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450
—— k1
400 —e— Ikt 2 3
—a— Y3
350 | iﬁ?"t
—— g5t
300 {
n/
B L
ﬁ 250
PN L
R 200
150 \
100
50
0 P 1 PP |
0 5 10 15 20 25
M Be/h
(a)YGtRHh 4

04r
0.359

sl B2 %53 B4 RS

(b)GAR T A8 vBI75 S50F aABE ¢

B2 AU ERAREER

Fig.2 Scenario and probability of photovoltaic output reduction
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Fig.3 Algorithm flow of fault impact loss
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partial time periods
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Table 5 Ranking of real vulnerability of systems in

different time periods

352 B B/h G, RV, V.,
1 19 0.947 8 0.8655 0.906 7
2 22 0.886 4 0.8270 0.8567
3 21 0.6822 09105 0.796 4
4 20 0.5845 1.000 0 0.7923
5 13 09168 0.654 3 0.7856
6 17 0.8819 0.688 9 0.785 4
7 18 0.7453 0.740 3 0.742 8
8 14 0.8373 0.602 2 0.719 8
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gxs
HEF BF BE/h G, RV, v,
9 10 1.000 0 0.284 6 0.6423
10 16 0.726 7 05158 0.6212
11 12 0.793 3 0.4357 0.614 5
12 11 0.840 6 03422 0.591 4
13 15 0.608 4 0.426 5 05175
14 2 0.5820 0.307 0 0.444'5
15 1 0.540 4 02721 0.406 3
16 9 0.5759 0.1737 03748
17 8 0.5379 0.1777 03578
18 23 0.047 1 0.590 4 03188
19 3 0.5347 0.0612 0.2979
20 24 0.000 0 0.407 1 0.203 6
21 4 0.294 1 0.000 0 0.1470
22 6 02121 0.050 2 0.1312
23 7 0.1525 0.098 4 0.1255
24 5 0.208 7 0.003 7 0.106 2
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Table 6 Ranking of system vulnerability periods under
different methods

W cpng NSRS ARG
AT e
1 20 20 19
2 19 21 22
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Distribution network lines vulnerability assessment considering
wind—solar—-load timing series fluctuation characteristics

Lu Ling'?, Pu Qiuping', Zhang Yaoyao®, Li Xin'?, Zhang Xin', Xu Hongwei', Lu Yang', Bu Deli'
(1.College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China;
2.Hubei Provincial Engineering Center for Intelligent Energy Technology, China Three Gorges University, Yichang
443002, China; 3.State Grid Quzhou Power Supply Company, Quzhou 324000, China)

Abstract; This paper studies the vulnerability assessment of distribution lines with multi —type
distributed power access. Firstly, in view of the uncertainty of distributed generation, the Latin
hypercube sampling and synchronous back substitution method are used to generate the classic
output scenarios of wind and light. Based on the complex network theory and power flow analysis,
the vulnerability assessment indexes such as improved line betweenness, improved line degree,
line voltage stability and fault loss are proposed from three aspects of power grid structure,
operation state and fault influence. Secondly, a comprehensive evaluation model of game theory—
VIKOR based on the correction weight of time series fluctuation characteristics is proposed to
evaluate the vulnerability of the line. Then, the simulation verification is carried out based on the
example of IEEE33 node system. The results show that the constructed index and evaluation model
can accurately reflect the real —time fragile state of the line and conform to the time series
fluctuation characteristics of source and load. Finally, based on the comprehensive vulnerability of
lines in each period, combined with the distribution characteristics of line vulnerability in each
period, the real vulnerability of the whole system line in different periods is further analyzed,
which provides a theoretical basis for risk aversion of distribution network with distributed
generation.

Keywords: distributed generation; vulnerability assessment; time series fluctuation characteristics;

game theory
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