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INFLUENCE OF INSULATOR MATERIALS AND SURFACE CONTAMINATION ON ELECTRIC FIELD DISTRIBUTION
USING PHYSICS-BASED SIMULATION AND ARTIFICIAL NEURAL NETWORKS
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Abstract:

High-voltage insulators are critical components in electrical power transmission and distribution systems,
providing electrical isolation between high-potential conductors and grounded structures. Under outdoor operating
conditions, insulator surfaces are frequently exposed to environmental contamination that alters their electrical
characteristics and distorts the surrounding electric field distribution, potentially increasing leakage current and the
risk of flashover. This study investigates the influence of insulator material properties and surface contamination
conditions on electric field behavior in medium-voltage systems (11-22 kV) using physics-based simulations
implemented in COMSOL Multiphysics based on the finite element method. Three commonly used insulator
materials—porcelain, glass, and polymer composite—are analyzed under multiple contamination scenarios,
including natural dust, industrial particulate contamination, and bird droppings, each characterized by different
electrical conductivity and dielectric properties. The analysis focuses on key parameters such as maximum electric
field intensity, surface potential distribution, and electric field profiles along the creepage distance. Simulation

results indicate that contamination layers significantly modify local electric field concentrations, with industrial
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particulate contamination containing conductive metallic compounds increasing peak electric field intensity by up
to 66.67%. Field enhancement is particularly pronounced near metallic fittings and shed edges. Among the
evaluated materials, polymer composite insulators demonstrate a more uniform electric field distribution
compared with porcelain and glass under identical contamination conditions. To further enhance predictive
capability, an artificial neural network (ANN) model is developed using simulation data as the training dataset,
enabling rapid prediction of maximum electric field intensity with high accuracy relative to numerical simulation
results. The findings provide insights into the coupled effects of material properties and environmental
contamination on electric field behavior and highlight the potential of combining physics-based modeling with
data-driven approaches for improved insulator performance assessment.
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