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Influence of Local Corona on Discharge Characteristics of Composite Electrodes

in Negative Polarity under N2 Gas
Tetsuo HOSHIDA, Hideki UENO and Hiroshi NAKAYAMA

Department of Electrical Engineering and Computer Sciences

Abstract

This paper describes the influence of local corona on the discharge characteristics of composite electrodes in
the negative polarity under N: gas. The composite electrode is the one that the needle electrode was connected
with the sphere electrode parallel through a resistance. We examined the breakdown voltage and the discharge
behavior depended on the horizontal distance between sphere electrode and needle electrode when the
resistance was changed. As a result, the difference was seen in dependency of the clearance d between two
electrodes on the breakdown voltage. From the observation using an ultrahigh-speed camera, the difference in
the corona luminescence was seen at the gap between needle electrode and plan electrode.
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% 0.1~0.2MPa ¥ THA L.

EVMEBIEL, IR 15us, WHIE 35kV ORBHHHE LV ABETHS, 28, ERCHE LBEEEL
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Fig.1 Electrode configuration
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B HEME - N2 /2 0.1MPa, x(EEFMORTH & 8 L OBOERH)=05mm OFHFT T, 7l R % 0.01MQ,
0.1MQ, 1.0MQ ¢ L 7= & X DORBEEE L K EFRDORERE & $1EHE &L OEH (D & OBfFR%E Fig.2 IZRT. B
BEFIIE dOET 20 ERIELITV, TORHECTHBRES I, 72, REROBERH HBEEOERIL, R—F
R CORE & & — FARM TOBBED 258 Y OWEER B FR SN 52, SERIOHECENTIETR-FRETD
L I od-. IPOAETHR—FEREOBEE T2 RT.

0.01IMQIZ B} B HR—ERBIOWBEETEIL, d=1.0~3.0mm DFHEHETH 15kV 225 11kV FTEA L, d=3.0~
5.0mm OFEFE TH 11kV 725 16kV £ TER L72. 0.IMQICK T B ER—FARM OBEEEEE L, d=1.0~2.0mm DHiF
T%H&V#B1%Vifﬁ9bﬂ#ﬂ0~&mmn@ﬁﬁfﬁ1%VW61&V§TLﬁLqﬁ$0~5mmn®ﬁﬁ
T 15kV 235 11kV FTHA Lz, 1.OMQICE T 32— FiRE OBBEEIE L, d=1.0~2.0mm O TH 23kV H»
5 16kV £ THA L, d=2.0~5.0mm OFFH TH 16kV 225 22kV FTER L7

WICHUBREIT, 3 &fF & b d=1.0~5.0mm OFEH TR - FIRMOLDBIRE 225 7:
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&, 0.01IMQ & 1.OMQ DREET —d BiEiL, d=1.0~ 40
5.0mm OFHEICEVTRD LEET S FIoloBELRLE. Negative r=2.5mm
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B LOR— FREMOBMBETEIGESS L Bbhd. EE, 40—
R=0.01, 1.0MQ OFIEEEIT &=2.0mm LB TITLERELTWS. — Negative =2 5mm
T —%, B=0.1MQ OBIREEIL d=2.0~3.0mm TLH L2, d= ?_c i N,:0.1MPa g=2.0mm
3.0 LARIZ I LT-. o 30r O sphere x=0.5mm
S R=0.1MQ
g 20.
3.2 MREE —IBHSM g
Fig2 OF — 4 %#FKIZ LT, WREE L IS MEL RS, Fig.3 38
(TR BB L HHERERI O IERE d 45 1.0~3.0mm ¥ CIZIEA L 5 10}
EEREORME HICHEBENS LR L. Loy, MBdA40, o
50mm & K& <73l MAEOHEME HICHBEETENED T . . ‘ . .
B, ED%, LRT S VEERELRE. 34 s
ZOE D ICIREIE L SEBROEE d DR/ L 5T, B—F - d[mm]
REBHOBEET — BV ERRR D LD, $HEBN LD dor (b) B=0.1MQ

anFEHBER 4 BRI > TRESE(T S, %Kiz, i

. X Negative r=2.5mm
B2 0.IMQD ¢ EDOBEEENBRER LDER>TWDS, 22 N.-0.1MPa g=2.0mm
T, DOBRREN L *DEBEEENEFCEAL LT, UTFOE o - x=0.5mm

BE{ToT-.

