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Calculation and Analysis of Circulating Current in Metal Sheath for HV Cable Considering
Leakage Current and Interlayer Coupling
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Abstract: There is leakage current between the core and the metal sheath in high voltage (HV) cables. The current anal-
ysis and calculation of sheath circulating current has not accurately accounted for its influence. Therefore, we propose a
calculation method for circulating current of metal sheath in HV cables considering leakage current and interlayer cou-
pling. Firstly, the equivalent calculation model of sheath circulating current based on the double © model of the cable with
lumped parameter is established. When analyzing the effect of leakage current, the electromagnetic induction between the
core and sheath and between different sheaths is considered. Then, the calculation process of sheath circulating current at
the monitoring point and any position considering leakage current and interlayer coupling is deduced by the superposition
principle. Finally, the simulation models under different arrangements and segment length combinations are built based on
PSCAD/EMTDC, and calculation results are verified combined with an engineering cases. On this basis, the influences of
load current, segment length combination and arrangement on circulating current of sheath are analyzed. The results show
that the deviation between sheath circulating current obtained by this method and simulation value is mostly within 1%
and the engineering case analysis also verifies its accuracy; in addition, attention should be paid to the phenomenon that
circulating current exceeds the standard at light load and the important influence of segment length combination to sheath
circulating current in projects. The above methods and analysis results have certain reference significance for cable design,
operation detection, fault diagnosis and location.

Key words: HV cable; double © model; cross-bonding; interlayer coupling; leakage current; circulating current of sheath
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Table 2 Comparison of circulating current at monitoring points calculated by various methods and simulation results when arranged

in equilateral triangle

o 15 H A 1528 SCE IR 2 5 AR 2 S E A

Bk/m  RAT5E
La/A  Ip/A IgyA L/A L/A LaslA LaVA laA L/A Ip/A IplA Ips/A
Tk 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63
k2 9.96 9.96 9.96 6.98 6.98 6.98 9.15 9.15 9.15 9.80 9.80 9.80
730 I3 1145 1145 1145 8.46 8.46 8.46 10.54 1054 1054 1130 1130 1130
650, QREEKiE 1146 1146 1146 8.47 8.47 8.47 1059 1059 1059 1128 1128 1128
O ik B 2469 2469 2469 1.89 1.89 1.89 1851 1851 1851 2349 2349 2349

T2 R E%  13.09 13.09 13.09 17.59 17.59 17.59 13.60 13.60 13.60 13.12 13.12 13.12
JiE 3 AR%E%  0.09 0.09 0.09 0.12 0.12 0.12 0.47 0.47 0.47 0.18 0.18 0.18

Jiiki2 0 0 0 0 0 0 0 0 0 0 0 0

T3 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70 1.70
200. Jiik 4 3.08 3.08 3.08 0.88 0.88 0.88 223 223 223 3.08 3.08 3.08
700. 1 BAH 3.07 3.07 3.07 0.87 0.87 0.87 223 223 223 3.07 3.07 3.07
700 JE1REY% 100 100 100 100 100 100 100 100 100 100 100 100

Tk 2 RE%  44.63 44.63 44.63 95.40 95.40 95.40 23.77 23.77 23.77 44.63 44.63 44.63
T3 ARE% 033 0.33 0.33 1.15 1.15 1.15 0 0 0 0.33 0.33 0.33
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Table 3 Comparison of circulating current between calcula-

