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Fig. 1 Process of simultaneous commutation failure
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Fig. 3 Segmentation method based on local fitness measure
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0.00600.01570.011 00.006 10.003 80.00350.00350.00340.00130.00320.00330.00370.00380.00500.00600.006 2 0.008 80.009 7
0.004 10.01080.016 80.009 0 0.005 6 0.005 1 0.005 1 0.005 0 0.002 0 0.004 7 0.004 8 0.005 3 0.005 4 0.00720.008 1 0.008 10.011 30.013 5
0.002 30.005 9 0.008 90.014 7 0.008 9 0.008 0 0.008 00.007 90.003 10.0069 0.007 30.007 9 0.007 9 0.010 2 0.007 7 0.006 2 0.007 3 0.008 O
0.001 40.00370.00560.00900.012 10.010 50.010 6 0.010 6 0.004 1 0.007 0 0.008 2 0.008 0 0.007 2 0.007 5 0.005 4 0.004 2 0.004 8 0.005 2
0.001 30.00340.00510.008 10.01050.011 10.0104 0.010 00.003 90.007 1 0.008 4 0.008 10.007 10.007 00.00500.0039 0.004 4 0.004 7
0.001 30.003 4 0.005 00.008 00.010 60.0104 0.015 7 0.013 6 0.005 3 0.006 7 0.008 0 0.007 7 0.006 8 0.006 9 0.004 9 0.003 9 0.004 4 0.004 7
0.001 30.003 30.00500.00800.01060.01000.013 6 0.015 4 0.006 0 0.006 5 0.007 7 0.007 5 0.006 6 0.006 7 0.004 8 0.003 8 0.004 3 0.004 6
0.000 5 0.001 4 0.002 00.003 30.00430.004 10.00560.00630.016 80.00270.003 10.003 00.00270.002 8 0.00200.001 60.001 80.0019
0.001 20.00320.004 70.007 10.007 00.007 10.00680.00660.00260.01100.009 70.010 4 0.010 2 0.008 2 0.005 5 0.004 1 0.004 4 0.004 6
0.001 30.003 30.004 90.00750.008 20.008 50.008 00.00770.00300.00970.01200.011 1 0.009 30.007 90.005 4 0.004 10.004 50.004 6
0.001 4 0.003 6 0.005 3 0.007 9 0.007 9 0.008 0 0.007 7 0.007 4 0.002 9 0.01020.010 9 0.034 4 0.011 4 0.009 2 0.006 2 0.004 6 0.005 00.005 1
0.001 4 0.003 7 0.005 4 0.008 00.007 2 0.007 20.00690.00670.002 60.010 10.009 30.011 60.01300.010 00.006 6 0.004 9 0.005 2 0.005 3
0.001 9 0.004 9 0.007 2 0.010 3 0.007 4 0.007 0 0.006 8 0.006 7 0.002 6 0.008 0 0.007 8 0.009 2 0.009 9 0.014 5 0.009 5 0. 006 9 0.007 2 0.007 2
0.002 2 0.005 7 0.007 8 0.007 5 0.005 2 0.004 90.004 8 0.004 70.001 8 0.00530.00520.006 10.0064 0.00930.01840.01220.011 00.009 8
0.002 30.00590.007 90.006 10.004 10.003 80.00380.00370.00150.00400.00400.00460.004 80.00680.01220.014 10.01240.010 7
0.00320.008 4 0.011 00.007 20.004 7 0.004 30.004 30.00420.00170.00430.00440.00490.00510.007 10.011 10.01240.018 50.015 7
0.003 60.00940.01330.00800.00510.00460.004 60.00450.001 80.00450.004 60.005 10.005 3 0.007 20.010 00.010 8 0.015 8 0.020 0
