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Sheath Current in HV Cable Systems and Its On-line Monitoring for Cable Fault Diagnosis

YUAN Yanling', ZHOU Hao”, DONG Jie', SHI Xiaochuan’, MU Yong', TANG Zeyang’, ZHOU Chengke’
(1. Tangshan Power Supply Company, State Grid Jibei Electric Power Co., Ltd., Tangshan 100053, China;
2. Beijing Fujiaanda Electrical Technology Co., Ltd., Beijing 100044, China;
3. School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: Cable sheath currents can be utilized to identify cable faults at an early stage and avoid unplanned power out-
ages. We put forward a methodology to analyze the sheath currents in three-phase cross-bonded cable system with cable
link boxes under either normal or fault conditions. Firstly, we established a numerical model to analyze two selected joint
faults in detail. Then, on the basis of the calculation of a 1.5 km long 110 kV underground power cable system installed in
a cable tunnel, we proposed a set of criteria for the fault diagnosis and localization of 12 kinds of faults that could signifi-
cantly cause changes in sheath currents. The simulation results indicate that the sheath current decreases when the
open-circuit fault occurs in the cable sheath loop, however, in the case of flooded cable link box or insulation breakdown
between sheaths at both sides of a cable joint, the sheath current gets higher than its normal. According to the criteria, it is
able to determine and locate three kinds of cable faults, namely, sheath open circuit induced by loosen joints, flooded ca-
ble link box, and prefabricated epoxy component breakdown in joints, though the criteria may vary due to large changes
in earth resistance.

Key words: high voltage power cable; condition monitoring; sheath current; simulation; fault analysis; fault diagnosis
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Fig.1 Schematic diagram of three-phase cross-bonded cable
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Fig.2 Equivalent circuit diagram of three-phase cross-bonded

cable
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Fig.3 Schematic diagram of capacitive current
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Table 1 Parameters of cable
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Fig.4 Connection mode and structure of cross-bonded box
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sheath(the induced current is not shown in the figure)
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Table 2 Faults which can be detected from sheath current
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Table 3 Comparison of measured ratios and the expected ratios of sheath current
HBERZE (T — T/ (72— Ton)/ (73— T5n)/ (74— Tan)/ [(Ts—Tsn)/ (Ts—Ten)  ((Ki—Kin)  [(Ka—Kon)/ [(K3—K3n)/
5 i EN TN T TN N Kl Kol Kl
1 0.55 0 0.46 0 0.46 0.48 0.13 0 0.01
2 0.55 0.48 0 0.55 0 0.48 0.13 0.15 0
3 0 0.48 0.46 0.55 0.46 0 0 0.15 0.01
4 6.75 6.94 7.98 2.52 1.94 2.30 1.32 1.25 2.03
5 2.53 2.05 2.17 8.49 6.94 6.61 0.54 0.68 0.59
6 12.1 10.9 12.1 12.1 10.1 124 0.02 0.08 0.11
7 7.06 5.56 2.62 1.24 2.36 0.37 5.17 1.93 0.01
8 1.00 8.53 3.65 0.23 2.35 0.76 0.14 6.31 0.22
9 6.68 2.48 9.16 2.99 0.72 2.55 1.22 0.11 30.0
10 3.05 0.58 2.47 10.1 2.44 5.62 0.37 0.97 0.01
11 2.60 3.20 0.67 6.42 9.58 2.16 0.14 0.45 0.83
12 0.19 2.70 0.73 3.24 521 6.43 0.82 0.11 0.75
x4 BBEHETEIZNT K A ARTE
Table 4 Standard of cable fault diagnose and localization
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