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Particle Motion under Typical Vibration Excitation of Live Operation
Based on Energy Method
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Abstract Gas insulated switchgear (GIS) faults occur frequently after live operation, and according to
statistics, the faults after live operation account for 60% of the total. The strong shock vibration generated by GIS
live operation not only produces metal contaminants, but also activates latent particles, which seriously affects the
insulation safety of GIS. The physical effects generated by GIS live operation are complicated, mainly including
shock vibration, overvoltage, residual voltage and other physical effects. The mechanism by which the particles
inside the GIS are affected by switching operation is unknown and is extremely dangerous. The mechanism of
switching operation on particles in GIS is unknown and extremely dangerous.

In order to solve the problem that particles are prone to discharge after live operation, and to clarify the
motion mechanism of spherical metal particles in GIS after impact vibration, this paper carries out the following
work: firstly, we study the propagation process of vibration inside the cavity, and then we carry out the forced
correction on the basis of the flexible boundary three-dimensional cylindrical vibration model, which improves
the equivalence with the actual working conditions. The propagation form and the "ripple" propagation behavior
of shock vibration in GIS are revealed, and it is clarified that the vibration wave is divided into P-wave and S-
wave during the propagation process, the P-wave propagates faster than the S-wave, and the S-wave plays a major
role in the jumping of the particles. And then the energy transfer process of the cavity and particles after being
vibrated is analyzed, and the excitation effect of the shock vibration on the system is analyzed in the form of energy
as a link. The energy transformation of the system after the vibration work is clarified, the cavity-particle kinetic
energy transfer conservation model is constructed, and the activation conditions of the particles are defined with
the help of the jumping field strength, and the activation criterion of the particles subjected to vibration is proposed.
On the basis of the aforementioned research, the whole process model of particle motion under typical vibration
excitation of live operation is established by considering the particle charge motion characteristics and collision
random characteristics, and verified by experiments. On the basis of the validation, the correction considering the
microscopic force is carried out, and the error is analyzed from the microscopic point of view.

The model fully considers the influence of different particle sizes and materials on the particle dynamics, and
is more equivalent to the actual working conditions than the method defined by the recovery coefficient. Finally,
it is clarified that the vibration excitation can activate the motion of the particles, and the influencing factors of
the motion behavior of the particles are explored. Combined with the propagation and attenuation characteristics
of vibration, the criterion of critical activation distance of particles under charged working conditions is proposed,
and the changes of critical activation distance of particles under different factors are calculated. The study shows
that the critical activation distance increases logarithmically with the increase of voltage amplitude and vibration
intensity. This study provides support for solving the problem that particles are very likely to cause discharge faults
after GIS live operation.
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