0.000 8 0.002 2 0.002 9 0.002 3 0.001 50.001 40.001 40.00140.00050.00150.00150.00170.001 80.00250.00450.00520.004 60.003 9
0.000 5 0.001 2 0.001 6 0.001 2 0.000 8 0.000 8 0.000 8 0.000 7 0.000 3 0.000 8 0.000 80.0009 0.001 00.001 40.002 4 0.00280.00250.002 1
0.002 10.00550.007 30.00570.00380.00350.00350.00340.00130.00370.00370.00420.00440.00630.01120.01300.011 40.009 9
0.001 8 0.004 7 0.006 30.00490.00330.00300.00300.00290.00120.00320.00320.00360.003 80.00540.00970.011 20.009 80.008 5
0.001 50.00390.00520.00410.00270.00250.00250.00250.001 00.00260.002 60.00300.00320.00450.008 10.00930.00820.007 1
0.00220.00560.007 50.00590.00390.003 60.00360.00350.00140.00380.003 80.00440.00460.00650.011 60.01350.011 80.010 2
0.004 50.01170.008 9 0.00500.00320.00290.00290.002 80.001 10.00270.00280.003 10.00320.004 3 0.00550.005 80.008 30.008 6
0.005 10.01340.013 30.008 2 0.005 3 0.004 8 0.004 8 0.004 70.001 80.00470.004 80.00540.00550.00760.011 10.01220.017 90.016 2
0.00430.01120.01240.007 80.005 1 0.004 6 0.004 6 0.004 5 0.001 80.004 6 0.004 6 0.005 2 0.0054 0.007 40.01120.012 4 0.018 4 0.016 1
0.00660.01720.017 1 0.010 5 0.006 8 0.006 2 0.006 2 0.006 1 0.002 4 0.006 0 0.006 1 0.006 9 0.007 1 0.009 8 0.014 3 0.0157 0.023 00.020 8
0.00690.018 00.017 8 0.011 0 0.007 1 0.006 5 0.006 4 0.006 3 0.002 5 0.006 3 0.006 4 0.007 2 0.007 4 0.010 2 0.014 9 0.016 4 0.024 0 0. 021 7
0.00570.01500.01050.00580.00360.00330.00330.00320.00130.00310.00320.00350.00360.00480.005 8 0.00590.008 40.009 2
0.001 10.00270.00590.01120.01510.016 10.015 1 0.014 50.005 6 0.010 1 0.012 1 0.011 6 0.010 1 0.009 8 0.006 5 0.004 9 0.005 2 0.005 5
0.000 9 0.002 4 0.004 6 0.003 90.002 7 0.002 50.002 4 0.002 4 0.00090.002 6 0.002 6 0.003 00.00320.004 50.008 60.010 00.008 30.0069
0.000 6 0.001 4 0.002 7 0.002 3 0.001 6 0.001 50.001 4 0.001 4 0.000 6 0.001 60.00150.001 80.00190.00270.005 10.00590.004 90.004 1
0.001 8 0.004 7 0.006 30.00490.00330.00310.00300.00300.00120.00320.00320.00360.00380.00540.00970.011 30.009 90.008 6
0.00730.01900.03430.028 50.01920.017 80.017 6 0.017 3 0.006 7 0.018 9 0.018 7 0.021 7 0.022 9 0.032 8 0.062 9 0.073 9 0.063 0 0.052 0
0.001 6 0.004 2 0.006 1 0.004 80.003 30.00300.00300.00290.00110.0032 0.0031 0.003 60.003 80.0054 0.009 80.01140.010 00.008 6
0.00690.018 1 0.017 90.011 0 0.007 1 0.006 5 0.006 4 0.006 4 0.002 5 0.006 3 0.0064 0.007 2 0.007 50.01020.014 9 0.016 4 0.024 1 0.021 8
0.003 60.003 10.005 3 0.00470.00350.00330.00350.00350.00360.0032 0.0033 0.003 70.00380.00520.00930.01070.009 10.007 7




