514 %10 #: 5186-5199 e FLE AR Vol.51, No.10: 5186-5199
2025 %10 B 31 H High Voltage Engineering October 31, 2025

DOI: 10.13336/1.1003-6520.hve.20240665

RRE S TR SRS 8 H S 547

HER, & B, ¥RF, T 4, ThE, FY
(B ¥ b ARG i hFF R, A 310014)

1 E. RSP HENSHSAR RS EEEMC. RGNS KB U m, IERF S5
BRI ES IR TT SR B, it DAZR SR (] B 77 Fe(Carson) Ay 2k, SR T — Al Al T AN [l
A2 BHRGIETFSHOT R WG R IR PUE RS P BT, 456 R S5k PSCAD/EMTDC
TR IAE T BIA IERYE SAE R . SRJE X T LIS BN RN AT, 45 RRW]: Bk
Mol IE P FBTI RI/N . BT XA RSB T FSHEREE, PE RPN TSR E R, BokmEig
WSS TFFZHG A 7 TSR, RS A S IR R AR, 5EFHSTE IR
MG IR RPN L 248, DO B S im He S R 4N (R S Hat 7 sUT T P 240> L5
Wi APYIE AR, B R T N R F SRR F R PEXR M 55 X E T U RS
FEARAZR BRGNP A BT 30T e LU KA 5 Rl A8 s i EA G

KR LS HG PG U7 PSCAD; &RIE; [BIRL

Cable Sequence Parameters Calculation and Analysis Under Different Grounding Methods

YE Haoliang, YANG Yong, CAO Junping, LI Te, WANG Shaohua, JIANG Kaihua
(Electric Power Research Institute of State Grid Zhejiang Electric Power Co., Ltd., Hangzhou 310014, China)

Abstract: The correctness of the cable sequence impedance parameters is directly related to the relay protection setting
calculation. The sequence impedance parameter of the cable is affected by its laying method, and the positive zero se-
quence parameter is closely related to the grounding method of the sheath, protector, and return cable. Based on the
classic Carson loop equation (Carson), this paper proposes a method for calculating the positive zero sequence parameters
of multi-circuit cables suitable for different grounding methods. The full-dimensional impedance matrix and sequence
impedance calculation of the cable, combined with the electromagnetic transient software PSCAD/EMTDC modeling and
simulation, verified the correctness and accuracy of the algorithm. Finally, the influencing factors of the cable sequence
impedance parameters were studied. The results show that the positive sequence reactance is significantly reduced when
the sheath is grounded at both ends. Different grounding methods result in significant differences in the zero sequence pa-
rameters. When the sheath is grounded at one end, the zero sequence parameters are significant. As the value increases,
laying the return cable can appropriately reduce the zero-sequence parameter; when the cables are arranged in pin-shape,
the distance between the return cable laying and the core is negatively correlated with the positive sequence resistance and
positively correlated with the zero-sequence impedance; the change in soil resistivity does not affect the positive sequence
parameters of the cable but only affects the zero sequence parameters under the single-end grounding of the sheath and
the grounding of the return cable plus protector; when the two cables are connected in parallel, the zero-sequence param-
eters increase significantly under the single-end grounding of the sheath,and the zero-sequence parameters are basically
unchanged under the double-end grounding of the sheath and the cross-connection grounding method. The degree of in-
crease in the zero-sequence impedance under the return cable plus protector grounding method is related to the laying
position of the return cable.
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Fig.3 Schematic diagram of single-circuit cable system loop
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Table 2 Main parameters of cable
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Fig.8 Single-circuit cable arrangement
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Fig.9 Horizontally arranges cable parameters
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Fig.10 Pin-shape arranges cable parameters
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Table A1 Soil resistivity change cable “one” arrangement parameters

