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Abstract

For DC GIL/GIS, the surface flashover induced by insulator surface charge accumulation has be-
come the critical problem restricting its engineering application. However the physical mechan-
ism of charge-induced flashover is unclear. This paper reviews the influence and method of insu-
lator surface charge on the flashover performance of solid-gas interface under DC voltage in the
last 20 years. Firstly, the influence factors of flashover voltage are summarized according to the
charge accumulation mode corresponding to the distribution of the tangential component-dominant
electricfield and the hybrid electric field, and the influence of charge accumulation caused by metal
particles on surface flashover is analyzed. Then, the physical mechanism and theoretical model of
surface charge inducing flashover are summarized. Finally, the key issues and future challenges of
the research on the correlation between surface charge accumulation and surface flashover under
DC voltage are prospected.
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Figure 1. Study on charge flashover relationship under different electric field distribution
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JEIF, A% M —37.5 kV F#KE] 7 —35 KV ZEA47[33]. 47 FH ik o s At ee 26 1 7 B i, ik igiE
5KV, IE. FMMERI B INGS B 2 N R T 1.9%81 3.9%, BkihiR{E N 10 KV B, B IN 4 250
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HLAT 5 R I - ST N 5 4620 R G450 RSB UIAHDE, B TN 48 1 FE 2 m,
FE B S5 N 2% 2 [RVE ML A EE B 2% . H A e B b 3 I o) 3% T F MR 2 1 P S SR B e SR A b 3R
T FELART X DA 285 (1RSI o R 42 1] -0 5 T P R RIS Bt 2047 75 00 1) T B o LA T [l A A b sk 1) 2 T A 2
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KRG B RS (APPI) IR A o 4 TR PR R JEAT TOUARBE, AT DASE ) RE 1) 2R T B B 23 A
KM F 25524 [35] [36]. FEFIFH APPI H AR LB R T W s, A T H 2 78 fi 1) 7 V2o iR ik
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SN, PR %) 2 T R A S 2 (s VT T DA 4 F R T B, 9 LRI AR M PR s 0 PR 8% FEL P () ST B K o 7 28
ML AT Rk, U PN 2% TR P A — e R, R (BRI B R R R % .

RMRHE T LA — P2 FINHI LN TR AR AR, ARG R T R EHLESIC HREX
IRFEINZS R R o SEEREFRIR AR R G AT, Hl& TIRA AN SiIC & &iR)Z MR EET 1T N
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5 00 2 T AT AR R A DR [37] 0 RN, TR 6% L I ol o e A 3 THT PRy 2 R PRI /N T 38K, D DR A 3R T v
IR RAF B, TR T RN AL .
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(R FELRELE, ol 266 [T PR VIS bt R, R T WSS TN DR R IR S, 5 — 7 T AR A Ak B A AR 1 2 T
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PA AR AR AL T 3R A AP AE RIS G0N, R 2% FU AR A IR O o SR THT FELA (RO AR P . HL A
AR E B RN VR T DA 2% TR (R DR/ DRI 2 TR 285 DU A3 A3 e ek 52 e 2 T P A 1008 5 8 T [ 42 00 Y T
P 6% FL S 7 AR ST
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TRA BRI N I AR RGN R A . V22 T 3R TE T A A 7 S R SR B e v, 7R AR R
THI A= PR LT 43 A 5 FR S M SR AR OG, BB ISR [ [ - SR Y) . V2358

TRA B A0 N B BB G A 2 S 00 T DU 9T SEBR T8 T WS T N 48 B R AR A&, IR/ MsE Ay
PPLFEHEZ % . 7F 0.5 MPa ] SFs UAIRES T HEAT I 220 KV 750404 1 NS seie b, 8 $E ik 7e B it
%, FIHSHF AR AN 4 2 F R AT . B ATINRSER B B RER R, 4
G R B AGCAPER AT ERE S NSRRI, %7 1 BER R AKFZh 765 kV, TR
B T AL R 1) 64% [39].
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Hor, a fil b 2T RBARFCIE R BURT IR MR LG LITRARE S

HA AR BE 8 AN B T 3% 10 b B 2> ek s SRS 2 1T AT O AR, [ AR bR i 3 20 fR R/ R 3 A
o R AT EAIE A, 3 SRR SN R AT A IR 3 DL T O 3 M 9272 0 [ 4
YEGAPRIR A FIRLRE FEAUAS AR IR 2 BT ST b, W) DR AL G BRI GBS AR L RS 0 e
fif = N RIRENE o 2 SEI8 P T 5 AR i ORI 5 2 503 ] PR 248 28 1 IO 10 3R T Pl 5 36

PAEAL B R AR LRI B G R A R T 8 2 70 b, S e 4 2 T SR 2 IR A BV I 2% FR
RSB 28], R IR ER 3 ) PN 28 IR A = A AR 2 251 i i, Ul B o T AT AR BE 2, I e AR T Dy
Ho [, FERT RN SN EATREN T, 5K R PR T 12.4%.

i WISFURPRLAR T TN 268 FL R S0 RO ST [40], B CRE NPE ST ] — =5 1 B0 1] 4 0 774 7 1 P Ao
EBE, X 2H, BT JLPPEREEN A, WM LFRCE R T TR A AR, B
TP ATELE A N R B P EER B B 3R . LGRS 2 R B AR b 7 B R, AR5 A S i
RS o T SEUR e I PR Al PR R AT AR SRAT A2 08 K B RE SR 7 RERRIR o SFORFAIN A A7 BE 22 R A7 A T
BBk, JF 5 TR IR B A, KER T T AR & T B I N R R A

FEXT DIRERR LA R 27 IR FU R, AAR 2SR LLAL T -20 KV T EIRIZ NG R 48 41 1R T HL AT 7
A SN Z AR AR [A1]. R HEA EEOR B2 0RE, ERIEAT, IEE TR s S Ek, B3
B AR PR SRR R A, DRI AT EZ . IEIGR REMNGKRE SRR BATBIK
AR T I R M AR M AT R AERE ), IR A B R R i &, B T AgE s n e
RN LS RIS , R AT AT LB 5. B IR R, 1R TIREAG TN Bk .