40 BT HLRE BT AR 540 & 4 6 3]

MiR2 SRERYEERE (TR 19~31,33~39)
Appl.Tab.2  Sensitivity matrix of whole system (from node 19 to 31 and 33 to 39)

19 20 21 2 23 24 25 26 27 2 29 30 31 33 34 35 36 37 38 39

1 0.00090.0005 0.0023 0.0020 0.001 6 0.0023 0.0047 0.0055 0.0047 0.0074 0.0079 0.0058 0.0012 0.0011 0.0006 0.0021 0.0096 0.0018 0.0082 0.004 1
2 0.00220.0013 0.0059 0.0051 0.0042 0.0059 0.0120 0.0142 0.0119 0.0190 0.020 1 0.0149 0.0029 0.0027 0.001 6 0.0053 0.0246 0.004 7 0.021 1 0.003 5
3 0.00290.0017 0.0077 0.0067 0.0055 0.0077 0.0089 0.0137 0.0128 0.0184 0.0195 0.0103 0.0061 0.0049 0.0028 0.0069 0.0426 0.0067 0.0204 0.005 8
4 0.00220.0013 0.0059 0.0051 0.0042 0.0060 0.0050 0.0084 0.0080 0.0112 0.0119 0.0056 0.0114 0.0042 0.0024 0.0053 0.0350 0.0052 0.0124 0.005 1
5 0.00150.0009 0.0040 0.0035 0.0029 0.0040 0.0032 0.0054 0.0052 0.0073 0.0077 0.0036 0.0155 0.0029 0.001 6 0.0036 0.0240 0.0036 0.008 1 0.003 8
6 0.00140.0008 0.0037 0.0032 0.0026 0.0037 0.0029 0.0050 0.0048 0.0067 0.007 1 0.0032 0.0165 0.0027 0.0015 0.0033 0.0223 0.0033 0.007 4 0.003 6
7 0.00140.0008 0.0037 0.0032 0.0026 0.0037 0.0029 0.0049 0.0047 0.0066 0.0070 0.0032 0.0154 0.0026 0.0015 0.0033 0.0220 0.0032 0.007 3 0.003 8
8 0.00140.0008 0.0036 0.0031 0.0026 0.0036 0.0029 0.0049 0.0047 0.0065 0.0069 0.0032 0.0148 0.0026 0.0015 0.0032 0.021 6 0.0032 0.0072 0.003 8
9 0.00060.0003 0.0015 0.0013 0.0010 0.0015 0.0012 0.0020 0.0019 0.0027 0.0028 0.0013 0.0060 0.0010 0.0006 0.0013 0.0088 0.0013 0.0030 0.004 1
10 0.001 5 0.0008 0.0039 0.0034 0.0028 0.0039 0.0028 0.0049 0.0047 0.0065 0.0069 0.0030 0.0105 0.0028 0.001 6 0.0035 0.0237 0.0035 0.0072 0.003 5
11 0.00150.0008 0.0039 0.0034 0.0028 0.0039 0.0028 0.0049 0.0048 0.0066 0.0070 0.0031 0.0125 0.0028 0.001 6 0.0035 0.0235 0.0034 0.007 3 0.003 6
12 0.0017 0.0009 0.0044 0.0038 0.0031 0.0044 0.0031 0.0055 0.0053 0.0073 0.007 8 0.0034 0.0118 0.0032 0.001 8 0.0039 0.0267 0.0039 0.008 1 0.004 0
13 0.001 8 0.001 0 0.0047 0.0040 0.0033 0.0047 0.0032 0.0057 0.0056 0.0077 0.0081 0.0035 0.0104 0.0034 0.0020 0.0042 0.0285 0.0042 0.008 5 0.004 2
