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Overhead Transmission Line Icing Flashover Trip Characteristic Analysis and Risk Model
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ABSTRACT: Icing flashover trip is the key factor in
stimulating vulnerability of power grids and leading to
large-scale blackout. Ice flashover trip characteristic analysis
and risk modeling were carried out based on grid level in the
study. According to icing flashover characteristic analysis, the
critical values of ice bridged and off-bridged of insulation
system were identified. Furthermore, state division principle
and risk rating method were proposed. State recognition was
conducted by fuzzy theory. Considering the small sample and
multi-input  characteristics of the data, structural risk
minimization principle was adopted, and a least squares
support vector machines (LSSVM) risk model was built. Model
parameters were optimized by Bayesian evidence reasoning.
The comparative study of the proposed model with artificial
neural network with error back propagation (BP-ANN) was
proved that Bayesian-LSSVM had strong generalization ability.
Finally, a set of vulnerability indices was used to analyze ice

flashover trip vulnerability characteristics of the power grid.

KEY WORDS: extreme ice disaster weather; icing flashover
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Fig.1 Time series of icing flashover trip and
meteorological factors
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diagram of icing flashover of transmission line
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Tab.1 Characteristic analysis of icing flashover trip

F K %% K
KIEmm  HERE NG
ey, VABHELAOH  12~22 GIREI] > HATR
K REI AR 25 JHERE AUk
LTH2LHZE 125 H  35~50  5e@bik %, PR
Mk 1 H25H&E1H29H  50~15 LTS U T RS

B O1H29HE1THOM4H  15~0 Witk f5 TR

2 LIRS TR AR 2 18 E7E UK IR S SR s ok £
P I I3 Iy Inax) M[18,23,33,38,50], mloKIIR AR
I R ) s Ts L) F9[13,18,50], AR (18) 1]
3 2NRTIT BLRPIRAS S e R A, AT SR s pRi £
CESPEN N

2) VKGR BRPIR S BON 5 S TR . %
FEAE DK IR 22 0 20%, N2 VKBRS — #A SR s e
A R PEINAEL, TIO 75 DK SR iR B £ 380N [a—0.24,
a+0.2a], AN (2)nT 453 3 PG vk S5 e ek 2, AR
23 TSR NG L, SR 2(4) RSO B st gk
AR TN o TR UK B0 IR A U] 5 XU PR &5 3
mk 2 P,

x2 RMRTSIRA

Tab.2 Fuzzy states recognition

FUKH/mm  max N(4,B) JAJEIRE  WRERS HRSEH
18+ N(4,,B)=0.32 1 b HPER 1%
23+ N(42,B)=0.23 2 RIS 24
28— N(44,B)=0.14 4 RIS 4%
40+ N(43,B)=0.59 3 % BT 34
45— N(44,B)=0.23 4 S UY T 4 %%
10— N(45,B)=0.13 5 iR 2%

VE: TR, “+” BRI “— RoRmK ORI
R 2 T IR OLUK INRAAE 5 ARG A4, 2L
28— R UK A1 B AR B T A O Rk
B, AR 1] 2 8 DR R R SRS K 3 B AU VT

S, J T H 2 i B il IRV S5 PR 2 S R B 4 9,
FEL o IR JS P FE I (DR P RGBS Bk R IR A7 A T
RLUKHH . BRI AT 45 SR S B v I B DK AR A
5.2 EFNITH-LSSVM &8 aE KIN & BkE R
R T3

D3 S AR R UK R TR YRR PROK
LR VKN A Bk S80S B ) A WA I A, 4y
RN B R—ARAE o Hi AR o G G 28 5 B vl K
B nTEEMSE WP T UKICHIE 220 #1500 kV
IR S R L B B UKk ) . S A AN T LM
AEEPESE M, ARG IE T X A s

B S HHIME % 7, =100 « op =0.5, DUH-Jy
TIEHEHERE 00 S P A ) S 40 B e AR ik, S50
ALK 8] 4 [0,5%10%, o?e[0,2]

D OREE B EER S5 @O0 BR3¢
Wi, & 3 WTREHLIHECI H I, 207 TOIRESE B R
5 2 5 SO TRINRS 52 (0 5200 o 58 22 20 A SR FH 46
1% 7 (absolute error, AE).