3.3 BEEEL A 7 LB B EXBOEA

AERIT, BHEBAL TH - FREIC D D2EEDLL £
DR &R - ERMIC D DBEBEDL L EA BRI L 0 LB E
TV enh, R-—HEBEICBMAENELD. £z, #1—F

-
o

Breakdown Voltage [kV]
N
o

BRI DBEDNY S LR BEEESETND D Lhb, 3
aufRBICEBREHD LD EBbNRS. —F, BROQDEE, d [mm]

d=1.0~5.0mm DFFHD I\ TER— TR TOREEE & # — AR (0 R=1.0MQ

TOBIED 238 Y OMBERBBBER SN TV S, %2, ¢=3.0mm Fig.2 Dependence of d, which is the
LGt —FREOABDOBIEE L > TWB[7]. LiL, AEER horizontal distance between sphere and
LB DEIEERRIL, ETORBIZBWTR - EREIOLOREE needle, on the breakdown voltage.

Lol Z D n, BRICL Y SHEMANLRE Lot i
BICEBRTTVBLOLHRIEINS.

$t—FRETOa u T OBV ABEETOREICHEY &
ETEEXDNBD, B8 —FRMTOa o F2BICER L
TantORENGHEE COREEH Y, K+ ns CHEBNE L CTERZT-7-.

Fig.4 {Z4 ZJE£ 0.1MPa, x=0.5mm, d=3.0mm O & & DRBEEE & RS, BHEEME 50ns, 1 ¥ 7 L— LB %
10ns IZBRELTWS. EEEOTOMEIE, ASARBEEXEMLTHSEE LR & ORI+ 35BN ET »
&72-> T 5. Fig.4(a)it B=0.01MQ DK EXE) T, Fig.4b)iz B=0.IMQDKELETH 5. 2P, frame3 IFBED
B, BEEBELTREL TV D LOBBERORLAH 25TV 5. 0.0IMQ (Fig.d@), 0.1IMQ (Fig.4(b) & b,
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frame2 THF— TARM, H—TARM & bICTIREEE TERL 40 )
TwdaaF BERSNT. 20K, framed TH— FHRAMO = e, & o
B AR, BR— TARRI TREE L 72 0.0IMQ & 0.1MQ % bk ol W d=3.0mm
+5 L, frame2 (Fig 4@ IU T = 0 F 2ER & h i BIE g=20mm g g=4.0mm
x=0.5mm € . d=5.0mm

735, 0.01IMQ DF4 10.9kV, 0.1IMQ DIFEA 15.2kV & 0.01IMQ
DIF ) BRIARVIRLS g o TV D, iz, TD L Z Do T8
FHETHE, 0.0IMQOF B —FREICRIT Ao v T %%
ML 2o TUWB, Figh IZH AFE 0.1MPa, x=0.5mm,
d=5.0mm O & EDKEBEHEE Y. BNFHZ 50ns, 1 &
7 L— A% 10ns ICEREL TW 5. Figs@id £2=0.01MQ ‘
DHBEEE T, Figsb)it B=0.IMQDHEEHEBTHS. 2%, 0 S E—— :
frame3 XME O, REZBLE LTHRE LTV 5 biER 10 R1R/IQ 10
DEXEBHBL R >TW5D. 00IMQ (Fig5@) , 0.1IMQ Fie3 Depend f[R }E.h, he resi
(Fig.5(b))}: b, frame? THH— TARM, B— FARRI & bl TAR 1g. epenaence of /fr, which 1s t_ e resistance,
BIBETERL WD anFAgfllanik. ZD%, frame3 T
BR—FHRETOMBIZE 7. ZDLE, d=3.0mm D& &L ‘
FHEIC 8 — EAREIC BT % 2 0 FREIIRER S22 o7. 0.01IMQ & 0.1MQ # k4 5 &, frame2 (Fig.5@) b))z
BT oo FBER S EER, 0.0IMQ DA 14.0kV, 0.1MQ DHA 10.7kV & 0.1MQ DIF 5 23 3kV K< 72
S2TW5. 72, TOLED T EMELLETE L, 00IMQOFHBEH —ERMO 2 a FREEREL o TN 3B,

