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Table 1 Importance value of typical businesses in

distribution network
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Island partition method of active distribution network after disaster considering
importance of information-energy coupling nodes

WU Zhenhua',BIAN Xiaoyan',ZHOU Bo',XU Bo',LIN Yi*,LIN Weiwei’
(1. College of Electric Power Engineering,Shanghai University of Electric Power,Shanghai 200090, China;

2. Economic and Technology Research Institute of State Grid Fujian Electric Power Co.,Ltd., Fuzhou 350012, China)
Abstract: Aiming at the chain failures of active distribution network caused by natural disasters,an island
partition method of active distribution network after disaster considering the importance of information-
energy coupling nodes is proposed to realize the continuous power supply to important nodes. Based on the
coupling relationship between power network and power communication network,the network architecture of
distributed cyber-physical system is constructed with power network as the basic network. Combining the
business characteristics of energy flow and information flow, the importance of coupling nodes is obtained
by the weighting method combining subjective and objective. Based on the global information discovery
model, the global information is obtained through local information exchange to complete the acquisition of
the input parameters for the island partition model and meet the communication requirements after disaster.
By controlling the switching state of automatic switchgear, distributed generation (DG) and energy storage,
the active distribution network is divided into several microgrids powered by DG or DG in cooperation
with energy storage to maximize the equivalent recovery load. The effectiveness of the proposed method is
verified by the example simulation.

Key words: active distribution network; distributed cyber-physical system;island partition; information-energy

coupling;node importance ;mixed-integer linear programming;natural disaster
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Fig.A1 Coupling network model of distributed cyber-physical system
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Table A1 Node scale value of two-network coupling model

YRS KK R WEME | WS KK R PREE | WEFS KEEK R b fE
1 1€, 35¢—>1F 1.9256 13 13¢ 0.9972 25 25¢, 38¢—25F 1.9885
2 2¢ 0.9889 14 14¢, 36¢—14° 1.8768 26 26¢, 39¢—26F 1.9256
3 3¢ 0.9889 15 15¢ 0.9889 27 27¢ 0.9750
4 4¢ 0.9750 16 16, 39¢, 40¢—16" 2.7887 28 28¢ 0.9972
5 5¢. 35¢—>5"  1.9256 17 17¢ 0.9750 29 29¢ 0.9750
6 6¢ 0.9889 18 18¢ 0.9750 30 30¢ 0.9889
7 7€, 38¢—>7°P 1.9885 19 19¢ 0.9972 31 31¢ 0.9889
8 8C. 36¢—8"  1.7448 20 20¢ 0.9972 32 32¢, 37¢—>32F 1.9719
9 9¢ 0.9889 21 21¢, 37¢=>21° 1.9141 33 33¢, 40¢—>33" 19884
10 10¢ 0.9889 22 22¢ 0.9889 34 34¢ 0.9972

11 11¢ 0.9972 23 23¢ 0.9889

12 12¢ 0.9750 24 24¢ 0.9972
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Fig.A2 Analysis process of coupling nodes’ importance value
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Fig.A3 Flowchart of improved forward and backward power flow algorithm
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Table Bl Configuration information of DGs and energy storage

MEXNS ENS BAHHFRAW L F/kvar | EX S FEF A HIHHRAW  EIIhFE/kvar

DG 810 70 45 Bess; 806 15 10
DG 820 105 68 Bessz 826 30 18
DG; 834 340 190 Besss 832 50 25
DG4 836 65 20 Bessa 848 45 22

