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Research on flashover prediction method of catenary insulator based

on IDBO-BP
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Abstract: In order to obtain the critical pollution lightning pressure of catenary composite insulators quickly,
reduce the workload of artificial pollution test, and provide guidance for the anti-pollution flashover work of
catenary lines, a multi-strategy improved Beetle optimization algorithm (IDBO) was proposed to optimize BP
neural network to establish the critical pollution lightning pressure prediction model of catenary composite
insulators. The artificial pollution test of 10 kinds of composite insulators was carried out to obtain the relevant
test parameters. Spearman correlation coefficient method was used to select five parameters, such as umbrella
spacing S, large umbrella extension P, small umbrella extension P,, equivalent salt attachment density pgspp
and type factor f, which are highly correlated with the critical pollution lightning voltage of composite
insulators, as the input of the prediction model to obtain the predicted critical pollution lightning voltage of
composite insulators. Finally, through the comparison of multiple models, it is concluded that the optimized

IDBO-BP model can accurately predict the critical pollution lightning voltage of composite insulators, which
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provides a new methodology for improving the operational reliability of composite insulators of catenary lines

and a new idea for reducing the workload of pollution flashover test.

Key words: Composite insulator; Pollution composition; Prediction of critical pollution lightning pressure;

Dung beetle optimization algorithm ; BP neural network
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Fig.1 Distribution of initial population
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Fig.3 Test schematic diagram
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FQXS—25/120—QT 799 1400 78 145/115

FQX—25/120—QH 738 1600 78 145/115
FQX—25/120—QT 778 1600 78 145/115
FQB—25/12—Xob 760 1600 51 192/140
FQB—25/15—Xoc 785 1600 55 185/135
FQD—25/8—eg 769 1600 78 145/115
FQD—25/20—EB 800 1600 78 145/125
FQD—25/20—HY 864 1600 31 90/72

FQD—25/8—cg 811 1600 78 145/115
FQB—25/8—760A1 760 1600 50 161/116
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Table 2 Part test data
W ECE SRR Ppspp /(mg cm?) onsop /(mg em?) Uy /kV i AR 22 o/ %o
0.05 2.0 48.1 4.83
0.10 2.0 44.7 4.12
1 FQXS—25/125—HH 0.15 2.0 40.5 4.55
0.20 2.0 36.9 3.80
0.25 2.0 32.5 4.25
0.05 2.0 48.5 4.73
0.10 2.0 43.9 4.85
2 FQB—25/12—Xob 0.15 2.0 40.7 3.47
0.20 2.0 33.4 4.57
0.25 2.0 28.7 3.66
0.05 2.0 58.9 4.35
0.10 2.0 55.2 4.29
3 FQD—25/8—cg 0.15 2.0 50.5 3.15
0.20 2.0 45.1 3.94
0.25 2.0 40.5 4.23
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Table 3 Analysis of the Spearman correlation coefficient of variables

Wi H Dm /mm L /mm P,/mm S /mm ¥ P,/mm Orspp / (mgeem? )
LIPS 0.4134 0.4318 0.7594 0.8421 0.7136 0.6478 0.7837
5 E 0.143 0.034 0.000 0.000 0.000 0.008 0.000
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Fig.4 Post optimization architecture of BP neural networks with IDBO
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Fig.5 Flowchart of the IDBO algorithm for neural network optimization
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Table 4 Training steps and mean squared error for dif-

ferent hidden layer neuron counts

FEM G I EPOCHS MSE/10"*
5 158 0.915 65
6 121 0.918 27
7 73 0.919 42
8 104 0.919 42
9 118 0.912 19
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ot 25 T 245 1 i A 3 7 B2 Y X G, HG b R N B R
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TR H B 235 N B A e, R W IL AT RE B A
TR AL A# . IDBO-BP 83k W S08 R 12 (29 11
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Fig.6 Optimal fitness progression curves of two optimization algorithms
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