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Lightning strike fault location based on adaptive Kalman filter residual analysis

Xl Yanhui, HU Kang, WANG Kang
(School of Electrical and Information Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: Lightning strikes are a significant cause of transient, faults and outages in electric power transmission and
distribution systems. To improve the accuracy and reliability of lightning stroke fault detection in a noisy environment, a
locating method based on Kalman Filter Maximum Likelihood (KF-ML) is proposed. First, short-circuit faults and
lightning faults are distinguished by comparing the difference of transient characteristics between their currents. The filter
residual will show a sharp singularity when the traveling wave arrives. In addition, the lightning strike side and fault side
can be determined by comparing the time when the initial traveling wave reaches both ends. In accordance with the
two-terminal distance measurement method, the distance of the lightning strike point can be calculated. The fault distance
can be obtained by calculating the time that the initial lightning wave reaches the fault side and the time of the reflected
wave from the fault point. The simulation analysis of the simulated lightning current shows that this method can
effectively detect the traveling wave head and apply it to the lightning strike location and fault location test under different
conditions, and the sensitivity is high.
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Table 1 Position results obtained using KF-ML at
different lightning strike points

Liy/km Ly, /km M, M, N,
50 50 1343 1348 2013
40 40 1275 1410 2079
30 30 1207 1477 2146
20 20 1140 1543 2208
10 10 1073 1609 2274
dy/km dg,/km Ad,/km  Ad,%  Ad.,/km  Adg,%
49.750  50.125 0.250 0.125 0.125 0.063
39.700  49.825 0.300 0.150 0.175 0.088
29575  49.825 0.425 0.213 0.175 0.088
19.900  50.125 0.100 0.050 0.125 0.063
9.925 50.125 0.075 0.038 0.125 0.063
d/km di,/km Ad,/km  Ad,,% Ad;,/km Ad;,%
50267  50.638 0.267 0.134 0.638 0.319
40321  50.341 0.321 0.161 0.341 0.171
30300  50.341 0.300 0.150 0.341 0.171
20.724  50.638 0.724 0.362 0.638 0.319
10.852  50.638 0.852 0.426 0.638 0.319
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Fig. 6 Estimating residuals using KF-ML at
different lightning strike points
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Table 2 Position results obtained using KF-ML at different
lightning strike points

Loy /km Ly, /km M, M, N,

150 150 2013 1343 1348

160 150 2080 1275 1409

170 150 2 145 1207 1477

180 150 2208 1140 1543

190 150 2273 1074 1609
dy/km dg,/km Ad,/km  Ad,% Ad.,/km Ad.,%
150.250  149.875 0.250 0.125 0.125 0.063
160.350  150.325 0.350 0.175 0.350 0.175
170.350  150.100 0.100 0.050 0.100 0.050
180.100  149.875 0.125 0.063 0.125 0.063
189.925  149.800 0.200 0.100 0.200 0.100
diw/km di,/km  Ad,/km  Ad[,%  Ad;,/km  Adi,%
149.733  149.362 0.267 0.134 0.638 0.319
159.754  149.807 0.246 0.123 0.193 0.062
169.626  149.584 0.374 0.187 0.416 0.208
179.276  149.362 0.724 0.362 0.638 0.319
189.000  149.287 1.000 0.500 0.713 0.357
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