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Abstract

In this paper, the method of complex network theory is used to establish the network model of a
realistic power grid. Pajek is used to calculate the characteristic parameters of the power grid,
determine the network type of the grid. By removing edges/nodes randomly or purposefully, the
structural vulnerability of power grid is analyzed. For the deficiency of the model of the non-direction,
unweighted complex power system, the reactance of power grid is used as weighted values to
build a weighted network model. The vulnerability of weighted grid model is investigated. It can
be found that the average path length and betweenness in weighted network are slightly larger
than them in unweighted network model by comparing the characteristic parameter values of
complex power network models.
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Figure 1. The simplified topological map of power grid nodes at somewhere in 2014
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Figure 2. Statistical figure of power grid nodes’ degree
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Figure 3. The figure of power grid nodes’ degree distribution
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Table 1. Statistical table of degree distribution of power grid nodes

1 BMTHRESRRITR

FE Bk 1 2 3 4
3 p(k) 0.3913 0.2065 0.1630 0.1304

FE Bk 5 6 7 8
% p(k) 0.0326 0.0435 0.0217 0.0109

Table 2. Statistical table of power grid’s characteristic parameters
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GUiTREE W HH n WHHE m PR K RERMC TR L B
HL 92 114 2.4565 0.0903 4.9968 0.4108
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Table 3. The statistical table of power grid’s characteristic parameters after random attacking nodes
7= 3. BENER WY R EMERNFHES it R

Bikba BRESOEAES geme  TOMERE prmmmon.  wmETe  Ame
6 7% 0.1279 4.6339 0.9069 0.2000 0.3139
12 14% 0.1083 45077 0.8625 0.1429 0.2518
18 20% 0.1001 4.4007 0.8649 0.1250 0.2148

Table 4. The statistical table of power grid’s characteristic parameters after random attacking edges

= 4. RN B WAL BB FHES B St &

Blriam  BRRA S IEA L RO EH C EFiéJEﬁLﬁétéiﬁ S HEE G T o A %B

#H It
8 7% 0.0836 5.3385 0.9565 0.2500 0.4249
16 14% 0.0824 5.3264 0.9130 0.2000 0.4205
23 20% 0.0765 5.1438 0.6304 0.1429 0.1709
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Table 5. The statistical table of power grid’s characteristic parameters after deliberate attacking nodes

*5 BEWHEMNT REMENFIES HGiTR

BERATE B RS EA

HH NN BRAMC CPOBERKEL  SIOEEE G BT < NHB
6 7% 0.0620 4.9200 0.4884 0.0769 0.1135
12 14% 0 4.9873 0.3875 0.0400 0.0664
18 20% 0 2.5463 0.1486 0.0278 0.0067
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Table 6. The statistical table of power grid’s characteristic parameters after deliberate attacking edges
7= 6. ERWEENIAEMENFHES ST R

BERam BRI IRA L%

REAHC FHBAEKE L RAEBE G BT o ¥ B

HH Bkt
8 7% 0.0485 6.1399 0.9348 0.5000 0.3858
16 14% 0.0296 5.4257 0.8696 0.3333 0.2452
23 20% 0.0103 5.182 0.6957 0.2000 0.1308
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Figure 4. The hypothetical lines
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Table 7. The power grid’s characteristic parameters

7. BMEMHESHIE

A F s n A% m SPRIER K RERHC PRI L 4B
PAUE A 92 114 2.4565 0.0903 5.3241 0.4863
TeAUE R 92 114 2.4565 0.0903 4.9968 0.4108

Table 8. A list of high betweenness nodes of weighted power grid
= 8. I ESTET SRR

REbE et IR $ RIS &t W R s % REDY &t
38 0.4509 8 23 0.1279 4
21 0.4259 6 11 0.1179 4
84 0.3044 7 70 0.1178 6
61 0.2547 7 82 0.1169 4
63 0.2049 6 22 0.1167 4
53 0.1487 5 33 0.1098 6
14 0.1410 3 9 0.0954 2

Table 9. A list of nodes which have a big difference in betweenness
9. AT BAEERITI 5%

REt s IRBLHITTT R $ INBUETT RS H
22 0.0533 0.1167
23 0.0791 0.1279
27 0.0087 0.1026
32 0.0224 0.2624
57 0 0.1934

Table 10. A list of lines which have a big difference in betweenness
7 10. IANRTENBAEE KRIZ 852

LT YT E T e =T e
21-38 0.1396 0
33-38 0.0954 0
53-56 0.0579 0
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Figure 5. The diagrammatic sketch of 21-38 lines
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