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Abstract: To control the operational risks posed by free metallic particles in the horizontal
insulation structures of mechanism compartments in air-insulated eco-friendly GIS, the migration
and discharge behavior of 0. 8 mm spherical particle groups in compressed air at 0. 3 MPa under an
AC horizontal electric field is analyzed by continuous CCD imaging and time-resolved discharge
signal measurements. Diffusion indices are calculated to clarify the influence of voltage on the

migration characteristics, and a force model is established to reveal the mechanism of migration-
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mode transition. The results show that the voltage-dependent migration behavior of the particle
groups can be classified into three modes: directional drift, local activation, and electrode-
emission-induced collision activation. During highly active stages, the particles undergo multiple
bouncing collisions within several cycles, increasing the probability of flashover initiation. As the
voltage increases, the particle diffusion rate and motion activity exhibit stepwise increases. The
diffusion rate in the X-axis direction is much higher than that in the Y-axis direction under the
electric field, the time required for the particle groups to reach equilibrium becomes longer, and
the equilibrium stability decreases under corona disturbance. Particle migration in the AC
horizontal electric field is governed by the stage-dependent coupling of the electric force and
Coulomb interactions under low-damping horizontal-motion conditions. The results provide
experimental evidence and a theoretical reference for understanding the mechanisms of particle

defects and assessing their risks in horizontal insulation structures of mechanism compartments.

Keywords: compressed air; metallic particle groups; horizontal electric field; migration mechanism;

air corona
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individual particles
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Fig. 8 Particle collision and charge-exchange process
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Fig. 9 Oscillatory drift process of the particle cluster
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Fig. 10 Local activation process of the particle cluster
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Fig. 13 Particle motion triggered by surface flashover
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Fig. 14 Effect of voltage amplitude on particle dispersion
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Fig. 15 Effect of voltage amplitude on particle activity
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Fig. 16 Effect of voltage amplitude on migration modes
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