126 3 AT, B 7 UK A 2k i R 20 A O IR
A BB /N RS SN, AR
Perm TR . WRALBRSERE, UHEA
RS R B 7 A H i, TR 2= d K

£3 REEEIEIIEE N

Tab.3 Influence of state information on model precision

SEfR TREFER AREER
Hi )

Bk 1) T AE TR AE
1HI15H 1 27 26 2 1
1H17H 5 25 20 5 0
1H25H 26 25 1 27 1
1H17H 80 22 58 74 6
2H1H 3 25 22 2 1

2) RN PR B0 I 55 7 UK PR 2 5k el Tt o
DU -LSSVM 48248 5545 72 I m) AL 3% N TR M
4% (artificial
propagation, BP-ANN)# R JEAT X} L 43 #7 » BP-ANN
BRI 3 2 MM, Wam R ECh S FIZE Y,
PR CUE W S5 1) BP fh2e I 2% AT DLIE AT 7 BE
PR RIBAH A 2n—1(n Fyin NZE S H)IE PR
TR RS KA ITTECN 5. 9. 1, BUERE
i 22 22 BCR B ALACAL o SB0TE BRER 20 0l >R FH 26
PE. TANSIG XU E VIR 1t e K, INZRT735 R B
FE BT

neural network with error back
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mE Al s, Bk 1 VI Hi-LSSVM #8714 Xt
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BP-ANN KL ERM dAi, ST/ MEAZHE T
MR ZERE K 54, BP-ANN KRG N %,
BUE AL 55 BN B e s i DU J-LSSVM A5 7Y
A TSR My S E 29 A — O Bk g, LA R
Ak, AR .

28 1 75 UK DN 4 Bk el YR 1) Sl LA AN R IR
W TNE S SZhrE I 6 s, & Al 5% A2
a3 )k £ 8 7 UK N 4% B T 40 5 A B A AN T
PR BT 25 H R A7 2 4. & i BB il 2 BT
MWHRZEN 5.9%, F ST A THAS BT R O
ZEN 3.6%.0 THINR ZE BRI B DR FEAR S /)N
5 BB UL R H O ER A, SR Ref s
S, LR AR EEAH A A KA DM R AT R 1)
T

120

—— Bk
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Fig. 6 Predictive and real values of icing flashover trip

and automatic reclosing failure
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Fig. 8 Power grid vulnerability indices of

icing flashover trip
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FfsR A
* Al DIAHT-LSSVM 5 BP-ANN Fiill 5 R 2t LE

Tab. A1 Comparison results
Bayesian-LSSVM with BP-ANN

il S bR BP-ANN JUH-LSSVM
751 Bk ) TR AE TR AE
1 5 2 9 6
2 1 23 22 21 20
3 1 17 16 2 1
4 0 9 9 0 0
5 5 1 4 5 0
6 5 0 5 2 3
7 3 48 45 8 5
8 18 24 6 30 12
9 35 6 29 20 15
10 26 4 22 33 7
11 28 34 6 42 14
12 44 26 18 32 12
13 26 73 47 27 1
14 39 53 14 33 6
15 80 90 10 74 6
16 89 69 20 101 12
17 109 55 54 62 47
18 25 55 30 47 22
19 20 7 13 24 4

20 19 17 2 25

21 12 33 21 25 13
22 3 7 4 2 1
23 2 4 2 3 1

Mt 593 660 401 628 214

RA2 BHESEFHENRBMNEREEESY

Tab. A2 Failure prediction and model parameters

4 HEEA BSH U -LSSVM
ENEAY y s TRIAE AE

1LA13H 1 59.26 0.63 7 6
1H14H 1 58.39 0.60 14 13
1H15H 1 59.77 0.61 1 0
1716 H 0 59.37 0.60 0 0
1H17H 4 59.62 0.56 3 1
1718 H 3 60.51 0.67 1 2
1H19H 2 59.76 0.56 5 3
1H20H 9 57.05 0.60 17 8
1 H21H 18 57.05 0.66 7 11
1H2H 13 60.05 0.55 15 2
1H23H 15 43.16 0.78 29 14
1 H24H 30 40.91 0.79 16 14
1 H25H 18 57.12 0.76 14
1H26H 22 58.79 0.60 17 5
1 H27H 47 59.77 0.75 54 7
1 728 H 63 54.97 0.58 54 9
1H29H 55 431x10°  0.79 51 4
1 H30H 16 60.09 0.62 20 4
1 H31H 13 59.30 0.60 10 3
2H1H 9 58.75 0.61 15 6
2H2H 12 59.35 0.6 15 3
2H3H 3 1.16x10°  0.58 2 1
2H4H 2 1.09x10°  0.58 3 1
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