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Vulnerability analysis of electric power network under a directed-weighted topological model based on the
P-Q networks decomposition

WEI Zhen-bo, LIU Jun-yong, LI Jun, HAN Wei-heng, PAN Rui
(School of Electrical Engineering and Information, Sichuan University, Chengdu 610065, China)

Abstract: As to the vulnerability analysis of electric power network under the topological model, a directed-weighted topological
model based on P-Q networks decomposition is proposed in this paper. Based on a physical and operational characteristic analysis of
electric power network, active and reactive network decomposition model is conducted, and the computations of direction and weight
of lines under two network topological models are given. Then based on complex networks theory the vulnerability of electric power
network is analyzed. Results of a numerical example show that there is a distinct difference of vulnerability value in different
topological units, and active and reactive networks decomposition model is more suitable for the feature of power network
topological model. Comparing with other vulnerability evaluation models, the proposed model is more precise and effective.
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Fig.1 The simple topological example graph
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Tab.1 Betweennesses of nodes

_ ¥ "y 4
HOMA TR HIOMR T
1 25 7 8 0 24
2 27 45 9 10 26
3 2 21 10 2 8
4 14 69 11 4 22
5 31 87 12 4 16
6 20 84 13 4 22
7 5 23 14 2 8
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Tab.2 The voltage values, SNB values and the vulnerability
values of nodes  (per-unit value)

T 5 Vi) SNB Mo | Tisl V) SNB M)
1 1.060 0 / / 8 1.0900 0.7974 9.06

2 1.0450 09098 18.24 9 1.0563 0.7085 8.65

3 1.0100 0.7710 9.37 10 1.0513 0.6977 4.76

4 1.0186  0.748 4 15.98 11 1.0571 0.7107 7.97

5 1.020 3 0.748 6 17.89 12 1.0552 0.7054 6.76

6 1.0700  0.7391 15.93 13 1.0504 0.6946 7.86

7 1.0620  0.744 4 8.51 14 1.0358 0.6602 4.62
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Tab.3 Indices comparison taxis to IEEE14 bus power system
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