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Table 1 Number for lines of IEEE 39-bus system

Hi M || g B || S HREE
1 1-2 17 9-39 33 19-33
2 1-39 18 10-11 34 20-34
3 2-3 19 10-13 35 21-22
4 2-25 20 10-32 36 22-23
5 2-30 21 11-12 37 22-35
6 3-4 22 12-13 38 23-24
7 3-18 23 13-14 39 23-36
8 4-5 24 14-15 40 25-26
9 4-14 25 15-16 41 25-37
10 5-6 26 16-17 42 26-27
11 5-8 27 16-19 43 26-28
12 6-7 28 16-21 44 26-29
13 6-11 29 16-24 45 28-29
14 6-31 30 17-18 46 29-38
15 7-8 31 17-27
16 8-9 32 19-20
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Table 2 Top 10 of structurally vulnerable line(I)

HEF WA ROIRAR SCHR[9 )RR R
1 16-17 16-17
2 2-25 2-3
3 2-3 14-15
4 15-16 15-16
5 3-4 16-19
6 3-18 4-14
7 14-15 4-5
8 17-27 17-27
9 26-27 3-4
10 6-11 3-18
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Table 3 Top 10 of conditionally vulnerable line

Hey o kg CREMESS | HE o gk RESIESS(E
1 21-22 33.157 6 10-13 15.893
2 13-14 22.907 7 6-11 15.179
3 16-19 20.000 8 16-21 14.265
4 6-31 20.000 9 10-11 8.333
5 23-24 18.601 10 26-27 7.304
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Fig.5 Line vulnerabilities of IEEE 39-bus system
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Table 4 Top 10 of vulnerable line(1l)
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Table 5 Top 10 vulnerable lines of 500 kV system

HE 454 M s RS M 55 2R S

L o R Buas bt Vi
1 23-29  1.000 52-53  1.000 38-40  1.000
2 13-14  0.669 38-40 0451 14-15 0.526
3 12-14  0.666 14-15 0271 38-43 0.493
4 26-29 0.620 35-36 0236 52-53 0.392
5 1-2 0.614 38-43 0.228 27-28  0.277
6 3-4 0611 13-14 0.188 23-29  0.241
7 38-40 0.600 23-29 0.176 26-29 0.162
8 12-16 0562 12-21  0.136 10-12  0.133
9 38-43 0560 45-46 0.126 13-14  0.102
10 16-20 0.522 4-8 0.121 2-3 0.078

A £ % 2 0 R KK G BB T G 2k FL AL £ e
B H M T ANZR M 23 -29 12— 14 Fl 38 — 43 5
SER G HIH % 39 T ARG HAE R IEA -1
T U5 g7 A O T DA 2 B 5 A e 55 1 1R A Rk |
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Transmission line vulnerability assessment based on synergetic effect analysis
LIU Limin'?,LIU Junyong',WEI Zhenbo', GONG Hui’

(1. School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China;
2. State Grid Changsha Electric Power Supply Company,Changsha 410015, China)

Abstract: For identifying the weak part of complex network,the characteristics of power system vulnerability
and its quantification method are researched in two aspects:structure and condition. As a structural
vulnerability index,the power-load betweenness is proposed based on the complex network theory and the
characteristics of power system. As a conditional vulnerability index,the transmission line power overload is
proposed based on the concepts of transmission margin,power overload, PTDF (Power Transmission Distribution
Factor) ,etc. The correlation between system structure and condition is analyzed,based on which,an integrated
vulnerability assessment model considering their synergetic effect is proposed. The simulative results of New
England 39-bus system and a 500kV system show that the correlation between structure and condition impacts
the vulnerability of power system. Compared with the traditional methods,the proposed model has better
vulnerability identification ability,verifying its rationality.

Key words: power-load betweenness; PTDF; structural vulnerability; conditional vulnerability; synergetic

effects; electric power systems; transmission lines
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