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Abstract

Partial discharge (PD) detection plays an important role in the life assessment of liquid insulation in transformers. This
paper investigates on the PD activity and characteristics in thermally aged mineral oil and eco-friendly rice bran and
Sesame oils. To simulate surface discharges, plane-plane electrode configuration with pressboard of 1mm and 3mm
thickness was used. The phase resolved PD patterns of thermally aged rice bran oil, sesame oil and mineral oil with
pressboard were recorded and analyzed. From the results it is observed that the inception voltage of eco-friendly
vegetable oils is higher than mineral oil. Also vegetable oil shows better PD characteristics hence they can be used for
high voltage insulation applications.
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1. Introduction

Reliability of electric power systems mainly depends on the high voltage transformers. With increase in demand of
electrical power, it is crucial that electricity supplies should be protected and always available. Any breakdown of
transformer results in heavy repair expenses. A large amount of distribution transformer failure is due to long term
thermal aging and degradation of insulation system [1]. Partial Discharges (PD) are one of the major reasons for
degradation of high voltage insulation systems. PD measurement is used as diagnostic tool for monitoring the condition
of insulation system [2-4]. PD inception voltage, charge magnitude, number of discharge pulses and its distribution are
the important parameters to be analyzed. Mineral oil are the commonly used insulating fluid in power apparatus.
Mineral oil are poorly biodegradable and cause serious contamination of soil and water ways if spill occurs. Since
petroleum products are eventually going to run out leading to shortage. Hence it is necessary to carry out in the
development of new biodegradable insulating fluids. Vegetable seed oils are biodegradable, non-toxic and most
environmental friendly [5-11]. Hence extensive studies were carried out to find suitable insulating oil for electrical
applications.

Ageing is influenced by four parameters namely electrical, thermal, chemical and mechanical stresses. In the present
work, mechanical stresses are not considered. Also effects of chemical stresses are not independently studied as they
are influenced by temperature and electrical stresses. Hence, ageing has been carried out under a typically high
temperature of 120°C [76] that may exist commonly in real life transformers.

Partial discharge (PD) due to electric field enhancement in a localized area of insulation accelerates the degradation and
thermal aging of insulating oil. Hence PD plays a major role in determining the insulation strength and life time of oil
[12]. Therefore it is very important to understand the PD characteristics of thermally aged vegetable oil. Considering
these facts the major aim of present work is to obtain the typical PD patterns of thermally aged two vegetable seed oil
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to find its suitability for power apparatus applications. In this paper Phase Resolved PD characteristics of thermally
aged rice bran oil, sesame oil under uniform fields are investigated. For the comparison the PD characteristics of mineral
oil are also discussed.

2. PD characteristics of Aged oil-Pressboard Insulation System

2.1. Experimental Set up

Grounding rod |,

Fiber Optical Cable ‘ Quadripole & PD

S | Detector

Figure 1 PD measurement system with PD free transformer and coupling capacitor

The variable High voltage source is obtained by using a 10kVA, 100kV transformer (PD free). A 1000pF capacitor is used
as coupling device. The whole test setup is enclosed inside the Faraday’s chamber (cage) in order to avoid the noise
pickup by the PD system. The PD measurement is carried out according to the Standard test procedures (IS-60270)
Figure-1 shows the laboratory setup of the PD measurement system enclosed in Faraday’s cage. Before measuring PD,
the test setup is calibrated. The calibration is done without high voltage or under high voltage conditions and has two
main individual settings: i) Voltage calibration and ii) Charge calibration. Calibrator CAL 542 is connected to the test
object. The charge calibration is performed by injecting known value of charge to the test object using the calibrator.
For the Voltage calibration, the voltage is set to a known value and then calibrated.

2.2. Thermal ageing of Mineral & Eco-friendly oils

Ageing is influenced by four parameters namely electrical, thermal, chemical and mechanical stresses. In the present
work, mechanical stresses are not considered. Also effects of chemical stresses are not independently studied as they
are influenced by temperature and electrical stresses. Hence, ageing has been carried out under a typically high
temperature of 120°C that may exist commonly in real life transformers The thermal ageing has been carried out with
oil and other materials like pressboard, copper conductor and CRGO steel thermally aged at 120°C upto 200hours. At
100 hours & 200 hours of ageing, the PD characteristics of rice bran oil, sesame oil and mineral oil under uniform field
configuration are recorded and analysed.