Q/km
e PE S 5 i A X E R [ AN PR I A
198 £ [ %2
1 X Ro Xo R Xi Ro Xo Ry X Ro Xo R Xi Ro Xo
0.5 0.018 1 0.0467 0.0178 0.0469 0.0157 0.2007 0.1637 1.0776 0.0157 0.2005 0.0178 0.0469 0.0175 0.1934 0.1282 0.5706
1.0 0.018 1 0.0467 0.0177 0.0469 0.0157 0.2007 0.1637 1.1429 0.0157 0.2005 0.0177 0.0469 0.0174 0.1937 0.1310 0.583 8
10 0.018 1 0.0467 0.0177 0.0469 0.0157 0.2007 0.1637 1.3599 0.0157 0.2006 0.0177 0.0469 0.0170 0.1944 0.1406 0.6214
20 0.018 1 0.0467 0.0177 0.0469 0.0157 0.2007 0.1637 1.4252 0.0157 0.2006 0.0177 0.0469 0.0170 0.1946 0.1434 0.6311
50 0.018 1 0.0467 0.0177 0.0469 0.0157 0.2007 0.1637 1.5116 0.0157 0.2006 0.0177 0.0469 0.0169 0.1948 0.1471 0.6430
100 0.018 1 0.0467 0.0177 0.0469 0.0157 0.2007 0.1637 1.5769 0.0157 0.2006 0.0177 0.0469 0.0168 0.1949 0.1498 0.6514
RA2 RHERHEARS 0 TS
Table A2  Soil resistivity change cable "pin" arrangement parameters
Q/km
- PR S PR A X H [l SN ER I 254t
mnte 12:1fE RS
R Xi Ro Xo Ry Xi Ro Xo Ry Xi Ro Xo Ry Xi Ro Xo
0.5 0.0187 0.0464 0.0177 0.0469 0.0157 0.1146 0.1637 1.2498 0.0157 0.1146 0.0177 0.0469 0.0161 0.1129 0.1500 0.5297
1.0 0.0187 0.0464 0.0177 0.0469 0.0157 0.1146 0.1637 1.3151 0.0157 0.1146 0.0177 0.0469 0.0161 0.1130 0.1534 0.5375
10 0.0187 0.0464 0.0177 0.0469 0.0157 0.1146 0.1637 1.5321 0.0157 0.1146 0.0177 0.0469 0.0160 0.1132 0.1639 0.5595
20 0.0187 0.0464 0.0177 0.0469 0.0157 0.1146 0.1637 1.5974 0.0157 0.1146 0.0177 0.0469 0.0160 0.1132 0.1668 0.5653
50 0.0187 0.0464 0.0177 0.0469 0.0157 0.1146 0.1637 1.6838 0.0157 0.1146 0.0177 0.0469 0.0159 0.1133 0.1705 0.5721
100 0.0187 0.0464 0.0177 0.0469 0.0157 0.1146 0.1637 1.7491 0.0157 0.1146 0.0177 0.0469 0.0159 0.1133 0.1732 0.5769
Mk B
® Bl ARSI T R 4 24
Table B1 Parameters of single -circuit cables in different arrangements
Q/km
‘ B XU P8 BRI AT X H 1AL RS A
HH177 58
R X Ro Xo R X Ro Xo Ry Xi Ro Xo R Xi Ro Xo
“=7 5 00181 0.0467 0.0177 0.0469 0.0157 02007 0.1637 1.5769 0.0157 0.2006 0.0177 0.0469 0.0168 0.1949 0.1498 0.6514

= =

m 0 0.0187

0.0464 0.0177 0.0469 0.0157 0.1146 0.1637 1.7491 0.0157 0.1146 0.0177 0.0469 0.0159

0.1133 0.1732 0.576 9

® B2 ARSI W LS

Table B2 Parameters of double-circuit cables in different arrangements

Q/km

PEXU PE A X IR

LA PR3 35 1

HE5177

R

Xi Ro Xo R Xi Ro Xo R Xi Ro Xo R

Xi Ro Xo

“=7 KT 0.018 1
“—7 FIH 00180
“a7 FKF 0,018 7
“” FIEHE 0.018 8

0.0467 0.0181 0.0467 0.0174 0.1923 03117 2.6894 0.0186 0.1938 0.0177 0.0469 0.016 5
0.0467 0.0177 0.0469 0.0157 0.2321 03118 2.9339 0.0157 0.2319 0.0177 0.0469 0.0168
0.0464 0.0177 0.0469 0.0157 0.1145 03119 2.9056 0.0157 0.1146 0.0177 0.0469 0.016 1
0.0464 0.0177 0.0469 0.0157 0.1130 0.3166 3.1110 0.0157 0.1136 0.0177 0.0469 0.0187

0.1956 0.1988 0.7407
02251 0.1924 08321
0.1136 0.2118 0.6196
0.1138 02201 0.6715
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Table B3 Relative error of double-circuit cable parameters

Q/km
HEB17 5t PR s S X B 137525 e 2
.
iF: R Xi Ro Xo R X Ro Xo R X Ro Xo R Xi Ro X

—7 K 0.1 0.00 213 -053 1135 —4.17 9041 7055 1873 -338 —0.09 002 -1.68 034 3272 13.71
—” FiEH -034 008 -0.10 0.02 000 1563 9043 86.05 0.05 1561 —0.10 0.02 -0.03 1545 2844 2775
" K 0.00 0.00 -0.07 0.02 0.14 -0.06 9051 66.12 0.13 —-0.03 —0.07 0.02 1.24 025 2234 7.39
w7 R 015 -0.02  -0.08  0.02 042 -139 9340 7786 017 -089 —0.08 0.02 17.15 044 27.10 16.40
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