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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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Bi-level network reconfiguration optimization based on node importance

evaluation matrix

FU Zihao',SUN Lei',LIN Zhenzhi', WEN Fushuan'?,ZHU Bingquan®,XU Lizhong’
(1. College of Electrical Engineering,Zhejiang University ,Hangzhou 310027, China;2. Department of
Electrical and Electronic Engineering, Universiti Teknologi Brunei, Bandar Seri Begawan BE1410,Brunei;
3. State Grid Zhejiang Electric Power Company, Hangzhou 310007, China)
Abstract: Aiming at the deficiency of traditional methods in evaluating the node importance of weighted
network ,a method comprehensively considering the node location and adjacent node contribution is proposed
based on the node importance evaluation matrix,according to which,an improved bi-level network recon-
figuration optimization model is developed. Its upper-level optimization model takes the maximum generation
output of system to be restored as its objective and the time of non black-start generator obtaining the
startup power as the optimization variable to determine the startup sequence of black-start generators,while
its lower-level optimization model takes the maximum average node importance of restora-tion path as its
objective to determine the restoration path of generator node. An adjusting coefficient is employed to change
the proportions of line capacitance and operation time in the line weight for avoiding the restoration time of
restoration path is too long to quickly restart the generator to be recovered. Simu-lative results of the New
England 10-unit 39-bus power system demonstrate the basic features of the developed model and method.
Key words: network reconfiguration; node importance; evaluation matrix; bi-level optimization; outages;

restoration
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