20}

10f

Breakdown Voltage [kV]

on the breakdown voltage

frame2 660-710ns frame3 720-770ns

-9.9—--10.9kV -11.2—-12.1kV
(a) R=0.01MQ

framel 820-870ns | frame2 880-930ns frame3 940-990ns

-13.2—-14.2kV -14.4—-15.2kV -15.3—-16.2kV
' (b) R=0.1MQ

Fig.4 Development process of first corona discharge in N2 at gas pressure of 0.1MPa '
(x=0.5mm, d=3.0mm)
(Frame 3 dropped sensitivity from frame 1 and 2 and was taken of a picture)
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AN
resistance

framel 770-820ns
-11.8—-12.9kV

" framel 560-610ns
-8.5—-9.5kV

frame3 890-940ns
-14.2—-15.3kV

frame2 830-880ns
-13.1—-14.0kV
(a) R=0.01MQ

frame2 620-670ns
-9.7—-10.7kV
(b) R=0.1MQ

frame3 680-730ns
-10.9—-11.4kV

Fig.5 Development process of first corona discharge in N2 at gas pressure of 0.1MPa

(x=0.5mm, &=5.0mm)

(Frame 3 dropped sensitivity from frame 1 and 2 and was taken of a picture)

3.4 HAREIZ L 2BHEE/EOE(

BB - N2 /2 0.2MPa, x(TE 5 R OEK T i & §+568% & ORI OEM)=0.5mm 3517 BB EE & KEH B OKER
LHERB S OER(D & DOB%% Fig.6 12577

0.01MQ(Fig.6(a)) DFEIERBE 1L, FREH & STEBM O/ d OB L #HITFEEEIZ LS L7, 0.1MQ (Fig.6(b))
DIEEBIEE, d=1.0~2.0mm O THA L, d=2.0~3.0mm DOFHETLE L, d=3.0~5.0mm OHFEH TR L7,
1.0MQ (Fig.6(Q)DBEEEIL, d=1.0~2.0mm THL L, d=2.0~5.0mm TLE L7,

&Y, 0.IMPa DBFELEET DL, EALRBICIABWBEEOEITHE Aonkh ol £/, 0.01IMQ
D d=1.0~2.0mm COFEBEDETHR LN o708, 35 L bIZIFE UREBEEESMEL 720, 0.1MPa DiE4S
ERIFRIZ 0.IMQ ORHEEBEHMD, d=3.0mm L YV BOTEHERL LD ER -7,

P
[=]

[}
o

Breakdown Voltage [kV]
=

w
o

40 40
Negative r=2.5mm s Negative r=2.5mm s Negative O : Sphere
N,:0.2MPa  9=2.0mm = N;:02MPa  g=2.0mm =, N,:0.2MPa
x=0.5mm o 30} O:s x=0.5mm o 30
: : Sphere
O: Sphere o b 01mM @ g R=0.1M Q 4 g\a—/g/g/g
G G
L > > o
° = 20 o - 20 5 8 ©
| E] o 3
S 3 o r=2.5mm
S 10 = 10 g=2.0mm
% o x=0.5mm
@ R=1.0M Q
0 0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
d [mm] d[mm] d [mm]
(a) B=0.01MQ (b) B=0.1MQ (c) B=1.0MQ

Fig.6 Dependence of d, which is the horizontal distance between

sphere and needle, on the breakdown voltage.
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3.5 HEHUHE B=0Q DFE ORIBTE R L AR RS

BRRM - No R 0.1MPa, x(FTE 5 AIOEK T i & #1564 & ORIDIER)=0.5mm, RB=0Q 33T AEETE L KEFHED
EREBAGR & #HEAE & DER(D & DBIfRA Fig. TICR . $#H—FRMCTHBE L L E0BE LR - FREATHREBL- L &
DEBEEZEFNENEH, BEITRLTWS.

