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Comprehensive vulnerability assessment and structure optimization analysis of power grid
lines considering complex environmental characteristics
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Abstract: The weak links in modern power grids will cause the expansion and development of accidents. The
vulnerability assessment of the power grid and its components is of great significance for preventing large-scale power
outages. This paper focuses on the vulnerability assessment of power grid lines, and establishes a comprehensive
assessment system of line vulnerability that considers structural vulnerability, state vulnerability and environmental
vulnerability. The environmental vulnerability part selects representative lightning strikes, icing, strong winds, pollution,
wildfires and external damage as indicators of vulnerability. Then, based on the IEEE 39-bus system calculation, the result
of the line vulnerability assessment is obtained, and compared with the calculation result of the existing method, the
rationality of the constructed assessment method is verified. Finally, based on the evaluation results of the vulnerability of
the line, the uniformity of the network structure is further analyzed. The results show that when a single index is used to
analyze the vulnerability of the line, some vulnerable units will be omitted. The comprehensive index constructed by
considering the structural characteristics, state characteristics and environmental characteristics can better evaluate the
vulnerability of the line. The expansion and evolution of the network has the characteristic of "preferred connection", and
high betweenness lines and nodes will inevitably form. By adopting "anti-optimal connection”, for example, reducing the
maximum value of the node degree can promote a more uniform network structure.
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Table 1 Statistics of line external force damage
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Fig. 1 Schematic diagram of the IEEE39-bus system
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Fig. 2 Calculation result of the electrical betweeness of the line

M FR AT H 22 Bk B Y S A B R,
DR B SN B R EROR, 2% 15-16 1 16-17
SN EIRR, HEWNEIEE SR, 2R NIXH
SRR AT OB EIE |, N L EH, Wi
X SR LR BN G — o3, Wik 15-16 i
16-17 AN HURAK. BT 8 2 F1 16 b T H4k
Wi 2 HEAE, FTULS 2 MERZRE S5
— AR, Heangiig 16-19 A1 16-21.

2) IRE 591 b &b

R HCIRAS eSS MR AR T B85 SR 3 fios.
W AT 2R % AN [l HE AR g AR ZE IO, (HAR DA
LRI = AN FRPRFEIRTAR K, DAZREE 10-13 SAfil, £k
% 10-13 &FHZE HLYE T A 32 [A) BAY A 16 FI7 A5 26
B B A B X D R AT, W% 2R %
2 SEHRI TR ML 10-11 R, @itk
10-11 [A) 75 55 5. 6. 7. 8 XIeiALH, FH LAY A 16



TR

25 R R PR (1 L R BRI S VR 25 5 VP A 5 R A 0 B - 109 -

AN 26 Sy G iR B g SR X A Th R, S1E IR
MBS, ATRIZREE 10-13 H T Hats -h T2k F
REONP R LB AR K. ZkB% 10-11 /22K BA
JRAD, A HDEACT REEBN, B DA T2
10-13 JEg9 UK. A LR AWAE R IGHREE RAKH
P H 28 K% PRI 2R R 1 H R A R BRI T
2l F KPS 5 R YRR B T R R, TR
FELYIGE Eh 24 K% P IT 2  F1 EL ZKF fhi 125 255 fL T R /K
FHEBOR, FBOX LA S W AR,

| PEFEE A  RETRA weled [
2.5

fabr g F

Bl 3 ZERAVRTSHRIEIEITREER
Fig. 3 Result of the state vulnerability of the line
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Table 2 Standard value, target value and actual operation statistics

of lightning trip rate of transmission lines in China
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Fig. 4 Lightning strike trip rate results of the line
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Table 3 Detailed calculation results of the top 15
line vulnerability indicators
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Table 5 Specific values of electrical dielectric and related
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