DGs 856 550 290 Besss 850 15 7.5




= B2 TEARER
Table B2 Node load information

1 5 A LR kW TG T T % /kvar RS 1 45 B KW JE T P % fkvar RS
800 30 15 0 836 61 31.5 0/1
802 27.5 14.5 0/1 838 14 7 1
806 27.56 14.5 0/1 840 47 31 0/1
808 8 4 1 842 4.5 2.5 0/1
810 8 4 0/1 844 432 329 0
812 16 8 0/1 846 34 17 0/1
814 24 12 0/1 848 71.5 53.5 1
816 2.5 1 0/1 850 26 13 0/1
818 17 8.5 0/1 852 36 18 0/1
820 84.5 43.5 0/1 854 10 5 0/1
822 67.5 35 0 856 8 4 0/1
824 24.5 12 0/1 858 24.5 12.5 0
826 20 10 0/1 860 174 106 0/1
828 5.5 2.5 0/1 862 14 7 0/1
830 48.5 21.5 0/1 864 1 0.5 0/1
832 7.5 3.5 0/1 888 100 50 0/1
834 89 45 0/1 890 450 225 1
#xB3 EERM. ERMURBETREEE
Table B3 Information flow side,energy flow side and coupling node importance

s 5 fE R fAE = W A9 R 5 i fF 2 Rm AE 2 I 1 LERE D)
R W M R R i
800 0.7167 0.7038 2.0839 836 0.7582 0.7771 1.5163
802 0.5568 0.5585 1.1092 838 0.5212 0.4337 0.9534
806 0.6240 0.7418 1.3589 840 0.5403 0.5148 1.0536
808 0.7457 0.5623 1.2894 842 0.6673 0.4918 1.7691
810 0.6780 0.6853 1.9908 844 0.5997 0.7028 1.2958
812 0.7114 0.5069 1.2104 846 0.5786 0.4607 1.0328
814 0.7496 0.5300 2.0206 848 0.5956 0.5917 1.1856
816 0.9000 0.5150 2.0853 850 0.8526 0.5664 2.2618
818 0.5892 0.4722 1.0548 852 0.8730 0.6316 2.3126
820 0.6731 0.6743 1.3400 854 0.8761 0.5466 1.4008
822 0.5178 0.5471 1.0634 856 0.6128 0.7116 1.3227
824 0.5940 0.5111 1.0903 858 0.8102 0.5010 1.2910
826 0.5865 0.7230 1.3079 860 0.6629 0.6542 1.3097
828 0.8599 0.5086 2.1224 862 0.6000 0.5636 1.1569
830 0.8563 0.7048 1.5516 864 0.5386 0.4576 1.5198
832 0.9600 0.7087 3.3859 888 0.5377 0.6507 1.7198
834 0.7846 0.8116 1.5765 890 0.5063 0.6513 1.1561
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Table B4 Updated coupling node importance

- (=SSl file 2 I 0 ZE A 5 (=SSl g 5 I N TR
R EEE R EEE HEE R EEE R EEE HEE
800 0.7228 0.7038 2.0957 836 0.7650 0.7771 1.4655
802 0.5589 0.5585 1.1112 838 0.5228 0.4337 0.9550
806 0.7165 0.7418 1.4564 840 0.5449 0.5148 1.0582
808 0.7192 0.5623 1.2096 842 0.6707 0.4918 1.7756
810 0.6864 0.6853 2.0501 844 0.6016 0.7028 1.2978
812 0.7047 0.5069 1.2096 846 0.5808 0.4607 1.0351
814 0.7415 0.5300 2.0046 848 0.5993 0.5917 1.1893
816 0.8889 0.5150 2.0658 850 0.8450 0.5664 2.2466
818 0.5891 0.4722 1.0547 852 0.8810 0.6316 2.0704
820 0.6766 0.6743 1.3434 854 0.8513 0.5466 1.3127
822 0.5189 0.5471 1.0645 856 0.6166 0.7116 1.3265
824 0.5798 0.5111 1.0330 858 0.7968 0.5010 1.2779
826 0.5890 0.7230 1.3104 860 0.6666 0.6542 1.3134
828 0.8488 0.5086 1.9519 862 0.6279 0.5636 1.1898
830 0.8390 0.7048 1.5345 864 0.5426 0.4576 1.5409
832 0.9170 0.7087 3.2661 888 0.5359 0.6507 1.7163
834 0.7987 0.8116 1.5903 890 0.5062 0.6513 1.1561
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Fig.B2 Island partition results of microgrid considering importance of nodes at energy flow side
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