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ABSTRACT:Rapid growth in power sector of nation has given the opportunity to power engineers to protect the
power equipment for reliable operation during their operating life. It has been seen from the studies conducted by
power engineers that one of the main problems in high voltage power equipment is the degradation of insulation.
In this paper it has seen that in a liquid insulation system of high voltage machine, the insulating capability in the
available space can be improved by inserting an insulation barrier in the gap which alters the space charge distribution.
The ion formed in the zone depleted by the barrier and spread on its surface, forming surface charge carrier on the
insulating barrier, thereby the field between the barrier and the ground electrode becomes uniform, leading to increase
in the breakdown voltage. This improvement in the insulation strength is called the “Barrier Effect”.
The result obtained by the experimental investigation into breakdown characteristics of transformer oil under
inhomogeneous field conditions (Sphere-to-Cone electrode system) as well as moderately homogenous field conditions
(Sphere-to-Sphere electrode system) under alternating (50 Hz) voltage stresses are reported in this work. The effect of
gap length on breakdown in oil and the influence of electrode covering and barrier by solid insulators are also reported.
KEYWORDS:Barrier Effect, Space Charge Distribution, Electrode Configuration, Inhomogeneous Electric Field,
Electrode Covering Effect.
I.INTRODUCTION
Dielectric strength of transformer oil is also known as breakdown voltage of transformer oil or BDV of transformer oil.
Breakdown voltage is measured by observing at what voltage, sparking occurs between two electrodes immersed in the
oil, separated by specific gap. Low value of BDV indicates presence of moisture content and conducting substances in
the oil. High voltage transmission of electrical energy has made immense strides during the last decades, and also the
high voltage transmission system will be used increasingly in the near future. For some of the equipment transformer
oil/polymer will be the electrical insulation system. Therefore electrical breakdown characteristics of transformer oil
may lead to spectacular consequences on the quality and reliability of high voltage networks. The insulation design of
high voltage transformer can only be optimized if the electrical strength properties of the insulation system are
precisely known. The main insulation materials used in a power transformer are oil, paper and pressboard. These
insulating materials are known to experience homogeneous as well as inhomogeneous field conditions. Breakdown
voltages of homogeneous and non-homogeneous field gaps known to be largely affected by inserting thin dielectrics
“barriers” in the gaps; this is called barrier effect. Thus, it is of great interest to study the influence of such barrier effect
on the breakdown voltage in transformer oil.It is well established that the breakdown of transformer oil somehow
involves particles and other contamination particularly moisture. It was found that the removal of the large particles
fromtransformer oil can raise the breakdown voltages. In particle initiated breakdown theories, it is assumed that the
defects determine the breakdown stress and these are in fact the particles in the oil which migrate to the electrode by
forces and initiate breakdown there. When the barrier is a thin insulating paper, it acts to control the space charge and it
is thought of as a useful model to consider the dielectric because in this case, the space charge distribution is simple and
it is possible to measure the space charge distribution quantitatively. The present work address itself to the
investigations about the influence of barriers on the breakdown voltages in transformer oil for moderately
homogeneous field (Sphere-Sphere electrode) and non-homogeneous field (Sphere-Cone electrode) system using 50
Hz, 150 kV ac test transformer.
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II.EXPERIMENTAL SETUP AND PROCEDURE

A. Sphere-sphere electrode configuration:
Test cell:The electrode were carried out in a vessel made of Perspex sheets, the internal dimension of the cell
was 60mm 110mm 120mm high.
Electrode: The electrodes were polished sphere of 13mm diameter of brass and arranged horizontally with
their axis 40mm above the bottom cell. The gap between the electrodes is to be adjusted by micrometer (least
count 0.01) connected with one of the electrodes
experimental samples:
Thickness
(µm)

Density
(gm/cm³)

Polypropylene

14

0.8

Kraft paper

68

0.9

Polystyrene

184

1.05

Species

Fig. 1 Arrangement for sphere-sphere electrode configuration
B. Sphere-Cone electrode configuration:
Test cell: The electrode were carried out in a vessel made of Perspex sheets, the internal dimension of the cell
was 60mm 110mm 120mm high.
Electrodes:The cone electrode was formed from a solid brass of 15mm in diameter and7.5mm in height with
rounded edges. The sphere electrode is made up of brass having a diameter of 13mm. The gap between cone
electrode and sphere electrode were adjusted by a screw gauge attached to the electrodes.
Experimental samples: These are remaining same as in previous configuration.