BHEITR UK —EARB OB EEIL, d=1.0~2.0mm O TH 19kV 725 15kV T L. —F, BRT
R U8t — AR COMBEET L, d=1.0~3.0mm O TH 12kV 25 TkV FTHA L, d=3.0mm LAEIZH 7kV
Lo,

K- AR, $—FHEREBENEOHERROBISEIERE) L d L OBMR% Fig.8 (2R, BRI 20 E0H
FEFIZER - TFRETOBBEORIE & - EHBTOBEORIKEZ E L HIL LD THS. d=1.0mm, 2.0mm TOE—
EHRBOBEERIIZTN TN 045 BLV0.7 &89, d=3.0mm BT TR TH —FRECOREL o7,

&Y, d=1.0~2.0mm O TIIEK— FRH COREEE & # - EHRE TOREED 2@ Y OBEREIBR S h-.
dERELT D, 20, $HESBEREBE»OBEL TV L8 - FHREITHE LT < 2D, d=3.0mm BB TIILT
St— TR THIE L. £7-, d=3.0mm L& TO — ERBOBEET G 7kV)7b> RERR D E S — AR AR
(Gap=2.5mm)DEEE L IZFIFREOHEBE ThH 7=,

UEDZELY, REMBEHERE OKESFMOER dIZX Y, REBIHEBIZELRIFTLOL F&bhé[
LT, $HEEYREBLIV bHIRERMNS &, $HEBNIKREBOEE LT T2 LAl ENS.

H
o

< Negative r=2.5mm Negative = 2.5mm
< N,:0.1MPa g=2.0mm N,:0.1MPa g=2.0mm
o 30t x=0.5mm ’ - [__] :Sphere x=0.5mm
g R=0Q > Bl Neede  R=0Q
o O : Sphere o
< 20p o ® : Needle Qa
3 e
z | 8 *
© 10} 0.5
m 5
L 0
0 1 2 3 4 5
d [mm] d[mm]
Fig.7 Dependence of d, which is the horizontal Fig.8 Dependence of d, which is the horizontal
distance between sphere and needle, on distance between sphere and needle, on
the breakdown voltage. the breakdown probability.

4 E8

ULD#ERNG, HEEEOKREMRMEICRIETHH= uv‘@%@howf%%?é

Nz 7/ 2 0.1MPa, x=0.5mm, B O RMEICHVTHEEE — dRtE 2 BT R, B=0.1MQ ORHEIEV R T,
R=0.01MQ (Fig.2()) & B= 1.0MQ (Fig.2()) DRIRBE — d ¥, d=1.0~5.0mm DOFEHICH VT d=2.0mm THK
IMEE LD VREEIZ o7z, —F, B=0.1IMQ(Fig.2b) DREEEEE — diElL, d=1.0~2.0mm OFWETHIL, d=
2.0~3.0mm O TER L, d=3.0~5.0mm O&HFE THUERD T2 L o7,

R=0Q MBS, d=1.0~5.0mm DFFHD ISV TER— FARM TOMIE & # — FRM TORMEED 2 18 Y OREEREIE
BSNTWD. I, d=3.0mm L& TII# — PIRFMOARDBIRE 2> TV B[7). LA L, AERICE S DRUBERIL,
ETORBIZBNTR-FEHRBOLOBIEL 2o, ThEV, 20T BBELVERBSETTIREMENORE - &
B 52, HUC LY a o FOERSME S, #— FREAOBECES TR - FREITOBBIZE - b L i
Alai 3. Fig.4(@®) & Fig.5@b)h b, EIABEOEOF B —ERMICE T 5 a0 FRBANE L-oTWE. Zh
L0, BRBPKEL 2D & au T OMBBRPE 2D LBbNs. £/, a0 T0RE - ER ERABICEMERD
RETDHDH, ZRBFIZL D 20T OMmBIZRGER Li2d vz, , _

