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AC icing flashover performance of 110 kV
potential transformer and the measures of anti-icing flashover
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Abstract: The AC flashover performance of 110 kV iced potential transformer is investigated by testing in
laboratory to analyze the influence degree of icing on the safe and reliable operation of power system. The results
show that the AC flashover voltage of 110 kV iced potential transformer decreases with the ice amount increasing.
The relation between icing flashover voltage and ice amount accords with the negative exponential function law, and
the characteristic index is in the range of 0. 085~0. 100. Meanwhile, the relation between icing flashover voltage
and ice thickness accords with the negative power function law, and the characteristic index is in the range of
0.40~0.55. The flashover voltage of 110 kV iced bushing is related to the pollution before icing. The relation
between icing flashover voltage and salt deposit density (SDD) accords with the negative power function law, and
the characteristic index is in the range of 0. 21 ~0. 26. When the ice thickness is up to 25 mm and SDD is
0. 08 mg/cm’ and above, the icing flashover occurs on the 110 kV potential transformer in service. The effective
measures to prevent AC icing flashover of 110 kV potential transformer are to increase the height of the structure

and install creepage extenders., The results can offer consults for the external insulation selection and design of
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substation in ice covered regions.
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S R A AR R B K U M E R 2 —
OKE U T RGN 4B AT R 2008
4 1-2 L B SEARIR TN S vk B AR ICE KA P
13 A8 (KO BT R GLis 11 % 215, Horp, J 1 3%
M f5 Ay "™ B (1 A o g L X R 1 S T e
TEVE 25 T PG W T 25 i, o Ak 4 [ 169 4
BRI el A Ly N2 o 17 B N 10 O o = R LA 5|
. nim & KPS B e s et gy 2
ARSI 98 A R A el
VKT 5 | 1A i R R B A0 2% T IN 48 S

YT VKON H X 2 4 i ™ B A [ P AP AR oK
PLEE RN VKN 48 R R P B T R i B iF £
FEH R 40 Charneski 25 X 45 Fg R G464 1L
B SR A G T B VKN B R bk b AT T R 5, 45 R e 1]
345 KV K 48 & F B UK N 4 BOE B E R
2.89 kV/cm, [NZSHER N 65 %6, B S0 b4 2% 7 19 T
SR 5 1T D4 5 H 7 VK N 4% L I  Farzaneh 480 F 5%
T UK KT 2 B VKR R R L koK H S R AR
SRR A 7 VKT 32 R A 52 0 25 SR 5% W Ok R
X S A 248 2% - S5 RS A2 H 1) s W) B B g8 5 SCRik[ 14 ]
SR FWILE T UK T AN [RS8 405 1 % S 4 4 2%+
ELUI DN 26 HL s e AN B 5 SCRRL 15 T e i 52 0 b 1
P SR e 46 % I T UK L DN 45 L 4 T —
22 L IR 27 A5 TR0 ok T 000 & 2% 5 3 UK DA 45 HL R 5 SCHR
(1,2, 16 10 53 B 1k 48 2 7 VK N 1 D 325 00 45 it s SC ik
L1700 17 48 1 it b B 7Y B 45 TR 3R 6 T Bh X 48 2%
T VK KA vk N HFE B 52 0 L 5 5 PRTV R BAT B
VKRR

H TR 11 A I B 7 B A R % 7 B
AN KA 2 % 1 22 6] 9 [ BE /)N o 75 A ) B UK 5 1
A A [0 O 25 ) W B 3 SSCHC VK O Rl 2R T
{HE AT BT 482 F UK IN R R R A o H 20, B
DK DN 2 AT B A A S AR TE B UK A% F TR AR HL S 1
BLRTFEBATEH TR 110 kV i JE HIRBEEH
K DN 48 R 1 36 T 9 I 7 b 2 ity b 4 B A N 19 Bl vk
DR it LA o ) 0 S e SO R B R A 1

1 AERE . AmAIRRERF

1.1 ReEE

110 KV H Hs Bk 8 22 B ol ik 36 1 i T PR 2 4%
PEX RS R E NP P e S I PNILE I
ANITABEEHEHER 7.8 m & 11. 6 mi#tfr, AL

SRR EAE —45~+50 CaJ i, S HELE 35~101. 3
kPa A Wk S XU I 5 R GE i 14 A4~ TEC brifE
FEMIIESL AT 10 A~ JRUGHE AT I8 1) XU 2H B 55 1% 0RE L
2 10~120pm AT, XG# 1~12 m/s AT,

