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The effect of aging of transformer oil on the magnitude and
temperature dependence of its Kerr constant

Streszczenie. Stwierdzono, ze stata Kerra uzywanego oleju transformatorowego zmienia swojg warto$c¢. Zaobserwowano takze, ze zmienia sie jej
zalezno$¢ od temperatury. Otrzymane wyniki sugeruja, ze wyniki pomiaréw statej Kerra mogg by¢ wykorzystane do biezgcej oceny stanu oleju

transformatorowego.

Abstract. It is found that the Kerr constant of the aged transformer oil increases relative to that observed in the fresh one. Moreover, the
temperature dependence of the Kerr constant of the aged oil is found to be stronger than in the fresh one. The results obtained allow to consider the
use of Kerr effect measurements in monitoring of the conditions of transformer oils. (Zmiany statej Kerra wywofane zjawiskami starzenia oleju

transformatorowego).
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Introduction

In last years transformer monitoring, controlling and
diagnosis methods have been drawing constantly
increasing attention and many efforts have been devoted to
the investigations of the effect of aging on transformers oils
properties (see, e.g. [1-11]).

In the previous years we have investigated both
experimentally and theoretically the conditions of
measurements of electro-optic effects in crystals (see, e.qg.
[12-15]). In our measurements of the quadratic electro-optic
effect we have employed Nynas Nytro 10 GBN transformer
oil as the immersion liquid. When considering
measurements of quadratic electro-optic coefficients, where
the modulating voltage applied to the crystal is of amplitude
several kV, any immersion liquid can introduce an additional
modulation of the light due to the fringing electric field in the
neighbourhood of the crystal and the Kerr effect of the
liquid. Therefore the electro-optic properties of the oil have
been great interest to us. During our efforts to increase the
accuracy of measurements and to separate the
contributions of crystal sample and immersion oil we have
observed that the Kerr effect of the oil in the test cell has
been changing with time. This finding has motivated us to
measure the Kerr constant of different oils, including the oil
used previously in a real transformer. Up to now, numerous
of experiments employing techniques based on the Kerr
effect to determine the electric field distribution in the
transformer oil (see, e.g. [16-18]) and on the surface of high
voltage insulating systems (see, e.g. [19-21]) have been
performed.

Previously the effect of aging on physical, chemical and
electrical properties of the oils, including the breakdown
voltage, total acidity, flash point, water content, ash content,
viscosity, gases presence, volume resistivity, dielectric loss
tangent and thermal conductivity has been considered. In
some of the experiments the oil was mixed with different
impurities and addivites to simulate its practical
degradation conditions [2]. However, to our best knowledge,
the effect of aging of the oil on its Kerr constant has not
been yet taken into consideration. The aim of this work is an
experimental comparison of the magnitude of the Kerr
constant and its temperature dependence observed in the
fresh transformer oil and the one measured in the oil after a
period of service in a real transformer.

Experimental

Traditionally, the Kerr constant B, relates the birefringence 4n
induced in the liquid with the square of the modulating electric
field E

(1) An=BAE?,

where 1 is the light wavelength. The birefringence originating
from the Kerr effect makes the liquid optically uniaxial with the
optic axis parallel to the electric field direction. Following from
the Kerr effect symmetry, the intensity of a light beam passing
trough a cell with the liquid placed between a polarizer and an
analyzer is given by [22]

Here « is the angle between the planes of polarization in the
polarizer and analyzer, I, is the maximum emerging light
intensity, p is the angle between the plane of polarization and
the direction of the applied electric field, and 7" is the phase
difference between the ordinary and extraordinary beams,
namely

(3) I'=T,+kLAL.

In the above, 7} is that part of 7~ which is independent of the
electric field, where k=2r/4 and L denotes the path length of
the light beam in the liquid subjected to the electric field. If the
polarizers are crossed (i.e. a=n/2), oriented in such way that
p=n/4, and the optical bias 7, =(2n+1) n/2 (where n = 0,1,2...)
is provided by a retardation plate, Eq. (2) may be rewritten in
the form

(4) I= ’70 [+ sin(kanL)] .