Copper, pressboard and CRGO are the major contributors for oil contamination. Therefore, in the present work only
these three materials are added to the oils during thermal ageing. In addition to temperature, the extent of ageing also
depends on the weight ratio of material to oil, The materials - copper in conductor form, pieces of CRGO laminations,
pieces of pressboard are obtained from a standard transformer vendor. Quantity of pressboards was added
approximately based on materials in a distribution transformer. All the above mentioned materials are calculated &
added to 1kg of oil and were provided thermal ageing at 1209C

3. Results and discussion

The Phase Resolved PD (PRPD) patterns of 100 and 200 hours thermally aged Mineral oil, Rice bran oil and Sesame oil
under uniform field stress with 1mm and 3mm pressboards are recorded and analyzed. The PRPD patterns of above
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samples are obtained by varying the test voltage and corresponding PD parameters like peak charge magnitude (Qpeak),

Average charge magnitude (Qavg), number of PD events/sec (n) are recorded.

3.1. PRPD pattern of Thermally aged Mineral Oil/Pressboard Insulation

The phase-charge (®-q) and phase-charge-number (®-g-n) plots of 100 hours thermally aged mineral oil with Imm
and 3mm pressboards under uniform field electric stress were captured by varying the voltage. The test voltage is varied
until the observable PD pulses are detected by the detector. Figure 2 shows the Phase-charge and phase-charge-number
plots of thermally aged Mineral oil/1mm Pressboard during the inception of PD. when the test voltage is 0.90 kV(PDIV),
Qpeak=547pC, Qavg=13.88pC, n=31.54PD/sec values are captured by the detector. The PD charge distribution is more
distributed in negative half cycle (140°9-3609) of applied voltage which indicates the surface discharge on the pressboard
layer. When the test voltage is 5kV, Qpeak=499pC, Qavg=18.2pC, n=746.6PD/sec values are captured by the detector. The
PD charge distribution is distributed in both half cycles, but more significant in negative half cycle (180°-3600) of applied
voltage which indicates the both surface and corona discharges takesplace as shown in figure 3.
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Figure 2 Phase-charge and phase-charge-number plots of 100hours thermally aged Mineral oil/1mm
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Figure 3 Phase-charge and phase-charge-number plots of 100 hours thermally aged Mineral oil/1mm
Pressboard under uniform fields at 5kV
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Figure 4 Phase-charge and phase-charge-number plots of 100 hours thermally aged Mineral oil/3mm
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Figure 5 Phase-charge and phase-charge-number plots of 100 hours thermally aged Mineral oil/3mm
Pressboard under uniform fields at 17kV

Figure 4 shows the Phase-charge and phase-charge-number plots of thermally aged Mineral oil/3mm pressboard during
the inception of PD. when the test voltage is 0.816kV(PDIV), Qpeak=489pC, Qavg=14.6pC, n=60PD/sec values were
captured by the detector. The PD charge distribution is more distributed in negative half cycle of applied voltage which
indicates the surface discharge on the pressboard layer. When the test voltage is at 17kV, Qpeak=468pC, Qavg=10.8pC,
n=8.28PD/sec values were captured by the detector. The PD charge distribution is distributed in both half cycles, but
more significant from 1000-3600 and less charge distribution in positive half cycle (00-900) of applied voltage which
indicates the both surface and corona discharges takesplace as shown in figure 5.

3.2. PRPD pattern of Thermally aged Rice bran Oil/Pressboard Insulation

Figure 6 shows the Phase-charge and phase-charge-number plots of thermally aged Rice bran oil/1mm pressboard
during the inception of PD. when the test voltage is 1.41kV(PDIV), Qpeak=611pC and n=21PD/sec values were captured
by the detector. The PD charge is distributed in both half cycles and very few peak charge in -ve half cycle of applied
voltage. When the test voltage is at 5kV, Qpeak=378pC, Qavg=19.8pC, n=496PD/sec values were captured by the detector.
The PD charge distribution is distributed in both half cycles, but predominant in the phase angle 108°-360° and less
charge distribution in positive half cycle (0°-7209) of applied voltage which indicates the both surface discharge and
corona discharge occurs as shown in figure 7.

Figure 8 shows the Phase-charge and phase-charge-number plots of thermally aged Rice bran oil/3mm pressboard
during the inception of PD. when the test voltage is 1.44kV(PDIV), Qpeak=287pC, Qavg=15pC and n=111PD/sec values
were captured by the detector. In positive half cycle (09-459) PD charges are very less and the charges are distributed
in the phase angle 80° - 3600 of the applied voltage which indicates the corona discharge. When the test voltage is at
17kV, Qpeak=843pC, Qavg=10.75pC, n=23.3PD/sec values were captured by the detector. The PD charge distribution is
distributed in both half cycles, but predominant in the phase angle 108°-360° and less charge distribution in positive
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half cycle (0°-108°) of applied voltage which indicates the both surface and corona discharges takesplace as shown in

figure 9.
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Figure 6 Phase-charge and phase-charge-number plots of 100 hours thermally aged Rice bran
0il/1mm Pressboard under uniform fields at PDIV
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Figure 7 Phase-charge and phase-charge-number plots of 100 hours thermally aged Rice bran

oil/1mm Pressboard under uniform fields at 5kV
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oil/3mm Pressboard under uniform fields at 17kV

