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Fault location of cross connecting cable based on fault component difference of along current
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Abstract: In order to solve the complicated fault location problem for long distance high voltage cables using cross
interconnection grounding method, a fault location method for cross interconnection cables based on the fault components
difference distribution along the current is proposed. First, the cable fault section is determined by the sheath circulation
before and after the fault occurs. Second, considering the coupling relationship between the core and the sheath, the
voltage and current equations along the cable when faults occur in different sections are derived based on the double n
model. On this basis, the fault distance is obtained by solving the fault component difference function zero, and the fault
distance is modified by the tangent equation. Finally, a cable fault model is built to verify the ranging method. The results
show that the proposed method location error is about 1%, which has a high accuracy, and has a certain reference
significance for the fault location of cables using the cross-connected grounding mode.
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Fig. 1 Cable section structure diagram
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Fig. 2 High-voltage cable cross-interconnection

grounding method
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Fig. 3 Equivalent grounding model of cable cross interconnection
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Fig. 4 Current distribution measured in A1-B2-C3

loop of cable sheath
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Table 1 Corresponding relationship between characteristic
current of cable section sheath and the difference

of measured current
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Fig. 5 Schematic diagram of the electrical volume in each section when the A1 section of the three-phase cable fails
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Fig. 6 Coupling relationship between core and sheath in

case of three-phase cable failure
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Fig. 7 Fault component distribution in case of cable failure in section A1l
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Fig. 9 Fault location process of cross-connected cable based on

current fault component difference
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Table 2 Cable simulation parameters

HASH ¢l BB HH
A4/ mm 342 LR ENE/mm 78.6
2 A5 i R /mm 2.0 LR ESME/mm 82.6
Y 2% JE 1 /mm 16.0 | XLPE HIXf /s # 23
HL4i4ME/mm 94.0 K Hb HE B 2/(Q-m) 100
LNHEAZ/(Qm)  1.68x107°| PEHMAZE/(Qm)  2.8x107°
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Table 3 Cable fault judgment results in section Al
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Fig. 10 Zero point solution results of cable

Al section failure
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Fig. 11 Difference value of fault components of voltage

along the cable when A1 section fails
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Table 4 Location results under different fault types and fault distances
) HE PE B9 /m
e 28 Y
130 210 370 430 570 630 770 810 970 1030
MFELE R /m 129.69 210.66 366.74 430.6 571.08 532.41 775.1 806.16 470.17 1030.58
LR B R
WP R /% 0.017 0.036 0.18 0.033 0.06 0.13 0.69 0.21 0.0093 0.032
WFEZE R /m 132.41 213.27 372.15 434.72 573.85 630.48 769.23 807.94 970.51 1035.02
Lt SR W P
WFERZE /% 0.13 0.18 0.11 0.26 0.21 0.027 0.042 0.11 0.028 0.28
) MFELE R /m 130.24 223.19 370.93 428.72 575.45 637.34 772.01 817.66 973.42 1030.99
)2 P
MEERZEY%  0.013 0.73 0.051 0.071 0.3 0.41 0.11 0.43 0.19 0.055
&5 NEIEBEEMETHMELR
Table 5 Ranging results under different fault resistances
- PR PE 25 /m
ELiNivie)
170 290 330 470 540 670 710 870 930 1070
20 WFE 45 F/m 178.37 290.54 334.95 462.38 548.97 670.04 709.83 869.01 928.51 1070.1
WIEE R 72/ % 0.46 0.03 0.27 0.42 0.49 0.0022 0.0089 0.055 0.082 0.006
50 W 25 F/m 175.18 293.41 331.44 474.98 549.56 669.67 710.05 870.55 930.16 1068.33
WIFE 1R 2/ % 0.28 0.19 0.08 0.27 0.53 0.01 0.0031 0.03 0.0093 0.092
%0 WFEZE A /m 174.93 290.08 338.96 470.18 540.35 668.47 711.3 868.98 930.12 1068.91
WPERZ/% 0.27 0.0044 0.49 0.01 0.019 0.084 0.072 0.056 0.0067 0.06
100 WMFE 25 R /m 178.44 290.87 339.03 472.14 540.15 668.44 708.73 869.02 929.82 1070.15
WPERZ /% 0.47 0.048 0.5 0.12 0.0086 0.086 0.07 0.054 0.0098 0.0085
150 WFE 45 F/m 165.39 290.11 339.03 475.19 545.45 670.31 708.43 870.06 930.12 1068.92
WFE 15 22/ % 0.85 0.0061 0.5 0.29 0.3 0.017 0.087 0.0032 0.0067 0.059
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Fig. 12 Error of ranging results under different

initial phase angles

BHEE 12 WA, i for B 5 i 4 % 9 g
AT AT AL 71 % e o o7 WG S5 R R A K, E AR R
PR ZEAHIT 1%,

2 H 2 A R 2R R O 2R -1 R R .
FLRH A 15 Q. WA MR 0o, AS[RIE RS 254 R
WA I i R 22 N P 13 BT o

—s— M+ 50dB
—-%--30dB 60 dB

1.0+ —x -40dB —e—70dB

D EEARZE /%

5 L L L L L L L L
0 200 400 600 800 1000 1200 1400 1600 1800
R S /m

13 NEMEAE THINEEIRE

Fig. 13 Error of ranging results under different noises
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Table 6 Comparison of results of different

cable ranging methods

Jidi— Jivk k=
T T i T i i

[
FEB/m

FER/m  iR%E/%  FER/m  RE/%  HEE/m REY%
50 417.3 20.41 234.7 10.26 50.78 0.043
100 410.8 17.27 232 7.33 100.23 0.013
150 450.84 16.71 260 6.11 150.56 0.031
250 554.96 16.94 319.2 3.84 252.67 0.14
350 605.3 14.18 403 2.94 350.98 0.054
450 685.6 13.09 484.9 1.93 455.78 0.32
550 785.03 13.06 578 1.56 550.09  0.0049

650 694.16 2.44 658.6 0.48 651.46 0.081
750 765.6 0.87 766.8 0.93 750.45 0.025
850 866 0.89 862.4 0.69 852.67 0.15
950 964.5 0.8 962 0.67 950.25 0.013
1050 1135.6 4.75 1075.07 1.39 1056.7 0.37
1150 1303.5 8.52 1174.2 1.34 1154.78 0.26
1250 1403.87 8.54 1277.8 1.54 1256.7 0.37
1350 1614 14.67  1382.87 1.83 1350.56  0.031
1450 1790 18.89 1704.6 14.14  1453.87 0.21
1550  2104.5 30.8 1806 14.22 1550.6 0.033
1650 2376 40.33 2050 22.22 1654.7 0.26
1750 2544 44.11 2154.6 2248  1754.52 0.25
1790 2766 54.22 2227 2428  1798.26 0.45
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