tion and simulation results at different locations

ax ik Ixd/A /A Ixd/A
AR HAE 7.78 12.99 11.08

0.4 LE=XE] 7.93 13.08 11.10
RZE % 1.89 0.69 0.18

AR HAE 6.60 11.78 9.86

0.8 i FAH 6.57 11.83 9.85
WE% 0.46 0.42 0.10

F 4 UROTEES TR R
Table 4 Comparison of circulating current between calculated

and measured values in an engineering site

SHAHR B
AH B #l CH
Jiid 1 EAE/A 0.13 0.26 0.19
Jik 2 HEAE/A 1.35 1.49 1.42
Jik 3 T EAE/A 2.79 2.55 245
& fE/A 2.20 220 220
T 1R ZE % 94.09 88.18 91.36
T 3 WREI% 38.64 3227 35.45
T 3 WREI% 26.82 15.91 11.36
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Circulating current curve at different positions in the sheath circuit
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Table A1 Comparison of circulating current at monitoring points calculated by various
methods and simulation results when arranged horizontally
o 1 5 EAAEHA 1 SR CHIA 2 SN HEAE 2 5 H A
Bk/m  RHATE
Ia/A  Lp/A  Lu/A Ii/A  ILadA  Ias/A Io/A  I;/A Ias/A I;/A  IplA  Ipy/A
Fik 1 5.95 11.56 9.39 5.95 11.56 9.39 9.39 5.95 11.56 11.56 9.39 5.95
ik 2 7.13 12.95 10.89 429 9.94 7.83 9.62 6.77 11.93 12.80 10.79 6.94
730. JivE3 8.97 14.21 12.30 6.02 11.17 9.25 11.07 8.28 13.08 14.07 12.19 8.80
650, 1 BAE 9.07 14.28 12.33 6.14 11.25 9.29 11.13 8.32 13.17 14.14 12.21 8.88
770 E1REY% 3440 19.05 23.84 3.09 2.76 1.08 15.63 28.49 12.22 18.25 23.10 33.00
E2RE% 2139 9.31 11.68 30.13 11.64 15.72 13.57 18.63 9.42 9.48 11.63 21.85
V5 3 ARE% 1.10 0.49 0.24 1.95 0.71 0.43 0.54 0.48 0.68 0.50 0.16 0.90
5k 2 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Jik3 1.19 2.92 1.84 2.92 1.84 1.19 2.92 1.84 1.19 2.92 1.84 1.19
700. ik 4 2.55 4.25 3.19 1.53 227 0.62 3.55 1.41 2.23 4.25 3.19 2.55
700, 1 BAH 2.54 423 3.18 1.51 2.26 0.62 3.53 1.41 2.22 4.23 3.18 2.54
700 V5 1iRE% 50.79 70.45 60.69 17.22 44.69 101.61 64.59 11.35 43.69 70.45 60.69 50.79
V52 RE% 53.15 30.97 42.14 93.38 18.58 91.94 17.28 30.50 46.40 30.97 42.14 53.15
53 REI% 0.39 0.47 0.31 1.32 0.44 0 0.57 0 0.45 0.47 0.31 0.39
® A2 EHAHSIN & I7 % BRI SRR A A R
Table A2 Comparison of circulating current at monitoring points calculated by various
methods and simulation results when arranged in a right angle
Em R 15 EHARHA 1 S HIRA 2 SRXCHIRA 2 SHEEMAE
Ion/A Ig/A Ii3/A La/A Lio/A Li3/A Io/A In/A I3/A Ipi/A Igo/A Ig3/A
Jik1 7.21 10.13 9.01 721 10.13 9.01 9.01 721 10.13 10.13 9.01 7.21
Jiiki2 8.49 11.50 10.44 5.56 8.50 7.40 9.37 7.87 10.58 11.34 10.32 8.31
730. Fi%3 10.17 12.86 11.90 7.20 9.85 8.87 10.81 9.36 11.84 12.72 11.77 10.01
650, PiFfa 1020  12.94 11.90 7.24 9.94 8.88 10.80 9.40 11.93 12.79 11.78 10.03
770 5 1RZE% 29.31 21.72 24.29 0.41 1.91 1.46 16.57 23.30 15.09 20.80 23.51 28.12
V5 2R E% 16.76 11.13 12.27 23.20 14.49 16.67 13.24 16.28 11.32 11.34 12.39 17.15
V53 RE% 0.29 0.62 0 0.55 0.91 0.11 0.09 0.43 0.75 0.55 0.08 0.20
Jdi 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62
ik 2 1.32 2.30 1.66 2.30 1.66 1.32 2.30 1.66 1.32 2.30 1.66 1.32
700. Jiik 3 2.81 3.65 3.04 1.16 1.57 0.18 2.87 1.82 2.10 3.65 3.04 2.81
700, Pl 2.80 3.64 3.05 1.14 1.57 0.17 2.86 1.83 2.10 3.64 3.05 2.80
700 HEIREM 7786 8297 79.67 4561 6051 26471 7832 66.12 7048 8297 7967  71.86
W2 REI% 52.86 36.81 45.57 101.75 5.73 676.47 19.58 9.29 37.14 36.81 45.57 52.86
V5 3 ARE% 0.36 0.27 0.33 1.75 0 5.88 0.35 0.55 0 0.27 0.33 0.36
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