AR HL IE R 500 kKV/2 000 kKVA T 453k 56 48
JEd AR E N 0~10.5 kV, & th 2l 0~
500 KV, e KA HE LN 75 ALk i R OE i A8 52
INF 306 RGBT/ T 6%,

1.2 &

I AT A b 8 7 110 KV i LR AR
HAEEE S 1260 mm, KA REAR Ky 370 mm, N4k
#4325 mm, JEHLEEES N 2 864 mm, KAxHh 13 4>, /)
Ay 12 A AR 50 mm,

1.3 AIBKAKEERF

D58 B 217 110 kV B R BREE 5
KT C S AFAE— 158 D ik 36 o 72 v iy 56 [
PRIRJZEEXT 110 kV MR B SRS BB T 05 . R
15 R R AR 33 T R 1 %% (SDD) | JK % (NSDD) LA
Faak i R AR T kAT A NaCl FieE 5
. ARG PR T I NaCl FIRESE 11 &, 72K
AT, NaCl R IR ZE AR T & £1%,
REB MR EIRZE R KT RN E10%., HFik
BB R R 110k V L B BB S R BB RIE
BRI5) R ok S 110 kY B0 e T B 2
B4 T AR RN T S NaCl e s - ) & &L 647
BRI TG R o TR Gk R e S PR B NaCl i
RESE R HOAVE U T A B o b 3E L B K
(720<<10 S/ em) , I AT 78 340 H1 BUBTR - 88 J5 FH /DS
HERDRE 15 78 1y 43 1 50 s vk ) 1320 208 b . FE
TR AR S AR R R 34 A O R DR AIEAS 1R TS )
PiYE RRISE TS B 110 kV B R BSR4 T 50
FHRAEH ARAT 24 h KBS T N TE KGR .

2) BV A RN A0 25 1Y I 32 2 T A K
TLEE . X 110 KV i LRSS B 5 36 AT B 0K BT R L 1Y)
Ve K 3 80 pS/em, HR B HITE 4 CA2
A Bl 55 B UK Ay sl G IeE I e L ) 3 v 20K o
JildE 110 KV A R HERA% 8 S SR T TS R S Tt A
NNTESCAE 48 %%+ 1 L8 2 1 43 B it 1 3 10 /K
FEE s o FLTE o — 2 AR VK )2 I A 15 B9 A 23 4 o
FiJE FAEAT B ShmE o vk, FH Ok S 25 0E B vk Ak 1
IS 2R G R B A 3. 8 o s A 25k K /Ny 80~
120 pum, M55 55 3 5 24 24 80 mm/ b, 8755 XU HLAE 4~



% 5 a3 NUP/IQKS.COQU.6EWCA, % . 110k V & & Z & 32 4 £ 2 vk 45 M & B vk 10 # 56 71

Sm/s, BUKA AP A ENREERE -7~
—10 C. g ERmAE K LR G W R £ B K% BETE
0.6~0.8 g/cm’,

3D BLUKFR BE A FRAE 130 WF 5T A LA 0K )RR B2 (D
ALV BT B (WO PR RRAE it o 2 DK B8 SR ][] A 7
KRS e W 0 e 2 1 0 A 0 A 1% 2 D L 4
&k @20 mm, i B EFE B Ry 1 r/min, i 4 K
600 mm, WA 1 s,

1 BNEKEERERESE

S B XF 110 KV e 6 2 2% 1 1 2 VK
S EAT I I v e e 110 kY LR T
JERES AT W TR0 Z5 b R BB AR A K 110
KV TR e N T = VK, R 110 kViR
JE HLRAS B Kk BN BR8P A R A
HROBR A B 5 P 3K I e A 4 R 2 o T UK R £
110 KV HL i L Jss R A0 i Joi i, B0 AT 45 8] 110 kViR
JE A G B vk KRR B AR B B (S
15 1R VKT A T

A (VO T ARG 77 - R B AIG IR 45 H R i
o U B Hh &k,

D4 110 kV Hi s B % 5 3 0Kk 1) Tl 225K
I, 455 1R B8 %5 4k 208 R 29 15 min, SR G T HF AN LK
i B 1 2 3511 o O B 25 S Bk FH Ay 20 A vk )28
0.1~0.2 C/min A3 5 85 a4k, IR UE e IR IN 2%
FL PR Y B A SRS TR 7 —2~2 C 2],

