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Evaluating the relationship of breakdown voltage and material losses

of different types of electrodes by SEM
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Abstract

This research was presented the measurement of the breakdown voltage of air with 4 sets of

electrode experimenting kits which consisted of rod gap electrode type, needle gap electrode
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type, spherical gap electrode type and partial spherical gap electrode type. The result showed
that the highest breakdown voltage occurred ina partial spherical gap electrode type, followed
by spherical gap electrode type, needle gap electrode type androd gap electrode type. It also
showed that the greater the gap distance was, the higher the breakdown voltage occurred. The
breakdown voltage varied in proportional to the gap distance. The surface damage of the needle
gap electrode after the breakdown voltage experiment was characterized by SEM and revealed
that cross-sectional area of electrode’s sharpness diameter increased as the gap distance and
breakdown voltage increased. This also showed that the cross-sectional area of electrode’s
sharpness diameter was directly proportional to the gap distance and the breakdown voltage.
The physical characteristic of the surface of the needle gap electrode was rough with cracks
and deep holes.In conclusion, based on this research, the deterioration of electrical equipment
caused by accumulated partial discharge activities over time would eventually cause insulation

breakdown and permanent damage of the equipment.
Keywords:
partial discharge, breakdown voltage, scanning electron microscope (SEM)
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distance (cm.)

Gap distance (cm.) Breakdown Voltage (Ub: kVpeak)
No. 1 2 4 5 6 AVG
0.5 10.60 11.00 10.30 9.85 10.65 10.65 10.51
1.0 20.30 20.15 19.70 19.80 20.25 20.15 20.06
1.5 24.15 24.10 24.10 24.25 24.25 24.30 24.19
2.0 38.20 38.45 37.90 38.30 38.35 38.10 38.22
25 40.15 40.05 40.00 40.05 39.40 39.30 39.83
3.0 42.55 42.90 43.10 43.15 43.25 43.15 43.02
35 44.95 43.90 44.60 43.50 44.05 43.75 44.13
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Gap distance (cm.) Breakdown Voltage (Ub: kVpeak)
No. 1 2 3 a 5 6 AVG
0.5 11.50 11.65 12.35 12.30 12.35 12.30 12.08
1.0 22.30 22.75 22.30 21.75 21.95 21.85 22.15
1.5 28.90 29.15 28.70 29.40 29.45 29.45 29.18
2.0 33.15 33.15 33.15 33.75 32.85 33.80 33.31
25 35.20 35.75 35.45 36.00 35.95 35.25 35.60
3.0 37.80 37.55 38.05 37.65 38.00 38.15 37.87
3.5 39.50 39.60 39.55 39.50 39.50 39.50 39.53
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Gap distance (cm.)

Breakdown Voltage (Ub: kVpeak)

No. 1 2 3 4 5 6 AVG
0.5 6.78 6.93 7.05 7.83 8.16 8.67 7.57
1.0 11.15 11.21 11.28 11.38 11.76 12.19 11.49
15 16.70 17.02 17.22 17.60 17.87 18.03 17.41
2.0 20.96 21.93 22.06 22.63 2291 23.05 22.26
2.5 27.04 27.56 28.18 28.58 28.92 29.27 28.26
3.0 33.36 33.83 34.13 34.33 34.55 34.90 34.18
3.5 36.55 36.78 37.55 38.55 38.75 39.33 37.92
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Gap distance (cm.)

Breakdown Voltage (Ub: kVpeak)

No. 1 2 3 4 5 6 AVG
0.5 5.00 5.75 6.15 5.00 6.15 5.85 5.65
1.0 6.75 7.30 7.55 6.95 7.65 8.35 7.43
1.5 9.00 9.00 9.05 9.15 9.15 8.95 9.05
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Gap distance (cm.) Electrode’s sharpness diameter (um.)

No. 1 2 3 a4 5 6 AVG

0.5 86.45 86.47 86.45 86.46 86.45 86.46 86.46
1 131.90 131.89 131.89 131.90 131.91 131.90 131.90
1.5 151.30 151.30 151.31 151.31 151.29 151.32 151.31
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25 176.80 176.80 176.81 176.81 176.80 176.79 176.80
3 285.90 285.88 285.92 285.90 28591 285.90 285.90
35 300.50 300.51 300.51 300.49 300.48 300.50 300.50
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