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[ Abstract |

necessary to quantitatively assess the vulnerability of the power grid before and after grid-connection. Therefore, a composite new

In order to ensure the safe and stable operation of the power system after large-scale grid-connection of new energy, it is

energy power grid vulnerability analysis method based on complex networks and electrical characteristics was proposed, and the IEEE-
39 node was simulated. Firstly, a vulnerability assessment system was constructed by selecting degree centrality, proximity centrality,
eigenvector centrality, electric power flow interval, voltage stability and power balance, and then solving each secondary index
according to the formula. Secondly, entropy weight method was used to calculate the index weight, TOPSIS method was used to rank
the vulnerability of nodes before and after grid connection, and comparative analysis was made. Finally, the obstacle factor model was
used to analyze the influence degree of each index on the vulnerability of power grid. The research results indicate that the number and
location of new energy sources connected to the grid affect the vulnerability of the power grid. Among the influencing factors of grid
vulnerability, the order of influence is voltage stability indicator > closeness centrality indicator > active power balance indicator.
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Fig. 1 Vulnerability evaluation system of power grid
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Fig. 5 Vulnerability ranking chart of nodes for each scheme
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Table 5 Vulnerability ranking of nodes for each scheme

s UES UEY TE3 UEL! TES UEX

WS M RS WS WS SR WAS ERE WA ESRE WRAS WS
1 16 0.738 6 0.658 6 0.673 6 0.616 6 0. 630 6 0. 698
2 2 0.614 16 0. 606 16 0. 601 16 0. 600 16 0. 567 16 0.573
3 6 0.573 2 0. 534 5 0.539 2 0.555 2 0. 532 5 0. 566
4 19 0.570 5 0.528 2 0.525 19 0.526 5 0.503 2 0.520
5 17 0. 565 19 0.486 14 0.493 5 0.496 19 0. 469 14 0.515
6 3 0.531 26 0.467 4 0.486 25 0.482 14 0. 464 4 0. 505
7 25 0.529 25 0. 464 19 0.483 26 0.473 26 0. 460 19 0.472
8 22 0.515 4 0.459 26 0.451 3 0.471 4 0.458 8 0.451
9 26 0. 502 17 0.457 25 0.448 14 0.465 25 0.455 26 0.447
10 18 0. 494 14 0.454 3 0.443 4 0.457 3 0. 444 25 0.446
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Table 6 Comparison of node obstacle factors between Plan 1 and Plan 4

s ESNE L T FE1L HE4 T LEINE L s UES TE4
1 PL PL 11 PL VL 21 DC DC 31 cc cc
2 PL PL 12 VL B 22 cc cc 32 cC cc
3 PL VL 13 PL VL 23 cc cc 33 VL VL
4 VL PL 14 VL VL 24 DC B 34 cC cc
5 VL VL 15 PL VL 25 PL PL 35 cc cc
6 VL VL 16 PL VL 26 PL PL 36 cC cc
7 VL cc 17 PL PL 27 PL PL 37 DC DC
8 VL VL 18 PL VL 28 B cc 38 cC cc
9 PL (ol 19 EC PL 29 cc (o6 39 PL EC
10 VL VL 20 VL VL 30 DC DC — — —
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