QME K2 IR AL R IS TR X110 kV
HL T FLJB A S R T b 617 3 43 TN 46305 AR 4B 2 IR
N IR 2 (R 2 3 min, 24 110 kV i JE B S&EE
BRIV TE SR A R 2L

B LA BB BRAS B M B UK 110 kV i R BUREHE
BTN U, 548 KBNS 7K B ] 7Y
KAL UL U TE il 28 0 55 A% 0 0 Ay 5 AR TR 2%
HLE U i » AT 2278

U/min = Min(Uﬂ 7U/’2 sU/s [ 7U/i [ aU/,,)o (L
2 1I0KkVEEERIFZEENIZRKA

51

XA TR R %% R R B vk AR E R 110 kV AL B
PGB PEAT A B UK N 45 A 56 5T L R G A5 R
m#E 1R,

F1 IVKVEEEERREEIRKALBRLER LV

d/mm 10 15 20 25

W/ke 2.67 4.02 5.98 7.21

0.08 160.2 135.2 116.6 108.4
SDD/(mg+ cm *) 0.15 141.1 117.1 96.5 90.2

0.25 118.4 106.4 88.7 81.4

KIALAESR:

D110 kV g s B & % B vk N i s 5 8 K i
i (B A O, HLBE & I vk it it CEl S B iy 385
WA T K S T N 4% L 0N

KRG 25 R F A1 A 2 T UK N 4% HL TR
U foin 5 VKE W (EOKIE DWW T I KR

Uppin = A e e, (2)
%,
Upn = Bed (3)
KU i M VKIN G KV WO B VK A kg
d HEIKIEE ,mm;A B.b.c WS54H% TR 5K
T RE S5 I EL
X2 1A 45 SR 4 50 () 8 (O BT LA
WA M LkmE 2.3 fros G AB.b.c HINE
2 i,

*F2 HEREMA.BOL.cE
SDD IPSE 34
/(mgecm ?) A b R? B . R

0.08 195.9 0.085 0.977 1 437.1 0.44 0.9959
0.15 179.0 0.099 0.976 6 454.9 0.51 0.9881
0.25 148.4 0.084 0.997 7 320.5 0.42 0.969 1

32 Al 50, % F 110 kV R Bk gs, 1
UK B A 5 MR R AR 5 2 0 (B [ 0. 085~0. 10,
T VKRS BE 52 W REAE H8 50 ¢ fHYE RIS 0. 40~0. 55, L
) 5 4 F R R R4 47 KL |0 110 kV LR B
SRR S L VK DN L P A7 78 UK ) i R T K



72 http://gks.cqu.edu.cn T 5 Kk ¥ ¥R %31 &
180 180
¢d=10mm od=15mm
160+ A * SDD:O.OSmg/cm2 160
0 SDD=0.15mg/cm? Ad=20mm xd=25mm
A SDD=0.25mg/cm? 140
140f
o >
= <120}
:E 120- =0
100 |
A
. .\\'
80 |
80
60 1 . L L
60 , 0.04  0.09 014 019 024 0.29
2 3 4 5 6 7 8 SDD/(mg-cm?)

B2 10kVEEERFZEEKANREUmSKEWHXA

180
¢ SDD=0.08mg/cm?
160 [ 0 SDD=0.15mg/cm?
A SDD=0.25mg/cm?
140 [
>
< 120
£ - A
:‘E
A
100 - S5
80
60 1 1 1 1
5 10 15 20 25 30

d/mm

B3 110 kVEEERFZEEKNBEUm SKE dHXER

DEFIKNE RS E KA i5 5 B A, HIE
FHERH RGN, 110 kV i R BRGS B EH KA N
45 W HORE D)

KA IR G5 R W22 48 2 7 J UK N 4% WL R
U i G E VKIS B FEE SDD W 2 F UK R

U = C+ SDD ", )
KU i WL VKNS B R, kV 3 SDD Ry [ 36 % 1%
mg/cm”;C.on 5 48 % 7 B VKRR B SR A
T

X 1 RIS g5 R (DO AT LA LA il 2k
mE 4 prs G Con fHIN3E 3 iR .

