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Method of cable incipient faults detection and identification based on multi-scale wavelet
criterions and time-frequency feature association
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Abstract: Main power cable incipient faults are single phase short circuits with short duration and little effect on system
operation, so the detection of cable incipient faults is needed to avoid them develop into permanent faults. The phase
current characteristics of cable current caused by different disturbances are compared and the incipient faults current
characteristic quantities are extracted by multi-scale wavelet transform, and fault current high frequency detail coefficients,
low frequency approximation coefficients and the maximum module are taken as compound criterions to detect the
transient process of cable over-currents. The time-frequency eigenvectors of cable incipient faults are created and the gray
correlation analysis is used to obtain the relevancy of fault currents between fault currents of under-test and standard cable
incipient faults in order to identify the incipient faults. At last, the cable line model is built in PSCAD/EMTDC, and the
correction of the proposed method is verified by simulation analysis.
This work is supported by National Natural Science Foundation of China (No. 51277184).
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Fig. 1 Three-phase current of feeder cable under

different types of short circuit fault
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Fig. 3 Three-phase current of feeder cable by

load switching and motor starting
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Fig. 7 Detection results of multi-cycle incipient fault
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Table 3 Detection results of starting and ending times of

multi-cycle incipient fault

{5588 f1a/s todls To=(tra—t12)/s
N Rggi 00453 0.0925 0.0472
etk ZAaXFiEZE 0.0003  0.0005 0.000 2
(5L 60 dB KgE R 0.0453  0.0925 0.047 2
AaXfiEZE 0.0003  0.0005 0.000 2
(UL 40 B g 0.0453  0.0932 0.0479
ZaXFiEZE 0.0003  0.0012 0.000 9
(UL 20 B Mg R 0.0453  0.0939 0.048 6
ZaXFiEZE 0.0003  0.0019 0.001 6

F 4 BHERTRAENFRA R
Table 4 Detection and classification results of

cable transient over-currents

oSO R E IE %

Bl WAL
TG S 60 dB 40 dB 20 dB
2 JE U 90 89/98.9% 88/97.8% 85/94.4% 82/91.1%
% JR B 120 120/100%  119/99.2%  118/98.3%  118/98.3%
JoA R % 100 100/100% 98/98% 98/98% 98/98%
A A
. 30 28/93.3%  28/93.3% 28/93.3% 28/93.3%
B i)
A A
P 35 34/97.1%  34/97.1% 34/97.1% 34/97.1%
A
1547 50 49/98% 49/98% 49/98% 48/96%
AL S) 25 24/96% 24/96% 23/92% 23/92%
UitCE ] 30 21/70% 18/60% 16/53.3% 15/50%
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Table 5 Entropy weights and relation analysis results of half-cycle and multi-cycle incipient fault

b Eq1 Eqo Eq;3 My, Mo M3 Res Iy Iy 1 T, Ty T. Sk
KB w/s 0.087 0.075 0.036 0.072 0.054 0.026 0.043 0.092 0.087 0.075 0.122 0.113 0.118

A AP E /s 0.834 0.769 0472 0951 0947 0.788 0.352 0.983 0956 0.942 0937 0.938 0.951 0.879

2 B Al Eofs 0.077 0.054 0.048 0.013 0.062 0.097 0.089 0.002 0369 0.879 0.022 0.021 0.902 0.233
J& C FHF e &/ 0.067 0.053 0.046 0.009 0.063 0.083 0.075 0.002 0906 0.346 0.022 0913 0.023 0.234
W AB fEBKEHNE /s 0.018  0.029  0.028  0.012  0.019 0.017 0.023 0.632 0014 0.012 0.001 0.002 0.002 0.069
LR BEY) E7/s 0.512  0.531 0.299 0.268 0.162 0.121 0.002 0.015 0.021 0.025 0.005 0.004 0.007 0.133

A MZ B ESs 0.863 0.871 0.562 0.957 0986 0.904 0.531 0.995 0962 0.989 0975 0.966 0.978 0.922

% B 2 JiiH &s/s 0.113 0.167 0.131 0.059 0.033 0.041 0.062 0.001 0313 0.969 0.099 0.052 0971 0.269
J& C 2 A /s 0.156 0.161 0.217 0.067 0.031 0.031 0.074 0.002 0978 0.252 0.091 0.941 0.063 0.273
W AB FEBKENE /s 0.025  0.038  0.027  0.518 0217 0.153  0.032 0.573 0.033 0.035 0.002 0.002 0.002 0.119
LR BEY) E7/s 0.478 0.561 0.352  0.323 0.255 0.286 0.005 0.032 0.028 0.027 0.008 0.007 0.008 0.151
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