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Fig.1 Simulation model of system
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Table 1  Structural parameters of 500 kV
single-core submarine cable mm
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Fig.2 Simulation model of the submarine cable
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Table 2 Simulation structure parameters of
submarine cable mm

S8 ¢l ZH Bl

BELK 4 A2 42 242 || NAPEEE 80.3
TR Mm% 621 || fas 2R 863
SRENAR 66.2 || ShEENAE 90.3

GB 50217—2018( Ft Jy L2 AL 4 e it b o) o
MU PR KR A BN T 0.5 m™, “FER @ AT
RE AR I 1 m/s (9 /INR] AN ] 9] g% L 4 ] B A
/T 5 m” B E XY — Bt T, H
Bk AR WO IR R A ST R IO 1 m, IR
HLAEE] By 10 m,

W TR A RO IR B R AR
R 3R, CEAE R BE I SEPR A, TR, X TR i
WS S SRR R 3 ITIBITE

®3 BREBHEESH

Table 3 Modification of the submarine
cable parameters
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Table 4 Impedance values of shunt reactors

AN EE T 5 R L s LI/ Q

GES
60% 70% 80% 90%
BUEAME  363.866  311.885  272.900 242.577
FshME 727732 623.770  545.799  485.155

2 TIindrE

21 ZHEFYMN
FHRS T 2R 25 WL B, TG L 9 0T 3l L AR, 2
HOR I 28 0, FEA H AL B A A PR T X o [

3 MWEIR AR R B, R, E LT 43 B
W LR L U, L, A3 50 T P R o
s Uy I, 0 BIMWE R LR S LR LI Ze R
LR B (P BT s B LR B MRS BB

3 BRESLKERE
Fig.3 Schematic diagram of submarine cable line
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Table 5 Overvoltage distribution of long no-load line

v I 250 F /.
Tg; i 0 km 15 km 30 km 45 km 60 km 75 km 90 km
ML 1.135 1183 1.222 1.253 1.276 1.289 1.293
60% HLAEARNE 1.119 1.136 1.145 1.146 1.139 1.124 1.100
B A 1.113 1.143 1.164 1.178 1.184 1.182 1.171
MG 1.102 1.148 1.186 1.216 1.237 1.250 1.255
70% HAEARNE 1.090 1.102 1.107 1.103 1.092 1.073 1.046
B A 1.082 1.109 1.128 1.139 1.142 1.138 1.125
MAiEss 1.072 1.117 1.153 1.182 1.203 1.216 1.220
80% HIZiKuE 1.064 1.072 1.072 1.065 1.050 1.028 0.998
M8 A 1.055 1.079 1.095 1.104 1.105 1.099 1.084
M 1.043 1.086 1.122 1.150 1.170 1.182 1.186
90% HZiFNE 1.042 1.046 1.042 1.032 1.013 0.988 0.955
HL 48 A 1.030 1.051 1.065 1.072 1.071 1.062 1.046
FHME 1.345 1.401 1.446 1.482 1.508 1.523 1.529
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Fig.4 Terminal voltage of long no-load line
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Fig.5 Capacitance effect of long no-load line (k=70%)
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Table 6 Comparison of overvoltage amplitude
selection under capacitance effect (k=70%)
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Fig.6 Three-phase voltage waveforms at
the end of the submarine cable
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Table 7 Overvoltage distribution under
single-phase failure

WM W 2 U/ peu.
T?t% L 0 km 15 km 30 km 45 km 60 km 75 km 90 km
A 1,126 1.174 1213 1.244 1.266 1.279 1.284
60% HLZEAN 1.117 1.133 1.141 1.142 1.134 1.118 1.095
B A 1,121 1.152 1.176 1.191 1.197 1.195 1.184
H4TE T 1,100 1.146 1185 1.215 1.237 1.250 1.255
70% 5N 1.086 1.097 1.101 1.097 1.085 1.066 1.039
HLASE R 1.090 1.118 1.138 1.150 1.154 1.149 1.137
MATE M 1.075 1.121 1.159 1.189 1.210 1.223 1.227
80% HIZEAKM 1.064 1.071 1.071 1.064 1.049 1.026 0.997
S AR 1.060 1.084 1.101 1.110 1.111 1.105 1.091
HATE M 1.049 1.094 1.131 1.160 1.181 1.194 1.198
90% MLk 1.039 1.042 1.037 1.026 1.007 0.982 0.949
A E AR 1.029 1.050 1.064 1.070 1.069 1.060 1.044
FegMz 1.455 1.533 1.598 1.649 1.687 1.711 1.719
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Fig.7 Three-phase voltage waveforms
at the end of transmission line
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Table 8 Overvoltage distribution under
opening operation