Fig. 2 Arrangement of electrodes and insulating paper for Sphere-Cone electrode configuration.
Supply and measurement system:
Supply and measurement of high voltage:The high voltages were obtained from a testing transformer of 150 KV, 50
HZ,1 phase, 30 KVA rating.The voltages were measured using a voltmeter (accuracy ± 1%) connected at the primary
side of the transformer, that read the low side voltage. The corresponding high voltages were obtained from a
calibration curve drawn using the sphere-sphere electrode system using the diameter of 25 cm (IS-1876,1961)
Thickness measurement:The thickness of the barrier and electrode covering paper/polymer film was measured by a
magnetic dial-gauge having an accuracy of 1 micrometer.
Pressure and temperature measurement:The pressure was measured by a barometer. The accuracy of pressure
measurement was ± 0.50 torr. Wet and dry bulb thermometers were used to record the temperature in the laboratory.
This can be made within the accuracy of ± 0.5 degree Celsius.
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Electrode spacing and barrier spacing measurement:The electrode spacing was set by a micrometer having an
accuracy of ± 0.01mm.The insulating paper/ barriers were placed in grooves. The vertical grooves were made on the
two opposite side (wall) of the test cell with a gap of 2 mm.
Electrode conditioning:Before starting the experiment, all the electrodes was thoroughly cleaned, polished and finally
washed with alcohol after every set of breakdowns the electrodes were brought out of the cell and thoroughly polished.
Experimental procedure:For both sphere–cone and sphere-sphere electrode systems, first the electrodes were polished
and washed with alcohol and dried. The voltage was applied in accordance with BS: 148 or IS 335 till
breakdownoccurred. In each case, seven breakdownswere taken and then the average value was used to draw the
curves.
III.EXPERIMENTAL RESULT AND DISCUSSION
Experimental Observations:
A. Sphere-Sphere Electrode Configuration:
(a) Barrier Effect: For the barrier effect the gap between electrodes was 10 mm at temperature 30°C (Dry),
27°C (Wet) and Pressure732 torr
S.N.

Barrier’s

Breakdown voltage (kV) rms

location in mm.

Polystyrenet=184µm

Kraftpaper t=68µm

Polypropylenet=14µm

1

0

56.4

48.5

58.4

2

2

52.2

45.4

55.2

3

4

62.6

57.6

68.3

4

6

64.4

60.4

75.4

5

8

60.8

55.3

69.4

6

10

58.5

50.4

64.5

Fig.3Barrier effect for different types of materials for 10 mm gap
When the ac voltage is applied to one of the sphere electrode and other sphere electrode is grounded, the charges
are liberated from the sphere electrode at high voltage, but they do not reaches the ground electrode because of the
presence of barrier placed in between the two electrodes, and gets deposited on the insulating barrier. This gives
rise to the stronger field on the grounded electrode side. It is evident from the figures that when the distance ‘S’
between the barrier and the ground electrode increases the breakdown voltage slightly decreases and then
increases remarkably resulting in much higher breakdown voltage than that obtained with the covered ground
electrode.
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(b) Electrode Covering: Electrode covering for different types of insulating materials at temperature
30°C(Dry),27°C (Wet) and Pressure 732 torr
S.
N.