REMABIIER Tt LR B T INE N 2, ERMASEHT, LG TINERSHENREZ
BRI VE T 3R0m aAT, SmEBUIR . (B AR fLfr A N 2% f R A LB S5 T 1) 7 3 R L)
HA T

3. GIL/GIS & BRI EBAR S IA%

1E GILIGIS WA= M2 Firh, IR NAFE SRR 48 o A B 2> i 8 [ - < FL T fL 37y
7 o, A2 PR AR SR 1) B R, IR, [ N AN AR & S ORI E D SR A8 25255 % vh (1 R LR P TR 5K,
JE AT U THI [N 2% 1) B[R [42] [43] [44] [45].

S BRI RN o TR AN e A A B S5 08 FL AT B W BSGRH 3 AT A BE 2520 [46] [47] [48] [49] [50]. 44
JE R 5 FAR R, SOk SR i AR SR ) LA 5 R AR ) s MOk T 482 R ST, fokn e i AR 2R
1) FELART 5 BT 6F N LA, 2 IDURE S o 2 SR O T 48 257 R R, SR T FELAR AR SRR AN T b BB 5
H AR B i PR 1 00 [49] o LA, ARIOKE B 55 v S FEARE IRT S R A A5 (140 520 L B 5 by F AR N 5 o BRf 2K P
Pith 2 oA T RITNBABIRMEERN R, B2 UEBMAN/NT 0.1 ZKEF, W40 ff /A 7oA i
ERM[50], BEAE ORI EESE N, EARNOR, SR TR B AR I 5R . S R oRIE T A DLEE T 46 %%
TR R R A 40 A0, H 4Rk 54 7R M BB KT 4 5ok B & BN, okt
Y 21~ 3 THT FEL AT 20 AT RS20 1T LA 2 [49] o 4 IOk Kot FEL AT 43 A 7= 2B B 1) Ji IR R R A2 L3 (YR AR L e 8
TR R A O ARG BN . X T/ NEARTIORL, L (RS S HL A A A AR R B R R kT
KEARTRL, 5 T3S 100 H %o Ha A AR SR (0 14 in e 3= AR F [50]

XoF 4 SR ORI F T PN 6% P PR B AR T, F 90 R AN (R R B (1 G SR ks, 3 M T AN IR s
BEXT I SR TORL R & (1 L BRI S TG 5 SFe/N W& A S THT RIS THT N 2% 10, IR 88
ORI A Ui PRI HOK G0 4 J by AR TE PR3 A2 0 DRI 2 WA 4 e Aok 3 1Tt 0 7 T 2 0 v N A8 Rl 283 9 1
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B, RORG e JE A ARAE B3 AR T SR A SRR IER , SRR AR, T AR R
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RURZS, SR RSB « i R AE AR S T PN 2 7 AL S [51] o 28T SEPR 00N B IohL RF B0, ¥
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PRz, B ARG A R 3R 38 5 5 Rk e IR KL 112 5l, 2 ok 12 3 21 6 J 1 B A 4 2%
(g i, < UKL= TR B SR, JFAE RO S S R S T I T N 2% . 1 T < R UKL 118 3l
HA—E MREALE, B N 48 R A th B — e IREALIE[52] . FAESERTTT 1 BB AR 205 73R 1 4
JRRRURSE 5 FE FR) 28 THLT P AR SRS 91 T PA) 2% 4 52 M1 [ 53] o il PR 28 208 25— i 948 14 < o WORSE 5 AR RIOARE 9 i B 0 370
WAAZ, YA TARIME M o BB B E Py, N SR R Ay B O . R F e B AR < OB (R
B AR AU, ANFEDREBEE S 2 SERANFIRE B (T F i AR, T B AR R ROR, AR TR TAR SR
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4. BB AZRE - SIBENSIELIRE

[ — AT I DA 28 R R A 2 BT AN . A [ - ST =07 TH ARG R, H r ] A D A=A
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1) Zi#& 7 (Comprehensiveanalyticalmodel)

SRR [N 25 3k B2 v T BBV K B BT A 0 B RS TN 4% FL TR S 0 4% 1 U 5 D — ALRRAE R
TR RHIE R A7 56 T SR AU RO At b, DURATREADOCEMBL BIE N RASE, AR INS K AR I
WA RNS NSRS E R, T RN ZS R N 4 BT 478 1) 25 B B [56] «

Vig = D A, (process)_ )

XS FRAFEILE T4 . IR R BT L IR LS, RN K RIS FIFY
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CRE BN AT - NS T B TR 2R S, ARSI IR N4 LR R (FORAETHE LA A
THOLR A TR E BAR T, HrE R BERE AR PE BA —E M.

2) AR LT RS TN 4% 452 78 (Charge cluster model)

AR BV 10 e I R vt B 5 R T ) S R F AT S LA A TR N 2% 2 . 7E GIL 5
BRAG THERERRGE T, BT EAAEERMUNRE, SSEUURD THES, 774k m s
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Figure 2. Flashover paths induced by charge clusters
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