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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.
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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. 
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Kerr Electro-optic Effect
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Figure 1 Optical phase retardation caused by birefringence [8]



Kerr Electro-optic Effect
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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/V2) which is used as the liquid sample.

7Figure 3 Kerr electro-optic effect measurement using the linear polariscope configuration



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.
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Figure 4 Light intensity, I 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 kV/mm. 
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Figure 5 Relationship of light intensity ratio I/I0 with electric field of 

predicted value and actual value



Conclusions
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Future Work
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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 
i.e electric field distribution, 

space charge distribution
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