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Multiobjective service restoration decision of shipboard power networks
considering static voltage stability

JIANG Yanjun', ZHANG Yankui®, XU Sen', ZHANG Rui'
(1. School of Information Science and Technology, Zhejiang Shuren University, Hangzhou 310015, China;
2. Department of Electrical Engineering, China University of Mining & Technology, Beijing 100083, China)

Abstract: In order to solve the problem of voltage stability induced by the reconstruction process for service restoration
of shipboard power networks, the Static Voltage Stability Index (SVSI) of the power network line is introduced. The
maximum value of the SVSI index of all lines after the service restoration is taken as the objective function to represent
the overall level of static voltage stability at this time. A reconfiguration model considering static voltage stability is
established for the multiobjective service restoration of shipboard power networks. The Multiobjective Grid Evolution
Algorithm (MGEA) based on local search technology is used to solve the model. The algorithm preserves the
multiobjective nature of the service restoration problem. The transmission speed of genes is slowed down by selecting,
crossing and mutating in the neighborhood of the grid. The service restoration test is carried out on a practical example of
the shipboard power network. The results show that the decision method can effectively improve the static voltage
stability of the whole system while realizing the service restoration of the shipboard power network.
This work is supported by Nature Science Foundation of Zhejiang Province (No. LY 14E070001).
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Fig. 1 Performance comparison of voltage stability

index of shipboard power system
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Fig. 3 Single line diagram of prefault shipboard power network
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Table 1 Operator and parameter setting of MGEA
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Table 2 Load data of example 1—4
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s & Al
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Table 3 Calculation results of example 1—4 under the

formula (15) preference relationship

AR 54 1 i 2 3 4
- 1010 1111 10101111 1000 1111 1000 1111
11111110 10001011 1000 0001 0000 0000
fI(X)YKW 441000 7364000 19446000 3 152.800 0
f(X) 1 6 7 7
SH(X)KW 1334882  175.8145 159.300 0 164.000 0
fu(%) 0.088 7 0.0873 0.091 1 0.098 0
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Table 4 Power flow corresponding to the optimal

solution given in Table 3

. U; /p.u.

H& 51 i 2 Hil 3 il 4
1 1.000 0 1.000 0 1.000 0 1.000 0
2 0.9710 0.958 1 0.958 0 0.957 5
3 0.884 0 0.889 2 0.000 0 0.000 0
4 0.878 5 0.891 4 0.000 0 0.000 0
5 0.000 0 0.000 0 0.000 0 0.000 0
6 0.930 4 0.9256 09170 09135
7 0.928 1 0.921 0 0.9100 0.904 1
8 0.929 1 0.923 0 09129 0.000 0
9 0.967 7 0.933 6 0.941 4 0.943 9
10 0.966 6 0.916 6 0.9328 0.939 5
11 0.896 0 0.000 0 0.000 0 0.000 0
12 09177 0.923 1 0.000 0 0.000 0
13 09163 0.000 0 0.000 0 0.000 0
14 0.876 0 0.906 1 0.929 0 0.000 0
15 0.8758 0.000 0 0.000 0 0.000 0

R 3 4y AR R I K R S8 £ 1) SVSI,
FRbRANEE 5 PR,
x5 Mk 3 HHBIRMEBE L RFE R LI SVSI, H5HR
Table 5 SVSI; index of each line of the system corresponding

to the optimal solution given in Table 3

i SVl

H 1 A 2 He) 3 A 4
1 0.059 7 0.087 3 0.087 5 0.088 6
2 0.000 0 0.000 0 0.000 0 0.000 0
3 0.012 6 0.004 9 0.000 0 0.000 0
4 0.000 0 0.000 0 0.000 0 0.000 0
5 0.007 0 0.053 5 0.036 0 0.029 4
6 0.002 3 0.0378 0.0189 0.009 6
7 0.088 7 0.0715 0.091 1 0.098 0
8 0.005 0 0.0102 0.0157 0.0212
9 0.002 9 0.005 9 0.009 0 0.000 0
10 0.0277 0.000 0 0.000 0 0.000 0
11 0.049 4 0.000 0 0.000 0 0.000 0
12 0.003 0 0.000 0 0.000 0 0.000 0
13 0.005 8 0.033 6 0.000 0 0.000 0
14 0.006 2 0.000 0 0.000 0 0.000 0
15 0.028 2 0.005 6 0.000 0 0.000 0
16 0.000 0 0.023 6 0.008 3 0.000 0
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Table 6 Number of solutions in the optimal solution set

obtained by the load level 1—4

il 1 2 3 5t 4
fE AN 72 86 47 22
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