®3 WERBAMCE

d/mm C n R?
10 83.4 0. 26 0.984 8
15 79.1 0.21 0.996 9
20 62.5 0.24 0.975 1

25 56.8 0. 25 0.989 5

4 110 kV BEERERFREEKNEE Ui 57k B SDD HJX 7

B 25 3 T4, % F 110 kV B JE Bk s s £, |
15 S WA RFAEHE B0 n {E T B 0. 21~0. 26, b [A] 45
AR R4 % /N LR 110 KV O R B
BB AT VK N L P A7 78 VK i IS B 1 S e R B /N
FESUIN 8 80 JE E i (KV/m) 2 45 HLJE U
(kV) 54586 & B H (m) Z Lt B
TEBT B 17 v, 78 W o AV AR 3R 3 /N 1 I 4%
MR, FLAR S 5000 [N 45 B B2 n] LA A5 8] 52 BE 5 o8
99. 87 Yo BN AL F S 0. 13 %0 By H S B B .l STk
L2 0] e I I 2% B3 K. E o LU TH B 45 B0 19 Eso
— A RUEIR 22 0% (5. 0% ~7.0%) . PRIt AR 4 7 T
TR 45 J 0] 1, 99. 87 Vo Tiif 37 A R (14 [N 45 6 i A
E s = U—3%E; = (1—36%) (1 —6%)E /s
(6)
EHENE oM T Y0, IR AR H BT T A7 A
HJ65 kV/m, i LL 65 kV/m HZ %, it 65 kV/
m R A SEIE AT AT 65 kV/m WA B A N4, T
21 R e g R & 6) . /T 110 kV B R H
ARG ETE R VK 5 B BL R 19 99. 87 Y0 37 6 J
g 4 From.

(5

T4 NOKVEEERRFEEBKTH .7/ MEHE kV/m

d/mm 10 15 20 25
W/kg 2.67 4.02 5.98 7.21
0.08 93.4 78.8 68.0 63.2

SDD
) 0.15 82.3 68.3 56.3 52.6
/(mg ¢ cm %) _
0.25 69.0 62.0 51.7 47.5
MF 4 AT

1) B UK A 1 i 5288 JE2 Il 2 0K 7 B AR 11 3



% 5 a3 NUP/IQKS.COQU.6EWCA, % . 110k V & & Z & 32 4 £ 2 vk 45 M & B vk 10 # 56 73

I 208 T . 40 SDD g 0. 08 mg/cm? . B 7K
10 mm¥g Jin#| 25 mm, i 52 86 BE T [ T 29 32. 3%
M SDD % 0. 08 mg/cm? H d 2 10 mm 3 i 3|
SDD 4 0.25 mg/cm® H d 2 25 mm B}, 482 T 1
Tirf 22 76 B FRAIR T 2 49. 2%,

) e B 52 B FLTi A2 B0 4 AR 4 &%
TR SEBATERE 65 kV/m. R AE B vk . {5 B
R B EEEBTTHA TR R AN .

3 110 kV EEFHKIANEE

— B L B 11 48 2 7 VKON B B AR AR Ty vk R T
BT Z W0 46 i 3k T 5 VK X, X AN B gk A 1 420
B VK XL R Y R BUAT R it R B 1k 48 2 1 UK
N AR 455 F I B kB AR AR 2 T T 22 (05T
HARAG T L5 4% T KNI 7 i

DM 7 K 5 F X% 7 R EF 1
TN 48 25 7 1) 45 40 13 BB R AT A0 b B 1k VK A

M4 2% 5 1 A Oy 2 38 R R O R R
FEL L% T B IEAT VR A UL B B IR 4 T R B
UKW 2 o 32— AR B A 80 T

3) FE 4 2% F 4% T 1k 78 1% K PR TR OBE (i PRTV),
DAAE 28 4 2% T B UK WA AR SRR L7, 19 JRF 90 25 21
FEW L o 5 T % T U B K PR U R A B UK ™
PRTV U RIS HL A5 B kst S o 51 58 458 50 15 K vk A

4) R R/ AR A AR 7 20 DA SO 5 1 TEHE .