3.3. PRPD pattern of Thermally aged Sesame Qil /Pressboard Insulation

Figure 10 shows the Phase-charge and phase-charge-number plots of thermally aged Sesame oil/1mm pressboard
during the inception of PD. when the test voltage is 1.15kV(PDIV), Qpeax=415pC and n=2.36PD/sec values were captured
by the detector. In both half cycles PD charges are very less and having same peak values of charge. When the test voltage
is at 5kV, Qpeak=293pC, Qavg=19.8pC, n=57.6PD/sec values were captured by the detector. The PD charge distribution is
distributed in both half cycles, but predominant in the phase angle 108°-360° and less charge distribution in positive
half cycle (00-729) of applied voltage which is as shown in figure 11.

Figure 12 shows the Phase-charge and phase-charge-number plots of thermally aged Sesame oil/3mm pressboard
during the inception of PD. when the test voltage is 1.14kV(PDIV), Qpeak=435pC, Qavg=15pC and n=101PD/sec values
were captured by the detector. In positive half cycle (0°-729), no PD charges were observed and the peak PD charge
were in negative half cycle. When the test voltage is at 17kV, Qpeak=274pC, Qavg=19pC, n=1165PD/sec values were
captured by the detector. The PD charge distribution is distributed in both half cycles, but predominant peak charges is
in the phase angle 2800-360° and less charge distribution in positive half cycle (09-72°) of applied voltage which is as
shown in figure 13.
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Figure 10 Phase-charge and phase-charge-number plots of 100 hours thermally aged Sesame oil/1mm Pressboard
under uniform fields at PDIV
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Figure 13 Phase-charge and phase-charge-number plots of 100 hours thermally aged Sesame oil/3mm Pressboard
under uniform fields at 17kV

3.4. Comparison of Thermal ageing studies of different oil/Pressboard Insulation System

Table 1shows the comparison of PD results of treated fresh oil/pressboard insulation and thermally aged
oil/pressboard insulation system for 100 hours and 200 hours under uniform electric field at 120°C. The thermal ageing
results are compared with fresh oil results. After 100 hours of aging, slight increase/improvement of 15% to 25% in PD
inception voltage of rice bran and sesame oil and the magnitude of peak discharge is increased in all the three oils. Also
the number of PD events/sec increased in all the oils. The improvement in PD inception voltage of natural esters is due
to the removal of water content in oil during thermal ageing.

After completion of 100 hours of aging, slight improvement of 15% to 25% in PD inception voltage of rice bran and

sesame oil and marginal reduction in the magnitude of peak discharge in mineral and Sesame oils (for 3mm pressboard).
The number of PD events/sec has increased to 300% in all the oils which may be due to absorption of water by the
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pressboards from the oil. The improvement in PD inception voltage of natural esters is due to the removal of water
content in oil during thermal ageing.

Table 1 PD results of oil/Pressboard insulation under uniform field

Thermally aged Oil with 1mm Pressboard under uniform field

PD Parameters Insulating oil | Ohr 100hr | 200hr
Mineral oil 0.88 | 0.9 0.87
PDIV in kV Rice branoil | 1.13 | 1.41 1.18

Sesame oil 1.0 1.15 1.01
Mineral oil 293 547 372
Peak discharge Qpeax in pC | Rice bran oil | 347 611 374
Sesame oil 164 415 429
Mineral oil 12.2 | 315 3.11

Number of PD events/sec | Ricebranoil | 7.33 | 21 2.35

Sesame oil 1.87 2.3 4.35

Thermally aged Oil with 3mm Pressboard under uniform field

PD Parameters Insulating oil | Ohr 100hr | 200hr

Mineral oil 0.922 | 0.816 | 0.81
PDIV in kV Ricebranoil | 1.31 | 1.44 1.03
Sesame oil 111 | 1.14 1.06
Peak discharge Qreak in pC | Mineral oil 618 489 283
Rice bran oil | 266 287 356
Sesame oil 466 435 345
Number of PD events/sec | Mineral oil 19.2 | 60 5.9

Rice branoil | 11.1 | 37 428
Sesame oil 9.66 | 30 1.66

4., Conclusion

Due to environmental concerns, biodegradable oil is increasing being used as replacement for mineral oil in
transformers. Therefore it is necessary to compare their PD activity. The PD inception voltage of thermally aged Rice
bran oil and Sesame are higher than of mineral oil. For the Plane- plane testing, peak PD magnitude, number of PD
events/sec, discharge power of Rice bran oil and Sesame oil are lesser than of mineral oil. The experimental results
shows that both eco-friendly vegetable oil insulation has the required potential to be used as liquid insulation in
transformers and also obtained results motivates the researchers to carry out further research on these vegetable oils.
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