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Fig.1 Characteristic curve of opening and closing coil currents
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Fig.2 Structure of CNN
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Table 1 Representation of fault type outputs
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Fig.3 Flowchart of fault diagnose based on
CNN algorithm for HV breaker
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Fig.4 Waveforms of opening and closing coil currents
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Table 2 Partial training samples

J=7. NE2= I,/A I,/A I;/A t,/ms t,/ms t3/ms ty/ms ts/ms ol el s =s
1 1.61 1.15 2.16 24.54 37.76 43.49 43.50 50.32 1
2 1.64 1.15 2.20 24.67 37.76 43.37 43.86 51.05 1
3 1.27 0.89 1.79 23.60 36.77 42.17 45.80 49.98 2
4 1.27 0.98 1.86 26.06 36.46 42.19 45.77 50.03 2
5 1.59 1.15 2.17 30.21 43.08 49.54 52.62 55.79 3
6 1.64 1.10 2.24 30.12 43.31 49.06 52.19 55.96 3
7 1.60 1.10 2.09 24.27 37.56 43.56 51.08 54.31 4
8 1.60 1.10 2.17 24.97 37.26 43.39 51.08 54.41 4
9 1.64 1.13 2.20 24.06 39.99 42.89 45.87 49.77 5
10 1.64 1.13 2.20 24.86 39.08 42.96 45.77 49.89 5
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Table 3 Partial testing samples
(s NE2= I,/A I,/A I;/A t;/ms t,/ms t3/ms t,/ms ts/ms ol eSS
1 1.63 1.15 2.20 24.59 37.76 43.57 43.57 50.35 1
2 1.29 0.92 1.82 23.76 36.59 42.26 45.81 49.98 2
3 1.59 1.05 2.27 30.12 43.55 49.21 52.33 55.87 3
4 1.60 1.13 2.17 24.28 37.43 43.36 51.11 54.39 4
5 1.64 1.13 2.20 24.15 39.73 42.82 45.94 49.82 5
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Fig.5 Testing results of CNN model
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Table 4 Results of comparison among algorithms
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2 1 81.80 90.90 90.90
3 8 87.50 100 87.50
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5 11 90.90 81.80 100
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Fig.6 Curve of mean square error
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Fig.7 Waveforms of opening and closing coil currents
obtained by field monitoring
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Table 5 Parameters of opening and closing coil currents

WE/ fi PR, ERY

(m-s™") mm mm mm

W WE/ms /A

Pl 24.53 1.13 6.23 208.0 191.19  16.81
A 49.69 2.20 3.18 208.0 177.80  30.19
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Fig.8 Interface of results display by expert software
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Table 3 Correlation factor analysis of fault characteristics
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Table 4 Sample quantity of each risk level
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Table 5 Early warning results of fault risk
level for distribution network
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