SR TS BB % % TR AT BER FH V
LA T A 3 DRI R0 5 4 i R 1 e AR
TR T 3k R A 2% [ UK i T
3.1 EmMENSE

M 110 KV AL R B S 1 45 48 15 B L AT LA
PR VKON P . AE R [ VK S TS B b X I R
A SEB AT I 450 B R TR . FE IR R 4, 3T Egegro MK
TR SEIE AT B Y E 4y TR 2O 25 4 B AT
EIE .,

99.87% s (D)
H,E g1, = 65 kV/m
A Hy e ME VKIS R 1L IX T B A KA K IN B e/
SER S BE s H s il 0 254 5 B2 m,
XFTEEEUILR 110 kV B E BRGREE A
0 2 R NS5 i BB TE A T A3 7R 10 5 F N Y
TR B UKL RE R L B B K AR UK TN I i 8 die /N 285
H R EEANER 5 Fs .

% HEyu. < 65kV/m
Hyyp =

RS 1MOKVHEEERBEEBKT
AEERNERENRNENTE m

d/mm 10 15 20 25

0.08 1.26 1.26 1.26 1.30
SDD/(mg + cm *) 0.15 1.26 1.26 1.46 1.56

0.25 1.26 1.33 1.59 1.73

XF T HABTE Y 75 8 KR ok D . R oR AN 4
TR A2 B AN S A KT 14 e /N5 ) 8 B
3.2 fnEEIBTCHE Bk BUR

A EIEAT T 110 kV R 8 A 8 e 1
JCHE 14 77 K i 36 R i 4 TC 4B 22 B AE e B 1 5
455 9 AN RARAE IR S B . LUK 4R e 5%
P A B VKIS D 20 mm) AN 6 K 6.7 PR .

R 6 MAEREN 110 kV EEERBLEEB KR NEHZM
B UKJE B/ mm

Z ¥ ALY

H BESW — 0 0 o
e gl 2.67 4.02 5.98 7.21
LUK kg

e 3.12 4.61 6.58 8.02
U fmin /kV A 5 141.1 117.1 96.5 90.2
SDD=0.15 mg/cm’ JNEHE 194.8 166.2 135.2 124.5

(a) WA

(b) IR e

B 5 110 kVEEEZEBBKRYR



74 http://gks.cqu.edu.cn Tk K ¥ ¥R % 34 &
KT REFREBCHEEWN99.UMZHEREE kV/m
P VKR /mm
Py Ve A L i !
BH RELH 10 15 20 25
-5 82.3 68.3 56.3 52.6
U fin / KV L
e 113.6 96.9 78.8 72.6
—n A Loel
—o— MR
R |E-3:]
o~ 100f A EATREE
0 .
10 14 18 22 26 < sof
d/mm ;
<3
o6 BREEX 110KV BEERBEEBKENTME sor \’\.
40
200 5 10 15 20 25 30
180 ——E A d/mm
—= R R
el B8 W 110 kV R EE RS EE LM 99. 87 %M FHE
e
\.5140'
=) 7 FE 8 4,110 kV H JE B RS A= 15
2or A T B @R 5 L 2L 99, 87 %% T 22 vt FE B JiF S g i
100 P, ol A 7R 7 vk B 20 mm B L 99. 87 %4 ifit
%0 . . . . WL R BR AR T Rl 5832 47 H BB B (65 KV /m) 1 Al
5 10 15 20 25 30 A6 K A TR 45 55 100, 24 Jin 2% 3 e 4R 5 . 99. 87 Yo it A2
— FERAEE B E T 38% ~41. 9% 7E iR I i 78 vk K 15 B
3 EERSTeN NPANE/S VAR~
B 7 EIRAER 110 kY b E 58 2 ok e E B I H Bt R P 9 A 2 e TN 2 B

R 6 S & 5-7 AT

D mAE g e 5 110kV ik 7RG &S 1 A
VK B R B0 L 2 B T AR i R AR K 2 K
T ARG O . BAR R A 0 2 1 TC AR Ji5 2 vk it 3 s {HL
FCMFIEARE  An &l 5 PR, 3 38 7 A ] © 58 4 B PR
T2 o 00 ke 3 AR n T A o8 A .

