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Application of BP Neural Network in Lighting Impulse Waveform Adjustment of
Power Reactor Based on L-M Method
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(1. Xi’an High Voltage Apparatus Research Institute Co., Ltd., Xi’an 710077, China;
2. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A reactor’s turn-to-turn insulation lightning impulse waveform parameter mathematical
optimization model has been established. In order to overcome the traditional BP neural network training
convergence is too slow and easy to fall into local minimum problems. Orthogonal experimental design
method together with BP neural network based on Levenberg-Marquardt method have been adopted to train
the experiment data and to find the optimum parameter combinations, and a precise standard lightning
impulse waveform has been obtained. Research results have certain significance to the actual test.
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Fig. 1 Test circuit of turn to turn insulation of a 50 mH

power reactor
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Tab. 1 Varying levels of each factor
HZE  CluF C. IpF R,/IQ RO RJOQ
A8fk  [0.5,1.0, [600,2 497, [20,50, [20,40, [20,50,
KFE 15201 4997,7 887] 130,300] 130,300] 80,130]
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AL A AARIERYS, O T A A 2 S 4]
AL B QR)E N B brek %L
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Tab. 2 Test set-up and objective function

SEse AR
i~ G

—5‘
C/lpF CL/pF R,/Q RiIQ RJQ Tipus Tlpus S

pa,
il

1 05 600 20 20 20 060 3.69 143
2 05 2497 50 40 40 114 1230 0.80
3 05 4994 130 130 80 220 29.38 1.25
4 05 7887 300 300 130 6.83 4247 4.84
5 10 600 50 130 130 1.10 6212 0.33
6 10 2497 20 300 80 4.07 4155 256
7 1.0 4994 300 20 40 147 22.08 0.78
8 1.0 7887 130 40 20 210 13.82 147
9 15 600 130 300 40 2,60 33.92 149
10 15 2497 300 130 20 143 22.67 074
11 15 4994 20 40 130 1.63 8541 1.07
12 15 7887 50 20 80 193 57.74 0.76

13 20 600 300 40 80 0.65 8159 1.09
14 20 2497 130 20 130 098 90.19 0.99
15 20 4994 50 300 20 503 29.92 359
16 20 7887 20 130 40 4.02 49.13 237
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Fig. 2 Neural network model
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Tab. 3 Experimental data for neural
network training (normalized)

R 2 Eﬁ
s PRIK
C C. R, R; R: S
1 -1.000 -1.000 -1.000 -1.000 -1.000 -0.512
2 -1.000 -0.479 -0.786 -0.857 -0.636 -0.792
3 -1.000 0.206 -0.214 -0.214 0.091 -0.592
4 -1.000 1.000 1.000 1.000 1.000 1.000
5 -0.333 -1.000 -0.786 -0.214 1.000 -1.000
6 -0.333 -0.479 -1.000 1.000 0.091 -0.011
7 -0.333 0.206 1.000 -1.000 -0.636 -0.800
8 -0.333 1.000 -0.214 -0.857 -1.000 -0.494
9 0.333 -1.000 -0.214 1.000 -0.636 -0.486
10 0.333 -0.479 1.000 -0.214 -1.000 -0.818
11 0.333 0.206 -1.000 -0.857 1.000 -0.672
12 0.333 1.000 -0.786 -1.000 0.091 -0.809
13 1.000 -1.000 1.000 -0.857 0.091 -0.663
14  1.000 -0.479 -0.214 -1.000 1.000 -0.707
15 1.000 0.206 -0.786 1.000 -1.000 0.446
16 1.000 1.000 -1.000 -0.214 -0.636 -0.095
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Tab. 4 Parameters of neural network
e AN A BB A A A FEEMEE RS2 2 Ry
c C. R, Ry R, FEE AR (ELAE FUE AR
1 -0.219 0.831 0.190 1.363 -0.151 0.834 1.559 0.107
2 -0.035 -1.329 0.422 0.641 0.333 0.428 -0.258
FEA YA 2L
3 -0.265 0.717 -0.536 -1.316 -1.114 0.224 -0.219
4 -1.336 -3.843 -0.458 -1.296 -3.395 1.445 -4.474 5
5 1.421 0.815 -2.147 -2.409 -1.715 -2.250 1.530
FEA Y B 24
6 0.639 0.440 -0.329 -0.362 1.390 -0.343 -0.574
7 -0.510 -0.063 -2.000 -0.717 -2.318 0.660 -1.637 9
8 0.397 1.363 1.631 -0.367 -1.360 0.673 -0.971
REA Y 2481
9 -0.170 -2.500 4.276 2.538 -2.816 4.158 4.500
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