14 0.0025 0.0014 0.0065 0.0057 0.0047 0.0066 0.0043 0.0078 0.0076 0.0104 0.0110 0.004 6 0.0100 0.004 8 0.0028 0.0059 0.0402 0.0058 0.011 6 0.005 7
15 0.0043 0.0025 0.0115 0.0100 0.0082 0.0116 0.0054 0.011 1 0.0112 0.0149 0.0157 0.0054 0.0065 0.0089 0.0051 0.0104 0.0733 0.0104 0.016 5 0.009 9
16 0.0050 0.0029 0.0134 0.011 6 0.0095 0.0134 0.0057 0.0122 0.0125 0.0164 0.0174 0.0056 0.0049 0.0105 0.0060 0.0120 0.0856 0.0121 0.018 2 0.011 4
17 0.0044 0.0025 0.011 8 0.0102 0.0084 0.0119 0.0082 0.0180 0.018 5 0.0242 0.0257 0.008 0 0.0053 0.0087 0.0050 0.0106 0.0745 0.010 8 0.026 9 0.009 7
18 0.0039 0.0022 0.0103 0.0089 0.0073 0.0103 0.0085 0.0165 0.0164 0.0221 0.0234 0.0089 0.0056 0.0073 0.0042 0.0092 0.0626 0.0092 0.024 5 0.008 3
19 0.008 8 0.0050 0.0049 0.0043 0.0035 0.0049 0.0021 0.0045 0.0046 0.0060 0.0064 0.0021 0.0018 0.0195 0.0113 0.0044 0.0315 0.0045 0.0067 0.004 2
20 0.004 8 0.0109 0.0027 0.0023 0.0019 0.0027 0.001 1 0.0025 0.0025 0.0033 0.0035 0.001 1 0.0010 0.0106 0.024 6 0.0024 0.0172 0.0024 0.003 6 0.002 3
21 0.00460.0027 0.0235 0.0185 0.0137 0.0131 0.0053 0.0113 0.0115 0.0151 0.0160 0.0052 0.0045 0.0097 0.0055 0.0192 0.1285 0.0192 0.016 7 0.018 6
22 0.00400.0023 0.0184 0.0246 0.0173 0.0121 0.0045 0.0097 0.0099 0.0130 0.0138 0.0045 0.0039 0.0083 0.0048 0.0255 0.1621 0.0256 0.0144 0.025 0
23 0.00330.0019 0.0139 0.0176 0.018 8 0.0107 0.0038 0.0081 0.0082 0.0109 0.0115 0.0037 0.0032 0.0069 0.0040 0.018 2 0.1560 0.018 3 0.0120 0.017 8
24 0.004 8 0.0027 0.0135 0.0125 0.0109 0.0182 0.0054 0.011 6 0.0119 0.0156 0.016 6 0.0054 0.0047 0.0100 0.0057 0.0130 0.098 0.0131 0.017 3 0.012 4
25 0.00210.0012 0.0055 0.0048 0.0039 0.0055 0.0152 0.0160 0.0127 0.021 5 0.0228 0.011 1 0.0026 0.0029 0.001 7 0.0049 0.027 8 0.0062 0.023 9 0.003 6
26 0.0043 0.0025 0.0115 0.0100 0.0082 0.0116 0.0156 0.044 1 0.0326 0.0594 0.0629 0.0127 0.0052 0.0077 0.004 4 0.0104 0.0772 0.011 3 0.065 8 0.008 8
27 0.0044 0.0025 0.0118 0.0102 0.0084 0.0119 0.0124 0.0326 0.0346 0.0438 0.0464 0.0107 0.0053 0.0083 0.0047 0.0106 0.0770 0.0112 0.048 6 0.009 3
28 0.016 4 0.006 6 0.0099 0.0056
29 0.0171 0.0069 0.0103 0.0058
30 0.0315 0 0 0