2) NI 6 38 1T LA 2, 58K i 256 36 TC AR 1) & B
BEVKEERG I A5 00 8 4 B R 3 5E A 0 1 K R
JUT— S 4 il Ze i) R A — 0, BP in e 19 e
FE A T 387 K HG T AE DK BG 0 2 el T R e
WA R AR K 18 KT 32 2 vk R D A

3)110 kV H FE B2 5 25 i 4 3 @ AR )5 1 B
VKA 46 W TR A5 31 K B2 1 328 5 76 )R B Oy 10,15,
20,25 mm B PKIN LR 23 B4 R T 38, 120,41, 9%,
40. 1% .38. 0% » 3 5 iy F 38 IC AR 1 Jn 4, (o 45 oKk Az
N Y B LE SR ik ot £

PIRh B L IE Y 99. 87 Y0 T 52 Hy, JE A6 B 4
7T RE 8 IR,

ZE B THR i B e AR B AR A 110 KV HE R %
BB R VKR G (R 3G TCHE e A S kb 7 1k B
VK4 2% F < 4 6] 00 B 42, DT AT LK I BE b 4R
10 KV EHEASEENEH KNG E. Fitm
B 1 TE A J2 B 11 78 VK DN 45 A A 38500 .

48

DBEE B KR W R B KRB d 5938,
110 kVHL R B a8 B 28T 0K N HLE U pn 5 3850/
H{ﬁ]‘&[’j?%% :Ufmin:A ° eibwﬂl Ufmin:B ed c,
XPF 110 kV ML R BSR4 &£ 0 [E 2 0. 085~
0.10, ¢ {HYEEH 0. 40~0. 55, b i) 45 414 F iy =X
Y 2% F KL B 110 KV H He BB 8 58 I vk ) L e
B RN AR E R N

2)Y4Eh 2K 0. 08 mg/cm?®, B IKJEE N 25 mm
UL EECER % H 0. 15 mg/cm®, B UK EJF 420 mm
K UL iR % 0. 25 mg/em® , B UKJEE S 15 mm
KUL b2 79 110 kV LR BRI EE T RE S
KAENZ,

3) YA UK T5 By 7 B, AT DAY 0 25 4 = B LA
ik 110 kV B BIRESE Eis T KA NG s & 38
TR R A B IGEHE . v LA & 110 KV LR BRER &
EAZHKIN LR 40 %0,



% 5 http://gks.cqu.eduCh, % . 110kV & & 7 &

R AL N ¥ SR 75

1R 5 0. s 2 B A vk S EMOL de st rh [ i
J1 iR . 2001,

(2] MR . L F.INAH BORETEW 5 E k4
M. dbnt . o = A g i WAL 2009.

[ 3] VOLAT C, MEGHNEFI F, FARZANEH M, et al.
Monitoring leakage current of iced-covered station post
insulators using artificial neural networks[J]. IEEE
Transactions on Dielectrics and Electrical Insulation,
2010,17(2) :443-450.

[ 4 ] MEGHNEFI F,VOLAT C,FARZANEH M. Temporal
and frequency analysis of the leakage current of a
station post insulator during ice accretion[]]. IEEE
Transactions on Dielectrics and Electrical Insulation,
2007,14(4):1381-1389.

[ 5] FARZANEH M, BAKER T, BERNSTORF A, et al.
Insulator icing test methods and procedures a position
paper prepared by the IEEE task force on insulator
icing test methods [J]. IEEE Transaction on power
Delivery,2003,18(4) :1503-1515.

[ 6] SKLENICKA V, VOKSLEK J. Insulators in icing
conditions: selection and measures for reliability
increasing [ C ]/ Proceedings of the 7th International
Workshop on Atmospheric Icing of Structures, June 3-
6, 1996, Chicoutimi, Canada. [ S. 1. ]: Institute of
Electrical and Electronic Engineers,1996.72-76.

[ 7 ] KANNUS K, LAHT K. Laboratory investigations of the
electrical performance of ice-covered insulators and a metal
oxide surge arrester[ J |. IEEE Transactions on Dielectrics
and Electrical Insulation,2007,14(6) :1357-1372.

[8] KIMURA S, SATO T, YAMAGISHI Y et al
Evaluation of ice detecting sensors by icing wind tunnel
test[ CJ/International Workshop on Atmospheric Icing
on Structures, September 8-11, 2009, Andermatt,
Switzerland. [S. 1. ]:swiss energy,2009;1-9.

[9] HANAOKA R, TAKATA S, NAKAGAMI Y.
Electrical treeing in hexagonal ice crystals under applied
impulse voltage[ J]. IEEE Transactions on Dielectrics
and Electrical Insulation,2004,11(6): 935-945.

