgﬁn%?%?y%ﬂ? r through hole is nade; a
hi gh-vol tage t r%%&@{fﬁ%vhﬁ@lrsaﬁﬂ@ﬁ]g)éhé}gti@g AEABntY 4 BYB-VioRaS@irshsformer,

i on-generating el enent;
said high voltage-generating circuit, and said power supply input connector are
disposed,

said tip of said discharge electrode penetrating said through hole of said
induction electrode, and protruding upward with respect to an upper surface of said flat
plate portion of said induction clectrode,

a length by which said tip of said discharge electrode protrudes upward with
respect to said upper surface of said flat plate portion of said induction electrode being
set to be shorter than a radius of said through hole and to be in a range of 0.5 mm or
more and 4.0 mm or less, and the radius of said through hole being set to be in a range
of 6 mm or more and 6.5 mm or less, and

said ion-generating element, said high-voltage transformer, said high voltage-

generating circuit, and said power supply input connector being disposed in a planar

manner with respect to one another, and disposed in said casing in an integrated manner.
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a high voltage-generating circuit for driving said high-voltage
transforner; a power supply input connector electrically connected to
said high voltage-generating circuit; and a casing in which
said ion-generating el enent, said high-voltage transfornmer, said high
vol t age-generating circuit, and said power supply input connector are
di sposed, said tip of said discharge el ectrode penetrating said
t hrough hol e of said induction el ectrode, and protrudi ng upward with
respect to an upper surface of said flat plate portion of said

i nduction el ectrode, a length by which said tip of said, )
di schar ge el ect rbdelhisrion-gearsati tqg agparfingée plagn 1t BIrdar epmajpjsing a casing
surface of .sai.d.flat .pl.ate porti.on of .said Jnduction el ectrode .bei.ng
set 1o be dhoriet ' aRBhe Bl g el e BheE R FSe Rk
range of 0 5 mMMqid &Rme A8 tdh HalRudwhichl :@S6n-cAeng R6lciadbMiudicatah tith
t hrough hole being set to be'in a range of 6 nmor nore and 6 5 nmm or

| ess, and said thrauighdoleori-sgidrindustion glestredesin formsdi andhi gh- vol t age
transforner, said.high.vol]t.age-generat.i ng,.circuit d .sai d, power
Supply | nput corioRe e S ICERe RSt SRt R PR pect
to one anotfgfrudeAfiflvailil SRBTESHetito 2abF szt BYsdifl tépplhtet egr at ed manner .

2. The ion-generating device according to claim1, further conprising
a casing in which sBiedontigsuatingaiesicecrradogdndasail dr2nfutier amprising a

el ectrode are di.sposed, wherei.n . . said.casing has.a top plate at
Which an' | GHORSHIE SAG TR UoP B igindER b S Wi 1 oLgh ot e of
sai d induction elLeChiddRnicfechBiEBE o @éﬁ@portion,ma?i@!b? bEh(HnQEai&%l'afjplate

di scharge el ectrode is disposed such that said tip does not protrude

upwar d wi t hportespact supporged lppsaglisupaoringfsulssiiate, tiwp pl at e. 3. The
i on-generating devjce according to claim21 or, 2, further conprising a
suppor ti ng ;ubstS@ai Bludigpaiecihge léaﬁrlapqrf?@&é’ﬁﬁ@ﬁuap%ps sﬁc&}r%ﬁg%ﬁﬁtg
sal d i nducty,0ns flacbiade 4as na: A8RLRRJIARATRARBY RepIhaaIa 1! at
pl ate portion and supported by 'said supporting substrate, an

sai d i nductsupporéhgetbstedie. i s supported by said supporting substrate
such that a gap js pade between said flat plate portion of said

i nduct i on el ect rbde*aAGCEETIFPRHARE (MY Sgbst r at e. 4. A

el ectrical appargt ib%ug_e‘r&%ﬂggﬁbﬂgé réefi& fn%‘y%ﬁ@%ggtafnﬁkgl feying recited
in any one of clalns to 37 and | w unrt for
delivering at | eadr Blow wnit fooddlivierieg atdasst amgoMegaivieiens adnegaiveriadsed
at said ion-generating device on a blown air streamto an qutsjde of
the el ectr i%?ﬁ?ra%ﬁé?% in-generating device on a blown air stream to an outside of the

electrical apparatus.
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