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Optimization of four-circuit wire arrangement based on improved BP neural

network and multi-objective particle swarm optimization algorithm
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(1.Shandong Electric Power Engineering Consulting Institute Co., Ltd., Jinan 250013, China;

2. School of Electrical Engineering, Shandong University, Jinan 250012, China)

Abstract: The multi-circuit line configuration can effectively solve the problems in line reconstruction and construction
amidst the increasing shortage of transmission corridors. The conductor spatial arrangement and phase sequence
determination for long-distance transmission lines pose great challenges in the design and maintenance of overhead
transmission systems. This paper utilizes the ATP-EMTP simulation software to build a model of 500 kV four-circuit
transmission line on the same tower, and simulates the induced voltage and current values with different line lengths,
tower spacings, vertical and horizontal inter-circuit gaps, phase sequence arrangements, and tower nominal heights.
Employing a BP neural network optimized by genetic algorithm, this paper achieve to predict the induced voltage and
current values under unknown conductor spatial arrangements and phase sequences. Subsequently, according to the
relevant electromagnetic environment control criteria, the multi-objective particle swarm optimization algorithm is used to

optimize the conductor layout and phase sequence arrangement for overhead transmission lines. This process yields a
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four-circuit conductor arrangement meeting the electromagnetic environment requirements, thus providing a reference for

the selection of substation grounding switches.

Key words: spatial arrangement; phase sequence arrangement; genetic algorithm; BP neural network; multi-objective

particle swarm algorithm
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Figure 1 Schematic diagram of simulation model and
LCC module of 500 kV four-circuit transmission

line on the same tower
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Figure 2 Influence of line length on electrostatic coupling

M—
= L J N HL TR 124
2.0 4 0L R
o o B 7 L e
L Ve
1.8 e 122
Z 16 g <
2o . 20 5
*EJ . ’},D'D—D'/QLD* Oo—0o—=0 E[J
-
1.2r e 118
1.07.//
0.8 116
20 25 30 35 40 45 50 55

K /km
3 &K E A EEAR AR R ¥R

Figure 3 Influence of line length on electromagnetic coupling
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Figure 4 Influence of horizontal spacing change

on electrostatic coupling
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Figure 13 The optimized BP neural network training

regression diagram
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Table 5 Comparison of model errors before and

after optimization
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Table 7 Layout scheme optimized by MOPSO algorithm
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