31 0.0072 0 00405 0 0

0.0104 0 0 00326 0

0.0060 0 0 0 0045
0.0139 0.008 4 0.004 8
0.1064 0 0 0 0

0.0153 0 0 0 0

0.1283 0.017 1 0.0104 0.005 8
0.0115 0 0 0 0

0.0134 0.108 6 0.014 6
0.0139 0.1149 0.0153
0.0051 0 0
0.042 0 0
0.086 0 0
0.0050 O 0
0.0410 0.1597 0.006 2
0.1510 0.18 1 0 01121 O
0.0059 0 00410060 O
0.0140 0.1170 0.0154 0.151 2 0.004 2
0.020 O 0 00038 0.0404

0.1199 0.011 2
0.1336 0.011 6
00201 0
0.0075 0
0.0109 0
0.0063 0
0.014 5 0.011 7

0.005 6 0.003 2
0.0058 0.003 3
0.002 1 0.001 2
0.001 7 0.001 0
33 0.0183 0.010 4
34 0.0108 0.024 9
35 0.00400.0023
36 0.02520.0143
37 0.00410.0023
38 0.00590.003 4
39 0.0038 0.002 2

0.014 9
0.0155
0.005 6
0.004 6
0.009 5
0.005 6
0.018 5
0.118 7
0.018 6
0.015 6
0.017 9

0.0129
0.013 4
0.004 9
0.004 0
0.008 3
0.004 9
0.024 7
0.156 1
0.024 8
0.013 5
0.024 2

0.010 6
0.0110
0.004 0
0.003 3
0.006 8
0.004 0
0.017 4
0.149 2
0.017 5
0.011 1
0.017 0

0.014 9
0.015 6
0.005 7
0.004 7
0.009 6
0.005 6
0.012 2
0.084 4
0.012 3
0.0157
0.011 6

0.020 1
0.020 9
0.011 4
0.002 6
0.002 8
0.001 6
0.004 6
0.022 4
0.005 7
0.0210
0.003 3

0.056 8
0.059 3
0.013 5
0.005 2
0.007 4
0.004 3
0.009 8
0.065 3
0.010 7
0.059 6
0.008 2

0.0419
0.0437
0.011 3
0.005 3
0.007 9
0.004 6
0.010 0
0.065 3
0.010 6
0.0439
0.008 7

0.114 1
0.1127
0.018 1
0.006 8
0.0099
0.005 7
0.013 1
0.097 5
0.014 5
0.113 3
0.010 9

0.114 6
0.1277
0.019 2

feed-in of multi direct current into receiving-end Guang-
[J]. T"ZH 51 (Guangdong Electric
Power) , 2015, 28 (8): 33-37, 100.
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Segmentation method of a multi-infeed LCC system
based on local fitness measure

CAO Xin', HAN Min-xiao', MA Li-min', GUO Zhi-fei’, CAI Wan-tong®, ZHANG Xia-hui', WEN Jun'
(1.School of Electrical and Electronic Engineering, North China Electric Power University, Beijing
102206, China;2.Electric Power Research Institute of CSG, Guangzhou 510663, China)

Abstract: There is a great possibility of simultaneous commutation failure for LCC-HVDC when there exists multi-
infeed into one AC system. To tackle this issue, one segmentation approach to the AC system is proposed in this pa-
per. By dividing the multi-infeed AC system into several parts, the coupling between the LCC-HVDCs will be elimi-
nated, thereby reduce the probability of simultaneous commutation failure of LCCs. Firstly, lines whose three-phase
permanent fault will cause simultaneous commutation failure are selected by N-1 fault scanning on the multi-infeed
system, among which lines with high load rate are removed. After that, based on the local fitness measure theory,
nodes in the system are aggregated from bottom to top to form the initial partition. In this process, the calculation
method of voltage/reactive power sensitivity matrix considering PV node and LCC-HVDC is firstly presented. Then
the node aggregation function and partition fitness function are applied to calculate the node aggregation and parti-
tion fitness, respectively. Finally, considering the line collection and short-circuit ratio, the partition result is modi-
fied, and establishes the segmentation process. The effectiveness of the whole segmentation process is verified on
IEEE 39 nodes system, and a segmentation scheme is proposed on an actual power grid.

Key words: multi-infeed system; LCC-HVDC; power grid segmentation; N-1 contingency; local fitness measure