Electrode
gap(mm)

1

Breakdown voltage (kV) rms

2

Bare ground
electrode
8.8

Polystyrene
t = 14µm
15.8

Polypropylene
t = 184 µm
20.4

Kraft paper
t = 68 µm
13.2

2

4

20.2

25.4

28.3

22.8

3

6

25.4

32.5

34.5

28.6

4

8

31.6

37.4

40.2

34.4

5

10

37.0

42.6

44.5

40.0

Fig.4 Effect of electrode covering with different types of insulating papers on breakdown voltage (under ac voltage)
The effect of covering the ground sphere electrode is shown in fig. for different insulating paper/polymer film. The
breakdown voltage for polypropylene is higher than that of the Kraft paper and polystyrene. The breakdown voltage is
higher with covering the ground electrode. This is because the streamers are generated from the high voltage electrode
and initially it does not break the covered paper/polymer film.
B. Sphere-Cone Electrode Configuration:
(a) Barrier Effect: For the barrier effect the electrode gap were taken as 10 mm. The barrier distance ‘S’ with
respect to ground electrode was varied and the breakdown voltage were recordedat temperature 24°C
(Dry),20°C(Wet) and Pressure 742 torr
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S.N.

Barrier’s location
(mm)

Breakdown voltage (kV)rms

1

0

Polypropylene
t = 14 µm
38.4

Polystyrene
t = 184 µm
36.2

Kraft paper
t = 68µm
32.4

2

2

36.2

34.4

30.6

3

4

43.0

44.8

36.5

4

6

48.5

50.6

40.4

5

8

45.4

47.5

38.9

6

10

44.2

42.4

37.5

Figure below shows a plot of the breakdown voltage with respect to the barrier location for all the three types of
barriers. However a comparison is not possible because the thickness of the barriers is not same though they have been
tested. The variations of breakdown voltage with respect to the barrier location for 10 mm gap are given in fig. below.
Explanation of the nature of graph will remain same as it was for previous configuration.

Fig.5 Barrier effect for different types of insulating materials for 10 mm gap
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(b) Electrode Covering Effect:Electrode covering effect for different insulating materials at temperature
24°C(Dry), 20°C (Wet) and pressure 742 torr
Electrode gap
(mm)

Breakdown voltage (kV)rms

S.N.
Bare ground
electrode

Ground
electrode
covered with
one layer of
Kraft paper
t=68 µm

Ground
electrode
covered with
two layers of
Kraft paper
t=136 µm

Polystyrene
covered
ground
electrode
t=184 µm

1

2

10.3

13.8

15.6

16.4

2

4

20.7

26.4

27.4

29.2

3

6

28.8

33.6

35.6

37.2

4

8

32.3

36.8

38.8

40.3

5

10

36.4

40.5

42.4

43.5

Fig.6 Effect of electrode covering with different types of insulating papers on breakdown voltage (under ac voltage)
The increase in the breakdown voltage in the case of covered electrode over that of bare electrode, as in the case of ac
voltage is due to the fact that the breakdown is initiated at the cone tip and that the streamer does not initially break
through the insulating layer covering the ground electrode
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IV.CONCLUSION
1.

The study of the barrier effect and electrode covering using a thin insulating paper is useful in analyzing the effect
of space charge on the breakdown mechanism.
2. Electrodes covered with insulating paper film give higher breakdown voltage for transformer oil compared with
those obtained with uncovered electrodes and this effect increases when two layers of paper are used.
3. When the distance between the insulating barrier and the ground electrode increases, the breakdown voltage
slightly decreases and then increases reaching a higher value than for the case with covered ground electrode.
4. The barrier effect for the moderately uniform field i.e. sphere-sphere electrode configuration has similar variation
as for the sphere-cone configuration.
5. The electrode covering effect for the sphere-sphere electrode configuration is linear in nature.
6. It is observed inclusion of barrier in the oil gap improves the breakdown strength of the gap, irrespective of the
quality of the oil.
7. Use of polymer material as barrier has high breakdown strength of the gap.
8. In general, the barrier effect is high by placing the barrier in the middle of the oil gap, irrespective of the type of
barrier.
9. The barrier acts as a geometrical obstacle against the direct propagation of discharge.
10. The optimal position of barrier is at about 20% of gap starting from the sharp electrode (i.e. cone).
11. The optimal position does not move when varying the thickness of barrier. However, the increase of barrier
thickness leads to an increase in the breakdown voltage irrespective of the kind of barrier material.
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