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Abstract: To investigate the motion and discharge characteristics of free metallic particles in the
horizontal insulating structure of a tank-type circuit breaker operating under service conditions, a
horizontal electric-field test platform was established. Stepwise AC voltage tests were conducted in 0.3
MPa clean dry air using a cluster of 0.8 mm spherical metallic particles. Particle trajectories, cluster
migration processes, and discharge phenomena were obtained via continuous CCD observation
combined with discharge-signal measurements. The results show that individual particles mainly exhibit
surface rolling and hopping, and short-range start—stop motions with frequent direction changes become

prevalent at high voltages. Cluster migration can be categorized into three modes—directional drift,
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local activation, and collision activation induced by electrode-emitted particles—and the dominant
mechanism switches in stages as the voltage increases. During voltage ramping, particle activity
increases with pronounced fluctuations, while dispersion grows in a stepwise nonlinear manner; a low-
activity window appears at approximately 18—28 kV, and above ~30 kV electrode emission is markedly
enhanced, leading to stronger transverse dispersion. Higher voltages also require longer times for the
particle cluster to reach a quasi-steady state. Overall, the migration of particle clusters on a horizontal
insulating surface under AC voltage is governed by the coupled effects of electric-field forces and
Coulomb interactions in a low-damping horizontal configuration across different field levels. These
findings provide experimental evidence for understanding the evolution mechanisms and assessing the
risk of particle defects in mechanism-chamber-type horizontal insulation structures.

Keywords: Eco-friendly GIS; mechanism chamber; metallic particle cluster; horizontal electric field;

AC voltage; migration mechanism; air corona; flashover
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