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Optimal configuation of series reactors in capacitor banks
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Abstract: This paper pays great attention on the problem of optimal series reactance ratio configuation in capacitor banks. Based on
the analysis on the mechanism of harmonic amplification caused by the capacitor banks,the formulation is presented for the reactance
ratio optimization, which is divided into two layers. The inner optimization is applied to search the operating mode which may cause
the highest THD with the given reactor ratio configuation, while the outer optimization is used to determine the most optimal reactor
ratio configuration. The feasibility of the optimal scheme is based on the result of inner optimization. Due to the binary control
variables of inner optimal formulation, the BPSO algorithm is presented to solve the problem, and the detailed process is also
described in this paper. The proposed modelling and solution method has been implemented on an IEEE 14-bus radial distribution
system, and the good performance in feasibility, practicablity is demonstrated from the test results.
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Fig. 1 Nlustrative diagram of harmonic amplification
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Fig. 2 Representation of harmonic amplification regions
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Fig. 3 Curve of harmonic amplification
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s BREE/ (p.ou.) B THD
5 ®- %4 3% 5 TR /pou /(%)
1 1. 100 0. 0058 0. 0022 0. 0031 1. 1000 0.63
2 1. 091 0. 0059 0.0023 0. 0034 1. 0910 0. 66
3 1. 064 0. 0070 0. 0038 0.0012 1. 0640 0. 76
4 1.041  0.0045 0.0015 0.0006 1.0411  0.45
5 1. 047 0. 0042 0.0019 0. 0007 1. 0470 0. 44
6 0. 960 0. 0082 0.0102 0. 0094 0. 9601 1. 68
7 0.971 0. 0030 0. 0029 0. 0023 0.9712 0. 49
8 0.971 0. 0030 0. 0029 0. 0023 0.9712 0.49
9 0. 956 0. 0029 0. 0040 0.0034 0.9558 0. 63
10 0. 948 0. 0034 0. 0049 0. 0043 0. 9483 0.77
11 0. 950 0. 0055 0. 0073 0. 0066 0. 9503 1.19
12 0. 946 0.0077 0. 0096 0. 0088 0. 9460 1. 60
13 0.940 0.0071 0. 0090 0. 0083 0. 9399 1.51
14 0.929 0. 0042 0. 0059 0. 0052 0.9287 0. 96
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Tab.3 Harmonic currents of capacitor banks in case 3
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2 0.1 1 1.992 1.831 0.842
3 3 0.1 1 1. 992 1. 831 0. 842
4 0.1 1 1.992 1.831 0.842
5 0.1 1 1. 992 1.831 0.842
6 4.5 0 / / /
6 7 4.5 0 / / /
8 4.5 0 / / /
9 4.5 0 / / /
10 1.0 0 / / /
g 11 1.0 0 / / /
12 1.0 0 / / /
13 1.0 0 / / /
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