[10] NYGAARD B E. Evaluation of icing simulations for all
the “COST727 icing test stations” in Europe [C]/
International Workshop on Atmospheric Icing on
Structures, September 8-11, 2009, Andermatt,
Switzerland. [S. 1. ]:swiss energy,2009:1-5.

[11] WIECK H, GUTMAN I,OHNSTAD T. Investigation
of flashover performance of snow-covered breakers[ J].
IEEE Transactions on Dielectrics and Electrical
Insulation,2007,14(6) :1339-1345.

[12] THOMPSON G.NYGAARD B E, MAKKONEN L.
Using the weather research and forecasting ( WRF)
model to predict ground/structural icing [ C ]/
International Workshop on Atmospheric Icing on

September  8-11, 2009,
Switzerland. [S. 1. ]:swiss energy,2009:1-8.

[13] CHARNESJI M D, GAIBROIS G L, WHITNEY B F.

Structures, Andermatt,

Flashover test of artificially iced insulators[J]. IEEE
Transactions on Power Apparatus and Systems, 1982,
101(8):2429-2433.

C14] B0 9526 R kAR, 55 ARAUE R =i B vk S ke 4

ZFEING RS L], B i AL TR 2% 42, 2005,
25(15) :12-15.
YUAN JI-HE, JIANG XING-LIANG, ZHANG ZHI-JING,
et al. Study on DC flashover performance of three types of
iced post insulators at low atmospheric pressure [ J .
Proceedings of the CSEE,2005,25(15) :12-15.

[15] ZHANG ], FARZANEH M. Modeling of flashover on
ice-covered insulators with multi air gaps[ C]/2005/
2006 IEEE PES Transmission and Distribution
Conference and Exhibition, May 21-24, 2006, Dallas,
TX. [ S. 1. J: Institute of Electrical and Electronic
Engineers, [ 2006-08-21]:109-114.

L16] 2 ¥, F I8 Jo. 2k B8 8 VK 26 2 5 5 b7 0K DR 48 7 B 43

Mrid]. @ AR L 2003,29(11)  57-58.
YI HUI, WANG QUAN-LONG. Measures of
preventing ice flashover for transmission line insulator
string and analysis of mechanism [ J]. High Voltage
Engineering,2003,29(11) :57-58.

(177 %24 R, bl d A, 45 Fp A PR b SO BL B 35 N 2 & IR

b ¢ 2 3 vk S A VK I L R R sz e L) ). R
2008,32(1) :71-75.
JIANG XING-LIANG, DU YUAN, LIN FENG, et al.
Effect of PRTV on insulator string”’s icing and its AC
icing flashover voltage[ J]. Power System Technology,
2008,32(1) :71-75.

[18] FARZANEH M, BAKER T, BERNSTORF A, et al.
Insulator icing test methods and procedures:a position
paper prepared by the IEEE task force on insulator
icing test methods [ J]. IEEE Transactions on Power
Delivery,2002,18(4):1503-1515.

(197 ok B¢ R AR, 25, 110kV SEHEZ 2 F 38 i (VO
AL AHFEL ] e L R, 2009, 35(10) £ 2528-2534.
ZHANG ZHI-JIN, JIANG XING -LIANG, HU JIAN-
LIN, et al. AC electric characteristics of 110kV post
insulators covered with ice or snow[]]. High Voltage
Engineering,2009,35(10) :2528-2534.

[20] BRA&ES)HEX R RN, 5 BHIKBREXNES4% 7 H

T UK N 2R RS2 IR LT ] e L R R 22009, 35(10)
2545-2550.
ZHANG ZHI-JIN, JIANG XING -LIANG, HU JIAN-
LIN, et al. Influence of icing degree on dc icing
flashover performance of composite[ J]. High Voltage
Engineering,2009,35(10) ;:2545-2550.

[21] #4R, I, kB3, 45 XZP-210 4% ok N4 5 S K
i BT MR U] B 2441],2007,30(7) :37-41.
JIANG XING-LIANG, WANG BO., ZHANG ZHI-
JING, et al. Influence of units and assemble on dc
flashover voltage of iced insulator strings at high
altitude districts[ J]. Journal of Chongqing University,
2007,30(7) :37-41.

(%% E k8