ARRE D U EELRERE WHNEE L L HEEBERICIS VTR — FARM TORMER, $HEMETRAEL
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franFic L AEFHEHER-ERBOKELEI SR LTWA EBbhsl6l. —F, ant0RAE - ERORIC
RAETAENBICE BENEET, SutOEBLERICEDY, RAMEALLTaa L v bATFOEMTEL
3[17]. Fig.4(a) & b) % L84 5 &, frame2 (23 T B=0.01IMQ D5 A3t — AR 81T 5 2 v FRAD AN, T,
frame2 12317 B EE & B=0.01MQ D F A 4kVIEL. Zh XY, d=3.0mm DIFE, B=0.01M Q D 5 H3 St EREIEM A3
W, R—THREICETHREREINDTL RoFR, BMBEEEMES Kot bD L BbND. LML, ¢=5.0mm O
BE, RB=0.0IMQOF M 0.IMQ LY bIBEEENSEL Ko7, ZhiY, HEBELREBLY 5.0mm BEL TWHD
d=3.0mm & Y bHEEIC L A ETFHREOEEINNEL LB EEDNS. 207, d=3.0mm D X 5 (2 E=0.01MQIZ
BUARBEBEENME RO o2 b LHRISNS.

EEBROL S ICH—FREICH NI EEDI L EMRVEMEELEETVWAIHAT, HEBLREBICHFFITE
S5 L - SFEBROBMEICL Y, #HENLEREBICEm > TERLTWS anFRBRRASATHS11] XX
BT, $tEE» SRERICERT S anFdRR SN o, Zhit, #HHEBRELKRERL Y mm B THLTWS
=D —HREBROERMA+DICEL 2bRo- b Bbn3. £z, B=0.01, 0.1MQ & EHIEIRV IR — &
BHREOBNENENP -T2 L bEXLNS. InEY, REELHERE OBOER d 2 /hE< LIRS, HD0
B —-HEBEBEOEMEY KX TH1OIL, BREZKEL LEBAOan T EBHL R L THEF LR
BDULERHD.

5 i

Ne H RS2 BN T, BHBEERE 2L 0 ETHEBLIRA LN U THRER & WHICHHE S ¢ iR/t — TARE BN
BACEBNT, AEFRORER & SHEHBE OROEE d BELUEREZELEE L&D/ VA REFIELFHTE
B UFTOZ&Mbhol.
(1) #AE 0.1MPa, x=0.5mm DEHICBV T, EHEMN 0.1MQ OREEE — d FEiE 0.01, 1.0MQ ORREE —d
B L T E ST L o7, 0.IMQ OREEET — d ¥, d=1.0~2.0mm O TR L, d=2.0~3.0mm DF
BTERL, d=3.0~5.0mm OHEETHUBLTHIRKEE 2o, 20X, BRdIZL > TEH—-FiRMO =0
HE=EMHBELL, R—FREICEET b0 EEbND. FO/KE, R dik > THR—-FREOBEEEEIOEV AL
B0 EBbS. BiZ, B0 IMQOBIBRETRIIFELbDE o7,
(2) BHR—ERETHETZES, FOREIBOTHE —THRM, BR—FRMEE BICFREEBE TERL TV 5=
o ARBHSNT. FO%, R—FREATHKEL:. 20X, $#t—FREICBIT D20 FRENEX 2, 2T
B— AR CREBI B Dlx b0 e BbNb. 7,344 d=1.0~5.0mm OFFIZIBWTT N THK—
ERETOBEE L 2 o7z,
(3) B=0.01MQ & 0.1 MQ % t#¥ 5 &, d=3.0mm DIFA, 0.01 MQ DFHHMEWERE T — FER, 3R~ FHRHFD =
OFAERINE. FO/BER 001 MQOBEEENKL o7, —F, d=5.0mm DFE, #—Fik, BK—FRH
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