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Application of parallel compensated series resonance in AC voltage test of long-
distance submarine cable

LIU Hong

(Survey and Testing Research Institute of Shanghai Investigation and Design Research Institute Co., Ltd., Shanghai
200434, China)

Abstract: Comparative analysis of CIGRE, IEC, GB (including GBT) and State Grid on cable AC voltage
withstand test standards. According to the large capacitor of long-distance submarine cable, the multi-objective
optimization model of the field AC voltage withstand test system and the solution process based on genetic
algorithm are proposed. The results show that by selecting the evaluation index appropriately, the test system can
reduce the number of reactors and excitation transformers to optimize the test system. The PSCAD simulation of

the test system is used to verify the solution results of the genetic algorithm.

Key words: long-distance submarine cable; AC withstand voltage test; genetic algorithm; multi-objective

optimization model; series resonance test system with parallel compensation; quality factor
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Fig. 1 Schematic of the series resonant circuit
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Tab. 1 Harmonic voltage ratio on the test equipment

R HLUE 55 U/U,

1 50.000 0
3 0.125 00
5 0.041 67
7 0.020 83
9 0.012 50
11 0.008 33
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Fig. 2 Series resonance AC voltage test circuit
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Fig. 3 Improved series resonance AC voltage test circuit with

parallel reactance
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Tab. 2 Recommend test voltage and frequency for power cable

by CIGRE
BUELHE  HEFEMIREAS R & R A
/kV (AH - HoEJE ) /Hz /min
60 ~ 115 2.0U, 30 ~ 300 60
220 ~ 230 1.4U, 30 ~ 300 60
275 ~ 345 1.3U, 30 ~ 300 60
380 ~ 400 1.2U, 30 ~ 300 60
500 1.1U, 30 ~ 300 60
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Tab. 3 Recommend test voltage and frequency for power cable

by IEC
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30 ~ 110 20, 20 ~ 300 60
220 180 kV & 1.7U, 20 ~ 300 60
330 250kV 8% 1.7U, 20 ~ 300 60
500 320kV 5 1.7U, 20 ~ 300 60
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Tab. 4 Cable test voltage specified in the national standard
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Fig. 4 Flowchart of the test system optimization
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Tab. 6 Main parameters of 220 kV submarine cable
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Tab. 7 Parameters of AC voltage withstand test equipment
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Tab. 8 The frequency of AC voltage test varies with the number

ot LR DA R B 2 L

of reactors
CIEEN e e i ga T OEEOR
1 8.236 160.55 160.55
2 11.647 227.05 113.52
3 14.264 278.08 92.69
4 16.471 321.10 80.27
5 18.415 359.00 71.80
6 20.173 393.26 65.54
7 21.789 424.77 60.68
23 39.497 769.96 33.48
24 40.346 786.52 32.77
25 41.178 802.74 32.11
36 49.414 963.29 26.76
37 50.095 976.58 26.39
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Fig. 5 Simulation model of the test system
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Fig. 6 Simulation results of the quality factors of the test system
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Tab. 9 Quality factors of the test system (n=6)

n, n f I I e m, m, ]

1 5 20.173 6555 32772 39326 1 1 7195
2 4 20173 131.09 262.18 39326 2 1 9205
33 20.173 196.63 196.63 39326 2 1 86.27
4 2 20172 262.15 131.09 39324 3 1 7541
5 1 20.172 327.69 65.55 39324 4 1 6534
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Fig. 7 Output voltage of the test system (n,=2, n,=4)
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Fig. 8 The current waveform of the test system (n,=2, n,=4)

9 BHHELEIT
Fig. 9 Submarine cable AC-voltage withstand test site
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Fig. 10 Voltage loading procedure for marine cable test
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