The intensity of the emerging light may be easily converted
into an electric signal, e.g. voltage. For a sinusoidal
modulating voltage the Kerr constant is given by

g Usd’
J2u UL

where U,, is the rms voltage measured at the second
harmonic of the modulated emerging light intensity, d is the
distance between electrodes, Un is the rms modulating
voltage, and U. is the voltage proportional to the constant
component of the light intensity transmitted by the system.

The experimental setup used in our measurements is
shown in Fig. 1.
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The electro-optical properties of the fresh Nynas Nytro 10
GBN mineral oil and the one after 6 months of service period
in a distribution transformer, were compared. In our
measurements the length of the aluminium parallel-plane
electrodes immersed in the oil was 150 mm while the distance
between them 5 mm. The modulating voltage of frequency

A4 Polarizer

417 Hz, for which we found relatively low noise in our
experimental system, was applied to the electrodes with Un,
up to 1 kV, and the He-Ne laser (A=0.633 um) was employed
as the light source. The measurements were performed within
the temperature range 20-50 °C.
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Fig.1. The experimental setup of the optical and electronic components used in the polarimetric method

Results

The results obtained for the Kerr constant and its
temperature dependence presented in Table 1 and illustrated
in Fig. 2 indicate that the electro-optic properties of the fresh
and aged transformer oil are significantly different. The Kerr
constant obtained in our measurements for the used oil is
nearly twice as high as the one observed in the fresh oil. The
changes in the Kerr constant with temperature, as described
by (1/B) (6B/oT), are four times stronger for the used oil in
comparison to the fresh one.
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Fig.2. The temperature dependencies of the fresh Nynas Nytro 10
GBN transformer oil and the same oil after 6 months service period

Table 1. The comparison of the Kerr constant B (at 23 °C) and its
temperature dependence (1/B)(0B/AT) in the fresh transformer oil
Nynas Nytro 10 GBN and the same oil after 6 moths service period

Ol B[10™° mV7 (1/B)(@Bl6T) [10°°C ]
Fresh 1.8+0.1 2602
Aged 3.540.2 -14.2+0.8

Discussion

It is known, that because of sustained application of
electric and thermal stresses and various chemical reactions
the properties and composition of the transformer oils change
with their age. In fresh oils, only a minority of their compounds
is polar. In the aged transformer oils the amount of polar
fractions increases. For example, the adsorption of polar
fractions of fresh and aged oils has been previously
investigated by using silica gel [2]. The adsorbed amount of
polar fractions was found to be higher for aged oils in
comparison to new ones. It is commonly accepted that the
presence of polar compounds causes degradation of
transformer oils properties. The Kerr constant of most non-
polar liquids, including transformer oils, is the order of
magnitude ~10"° m/V2. This is two-three orders of
magnitude lower from the Kerr constant observed in polar
liquids, for example the Kerr constant of pure water is
510" m/V2. The temperature dependence of B in polar
and non-polar liquids is also different. In non-polar liquids the
Kerr constant varies inversely with temperature and in the
polar ones decreases more strongly, changing inversely with
the square of temperature. The fact that the Kerr constant of
the aged transformer oil is noticeably higher and its decrease
with temperature is stronger than that of the fresh oil is in
agreement with the previously reported findings indicating the
increase in the amount of polar species in aged oils.

Concluding remarks

Monitoring of oil properties may prevent future failure of
transformers. One of possible methods of such monitoring
may be measurements of electro-optic properties of the
transformer oil, namely; the changes in the magnitude of the
Kerr constant with time and the range of its changes with
temperature, during the transformer service. We propose to
join our experience in electro-optic measurements with the
experience of specialists in the field of electric power
apparatus. In our opinion, efforts are needed to relate the
changes in electro-optic response of the transformer oil used
in real transformers to their other physical, chemical and
electrical properties.
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