s WA b
L3 0 km 15 km 30 km 45 km 60 km 75 km 90 km
B4 1.201 1.228 1.251 1.268 1.281 1.289 1.291
60% HZEANE 1.206 1.204 1.196 1.184 1.168 1.147 1.121
FLAS B R 1.139 1.168 1.190 1.203 1.208 1.206 1.195
S s 1.119 1.149 1.173 1.192 1.206 1.214 1.217
70% HEEANE 1169 1.166 1.158 1.145 1.127 1.103 1.074
A R 1.093 1.119 1.138 1.149 1.152 1.148 1.135
HL4TE M 1.084 1.118 1.146 1.168 1.183 1.193 1.196
80% HLZAKNE 1.148 1.145 1.136 1.121 1.101 1.075 1.043
HL4SE K% 1.061 1.083 1.099 1.107 1.108 1.101 1.087
HATE M 1.042 1.078 1.108 1.132 1.149 1.159 1.162
90% HZEANEE 1.076 1.073 1.064 1.048 1.027 0.999 0.966
SRS 1.021 1.040 1.052 1.058 1.056 1.047 1.031
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Fig.8 Voltage distribution along submarine cable
with different compensation degrees
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Table 9 Overvoltage distribution under

closing operation

0.10  0.11

WME L N+ A5 F /-
JE k fHifins 0 km 15 km 30 km 45 km 60 km 75 km 90 km
MASE I 1.254 1.336 1.406 1.462 1.504 1.530 1.539
60% HLZiFH 1.200 1.252 1.284 1.305 1.312 1.305 1.282
B8P A 1.199 1.256 1.301 1.334 1.355 1.362 1.353
MRS E M 1.210 1.288 1.355 1.409 1.450 1.475 1.484
70% HAEARNE 1.175 1.212 1.239 1.254 1.256 1.244 1.217
S A 1.160 1.211 1.252 1.282 1.300 1.304 1.293
HL4EEh 1,171 1.246 1.311 1.363 1.402 1.426 1.435
80% FZiKuE 1.142 1.174 1.195 1.205 1.203 1.187 1.157
M5 AN 1.127 1.175 1.213 1.240 1.255 1.257 1.244
HL4Eph 1,132 1.204 1.266 1.316 1.354 1.377 1.386
90% HZiAu 1.112 1.139 1.155 1.161 1.154 1.135 1.101
RS A 1.098 1.143 1.179 1.203 1.216 1.215 1.201
FME 1.667 1.770 1.857 1.927 1.979 2.012 2.023
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Fig.10 Cable voltage distribution under
closing operation ( k=80%)
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Fig.11 Lightning current waveform
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Fig.12 A-phase voltage waveform at the end of
submarine cable under lightning overvoltage
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Influence of shunt reactor compensation scheme on overvoltage

distribution along 500 kV submarine cable

CAO Yanming', LI Yanan', ZHOU Tao’, LUO Longfu®
(1. State Grid Power Economic and Technological Research Institute Co.,Ltd.,Beijing 102209, China;
2. College of Electrical and Information Engineering,Hunan University , Changsha 410082, China)
Abstract : AC submarine cable is an important component in AC transmission system of offshore wind farms. However, the issue
of charging current limits its application in offshore wind power with long-distance and large-capacity. Taking HYJQF41-F290/
500 kV single-core AC submarine cable as an example, the overvoltage distribution along the cable in different working
conditions is analyzed, considering the long-distance and high-voltage transmission. The simulation model of the cable is
established and its parameters are corrected firstly. According to the different compensation degrees of the shunt reactor, the
capacity of the shunt reactor under the configuration scheme of single-end compensation and two-end compensation calculated
out. Finally,based on the single-phase grounding fault,the closing and opening conditions in the high-voltage and long-distance
wind farm models, and the distribution law of overvoltage along the submarine cable under different reactive power compensation
schemes is tested by simulation. The results show that the maximum overvoltage of submarine cables appears in different
positions with different compensation schemes. Based on this, the selection methods for high-voltage submarine cable and
overvoltage in insulation level design of substation equipment are given out under different compensation schemes, which have
certain guiding significance for engineering practice.

Keywords : submarine cable ; charging current;offshore wind power ;overvoltage ;reactive power compensation ; shunt reactor
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