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Introduction

» The electrical performance of the high voltage insulation
materials can be affected by the presence of space charge; either
by injection of charges from the electrodes or by ionization of the
Impurities and molecules due to the injection [1]-[4].

* In order to evaluate the space charge distribution, prior
Information of the electric field distribution in the insulation
materials Is needed.



Research Objective

« Unlike solid dielectrics, the electric field and space charge
distribution in liquid dielectrics are too complicated to be
measured directly and quantitatively due to behaviour and nature
of the liquids.

 Kerr Electro-optic Effect method has been used to study
distribution of electric field and space charge in liquid dielectric

[4]-[7].

« Aim of study is to investigate methods for quantifying electric
field and space charge distributions in dielectric liquids under
uniform and non-uniform fields.



Kerr Electro-optic Effect

» Kerr electro-optic effect - defined as ‘electric field stress induced
birefringence’ which the refractive index of the birefringent material will
change when high voltage is applied.

 The difference of refractive indices, n; — n, is directly proportional to the
square of the applied electric field, E given as follows:
n” —n, = B/‘{E2
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Figure 1 Optical phase retardation caused by birefringence [8]



Kerr Electro-optic Effect

* Figure 2 shows the Kerr Electro-optic measurement using linear polariscope
with crossed polarisers configuration (¢pp — ¢, = m/2).

* On the other hand, the resultant phase shift can be determined from the light
intensity /, using one polarizer and one analyzer positioned perpendicular to
each other (with the liquid dielectric placed in the middle).
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Figure 2 Kerr Electro-optic measurement system with linear polariscope configuration
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Experimental Setup

Presently, the measurement of DC electric field distribution has been done by
using circular parallel electrode (diameter, d = 25 mm, thickness, t = 3 mm)
with 3 mm gap spacing.

The linear polariscope with crossed polarisers optical configuration was setup
for the initial experiment as shown in Figure 3.

DC high voltage up to 7.5 kV was applied to the propylene carbonate (B~ 10-12
m/V?2) which is used as the I|qU|d sample
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Figure 3 Kerr electro-optic effect measurement using the linear polariscope configuration e



Light Intensity Variation in Propylene Carbonate

Figure 4 shows the light intensity in propylene carbonate under the DC high
voltage.

With increasing the applied voltage to the electrodes, the field magnitude
Increases too.

Light intensity | (W)

E (kv/mm)

Figure 4 Light intensity, | of the system with respect to electric field magnitude up to 7.5 kV
using linear polariscope - crossed polarisers configuration



Light Intensity Variation in Propylene Carbonate

« Figure 5 shows the relationship of the measurements and the theoretical of the
transmitted light intensity according to the electric field magnitude.

« As the electric field increased, the transmitted light intensity increases and
reaches the first light maxima at 6 k\V/mm.
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Figure 5 Relationship of light intensity ratio I/1, with electric field of
predicted value and actual value



Conclusions

Kerr Electro-optic effect is also called electric field induced birefringence
method which is widely well-known for electric field and space charge
distributions study.

Propylene carbonate has been chosen as the dielectric liquid sample which its
Kerr constant, B~ 10" m/V?; comparable to nitrobenzene. The preferred
propylene carbonate is a good solvent which is not cause hazard to health make
it easier to be handle.

Initial experiments have been conducted using the linear polariscope with
crossed polarisers (¢pp—¢p, = ™/,) by applying DC electric field to the
propylene carbonate as liquid sample.

From the experiment, a layer of particles will be formed on the positive side of
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Future Work

Imaging camera to study the
electric distribution in
uniform & non -uniform
field, fringing pattern study

Extend Kerr effect
experiment with impulse
source

Different electrode
geometries —
uniform(parallel -plate
electrode) and non-uniform
fields(needle-plane
electrode)

Effect of NPs in the liquids
l.e electric field distribution,
space charge distribution
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