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Abstract

This research studies the electrical and electromechanical behavior of
particles for different particle shapes and ending profiles by using both analytical and
experimental methods. The objectives of this research is to obtain the fundamentals
of particle behavior, which can be applied to develop particle manipulation for the
high-voltage insulation systems. The studies in this research project focus on the
effects of non-psherical particle shapes, the effects of insulating/particle media, and
the possible roles of charge transfer between particles and electrodes. They have an
implication on the electromechanics of particles in insulation systems.

The first step of the studies deals with the electromechanics of prolate
spheroidal conducting particles on a conducting plane to clarify the fundamental
role of the non-spherical shape of particles on their behavior under electric field. The
electric field Ej, initiating particle motion is measured and compared with the
theoretical field strength of the particle for rotation. The lift-off behavior of the
particles at £, is different from the theoretical prediction. The particles depart from
the conducting plane at significantly larger angles than the theoretical prediction. The
discrepancy of the departing angle is possibly due to the predominant rotating
motion of particles. With higher electric field, the experimental results show that the
linear vertical motion of particles became dominant. However, re-contact might
occur after lift-off between the particles and the lower electrode, and increase the
particle charge as a result. The results from this part of the studies are useful for
estimating charges, electric field and force on nonspherical particles.

In the next step, we carry out experiments for investigating the
electromechanical behavior of the non-spherical conducting particles for different
particle orientations and different tip profiles. Spheroidal and wire-shaped particles
are used for the experiments. The results show that on a bare electrode, the
particles exhibit the liftoff motion or rolling motion to the region of stronger electric
field. The motion onset electric field decreases with increasing field nonuniformity.
On the insulated electrode, the wire-shaped particle shows exclusively the rolling
motion, whereas the spheroidal particle may rotate horizontally so as to align its axis

with electric field gradient.



We apply a numerical analysis to explain the experimental results obtained in
this work. The boundary element method is used to analyze the electric field, forces
and torques on the particles. The calculated liftoff electric field of wire-shaped
particle is smaller than the estimated value based on a model of infinitely long
cylinder. The numerical results can explain the the tendency of particle movement
observed in the experiments. The numerical calculation clarifies that both
electrostatic and gravitational torques contribute to the liftoff behavior of wire-
shaped particles.

For the effects from the conditions of media and material types, we carry out
experiments on conducting spheres in insulating gases. The experiments use particles
having different radii and materials. The gas media are air, air/N2 or air/SF6 mixtures.
The results show clearly the effects of gas pressure on the liftoff electric field.  The
surface force between particles and electrodes increases linearly with the product of
pressure and particle surface area. In addition, we have found an effect of charging
polarity on the liftoff electric field.

The last section of this research is the analysis of the effects of charge
transfer between a particle and an electrode to make a quantitative investigation of
the force variation. Without the charge transfer, the electrostatic adhesive force on a
negatively charged particle increases when the applied field is in the upward
direction from the plane. However, in the presence of charge transfer, the force may
vary only slightly with the applied field or even show a reverse tendency if the

transfer charge density depends significantly on the applied field.

Keywords:
High-voltage insulation system, electromechanics, conducting particle, dielectric
particle, nonspherical particle, prolate spheroid, gas pressure, liftoff voltage, charge

transfer
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