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Abstract

This thesis uses Kerr electro-optical tomography as a new method to measure electric

field and space charge distributions in insulating liquids when the applied electric

field magnitude and direction are not constant along the light path. This technology

can be used to experimentally verify the electrical design of high voltage devices, to

monitor and diagnose the electrical health of high voltage devices and systems, to

provide information on the remaining life, and to prevent failure caused by dielectric

breakdown.

The Kerr electro-optic method passes low power laser light through a high voltage

region filled with an insulating liquid, such as transformer oil. Because the insulating

liquid becomes slightly birefringent under high electric field stress, incident linearly or

circularly polarized light propagating through the high field stressed medium becomes

elliptically polarized. By using a polariscope to analyze the elliptically polarized light

due to electric field induced birefringence (Kerr effect), we can measure the electric

field distribution in the insulating liquid so that the space charge distribution can be

calculated from Gauss' law, p = V -EF. Making use of the measured data, together

with insulating liquid properties, such as dielectric constant, breakdown field strength,
resistivity, dissipation factor, thermal conductivity, thermal stability limit, etc., opti-

cal measurements can help evaluate the electrical design and health of high voltage

systems.

Because the Kerr effect in most liquids is very weak, the detected optical signal is very

sensitive to electrical noise and small disturbances. In this thesis we studied meth-

ods to increase the optical signal level and to suppress electrical noise so that the

measurement results can accurately recover the electric field using the "onion peeling"

5



method of radial discretization in axisymmetric geometries. Measurements were per-
formed using low Kerr constant transformer oil (B ~ 2.3 x 10- 1 5m/V 2) and high Kerr

constant propylene carbonate (B ~~ 1 x 10~ 1 2m/V 2 ) with parallel-plate, point-plane,
and point-ring-plane electrode geometries. We also examine some measurements with

non-axisymmetric electrode geometry. We compare experimentally determined electric
field distributions with theoretical or computer simulated results under space charge
free conditions to provide a comparison for nonzero space charge distributions. Theo-

retical analyses of significant space charge effects are presented for parallel-plate and

coaxial cylindrical electrodes.

Thesis Supervisor: Markus Zahn

Title: Professor of Electrical Engineering
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