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Abstract: As a crucial technical approach for ensuring the operational reliability of ultra-high voltage (UHV) transmission lines, live working
necessitates the selection of safe and efficient equipotential entry paths. Addressing the limitations of current optimization criteria for
equipotential access paths—particularly their singular evaluation standard and negligence of electric field distribution and discharge
characteristics—this paper proposes a hybrid Particle Swarm Optimization-Artificial Fish Swarm Algorithm (PSO-AFSA) path optimization
model incorporating a segmented evaluation function. Initially, a finite element simulation model of 1 000 kV cat-head tower transmission lines
was established, with its accuracy validated through comparative analysis with on-site experimental data. Subsequently, based on conventional
path electric field distribution patterns and combined air gap discharge characteristics, a segmented evaluation function was developed using
E.ov as the threshold for electric field distortion demarcation, integrating field distortion severity, path parameters, and field intensity metrics.
Ultimately, through systematic analysis of field intensity extremes and distribution patterns at both ground potential and equipotential states
during different postural transitions of operators across various phase entries, as well as radial distance-dependent field distribution
characteristics during outer-phase and middle-phase access processes, an optimized equipotential entry path solution was achieved by
synergizing the global optimization capability of PSO with the local optimum-escaping strength of AFSA. Comparative studies with
conventional path optimization methods demonstrate that the proposed approach reduces unnecessary displacements in low-field-intensity
regions under identical evaluation models, achieving an average 32.865% reduction in evaluation function values—thereby conclusively

verifying its technical feasibility for equipotential path optimization.
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