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ABSTRACT: Sulphur can be present in mineral insulating oil and can manifest in stable, highly reactive and corrosive form. The
corrosive sulphur reacts with the copper conductor in transformer and forms semi conductive copper sulphide at the surface of the
copper conductor. The paper insulation used on the copper conductor may get damaged due to copper sulfide deposits which also
affect the partial discharge activities prevalent in the transformer paper-oil insulation. The affect of Sulphur on model transformer
paper-oil insulation is studied with online measurement of Dissipation factor (tand) and partial discharges (PD). The paper presents
results of the investigatory work carried out with on-line tand and PD measurements made during experiments with Paper covered

copper conductor (PCCC) in presence of Di-Benzo-Di-Sulfide contamination in transformer oil.
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INTRODUCTION

The reliability of power transformers is normally high and
their expected life time typically exceeds 30 years. A recent
observation of premature transformer failures in the field
caused by copper sulfide deposition has raised a large interest
in the power industry [1]. The importance of sulfur and its
compounds, which concerns the quality of mineral insulating
oil, is well recognized and the amount of sulfur contained in
typical insulating oil may range from 0.001 to 0.5%. Also it has
been recently reported that number of HVDC transformer
failures are attributed to the presence of high content of DBDS
sulfur in oil. The DBDS sulfur reacts with the copper conductor
and forms copper sulfide on the surface. These become the sites
for initiation of partial discharges causing damages to the layers
of paper in contact with the conductor. The copper sulfide thus
formed also migrates to other layers of paper in contact with the
conductor and causes reduction in insulation resistivity [2,3].
Since copper sulfide is conductive, it affects the voltage
distribution leading to surface discharges which results in
degradation of paper insulation leading to breakdown of
insulation [4]. As per the literature, DBDS sulfur can attain
concentration upto 350ppm in transformer oil [3]. Tand can be
a measure of imperfection in dielectric material and its higher
value can indicate presence of contaminants [6]. Normal ageing
of an insulating material will cause the dielectric loss to
increase and contamination of insulation by moisture or
chemical substance may cause losses to be higher than normal

[7]. The dielectric diagnostic methods most commonly used in
industry are the dissipation factor (tand) and capacitance
measurements at power frequency. The variation of tand
provides useful information about the insulation quality [8].
The paper presents a technique for on-line tand measurements
along with PD studies for the following reason:-

1. It may be possible to determine the instants of time at
which significant copper sulfide migration takes place.
2. It can also reveal information for understanding the

change in capacitance and resistance which occurs due to
copper sulfide migration.

3. Computed tand values can reveal deterioration of
insulation including due to copper sulfide migration.

It is well known that PD activity produces a permanent or quasi-
permanent trapping of charge on the surface because of the
presence of PD-generated surface charges. The electric field in
the gap [example between the paper layers] and around the
solid dielectrics will be modified. This phenomenon will affect
subsequent PD pulses, along with the deterioration effect in
insulation including that occurring due to release of the copper
sulfide in the transformer oil with DBDS. Therefore,
simultaneous studies of PD and tand are interesting to observe
change in PD and tand behavior and to attempt correlation with
change in the PCCC samples placed in transformer oil.
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SAMPLE PREPARATION

A conductor-insulation, PCCC sample in a pigtail arrangement
was prepared to simulate an equivalent electric field condition
of a transformer winding in the laboratory, the PCCC also
known as paper-oil insulation is configured in pigtail
arrangement [9]. Two copper conductors each of 9mm width,
3.5mm thickness and 130mm length are used to prepare the
samples. A representation of the developed pigtail model is
shown in Figurel, which has three portions namely, straight
portion of length 100mm at the center along with two bend
portions of 15mm on either side making an angle of 30 © with
the horizontal. These conductors are wrapped with 3 layers of
kraft paper insulation of 0.055mm thickness.
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Figure 1: Pig-Tail Configuration of Sample.

EHYV grade transformer oil procured in a single batch was used
for experiments in batches, a quantity of DBDS sulphur was
added to achieve 200ppm and 300ppm contamination level in
transformer oil to create sulphur contaminated oil for
experiments. This oil and the dry PCCC samples were treated
suitably for removing moisture. The dry PCCC samples with
due precaution were later immersed in oil for obtaining oil
impregnation PCCC samples for experiments.

PD Experimental setup with on-line tan measurement

A straight detection PD experimental setup is shown in Figure2.
The test voltage from 100kV, 10kVA testing transformer was
discharge free upto 70kV. The experiments are performed in a
Faraday cage where the background noise is less than 2pC.
Voltage of 1.4 times the inception voltage is applied to the test
specimen. The PD pulses appearing across the measuring
impedance are amplified with a wide band detector and is fed
to a data acquisition system developed using NI PCI-5154 card
having sampling rate of 2G samples/sec and bandwidth of
1GHz. For on-line tand measurement, the scaled down applied
voltage and current through the sample were acquired with 16
bit NI-ADC together with PD pulse data acquisition. The
acquired applied voltage signal was also used as reference for
phase resolved PD measurement.
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Figure. 2: Block Diagram Of Pd Measuring System

Experiments were performed with oil impregnated PCCC
samples placed in uncontaminated oil and in 200ppm and
300ppm DBDS sulphur contaminated oil. Tand values were
computed from phase difference measurement between applied
voltage and current signals. Also values of capacitance and
resistance were computed from tand values.

RESULTS AND DISCUSSIONS

a. Online tano Measurement
The variations of tand value for samples in treated
(uncontaminated) transformer oil, 200ppm and 300ppm DBDS
contaminated transformer oil is shown in Figures 3 to Figure 5.
It is observed from figure 6, that the time taken for change in
tand values in contaminated transformer oil is less compared to
that for the pure transformer oil. The change in tand between
initial and final values during experiments and the %change of
tand calculated between treated and contaminated oil are shown
in Table I.
The change in tand occurs due to the release of copper sulfide
and deleterious effect of PD. It is observed from Figure 4 that
the change in tand in a PCCC samples placed in treated oil
occurs at 1847 sec onwards and its value changes from
0.001745331 to 0.094527831. However for a PCCC samples
placed in 200ppm and 300ppm DBDS contamination levels,
the change in tand values are observed from 10sec and 21sec
onwards respectively as shown in Table I.

Writian of tan & in pure transfarmer oil

tan &

Figure.3: Variation of tand with time for pure transformer oil
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‘Warlation of tand in 200ppm DEOS contamimated transtformer ol

Figure.4: Variation of tand with time for 200ppm DBDS
contaminated oil

Wariation of tand in 300ppm DBDE conteminated tramlormer oil

Figure.5: Variation of tand with time for 300ppm DBDS
contaminated oil

change in tanb
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Figure.6: combined variation of tand with time for pure and
DBDS contaminated oil

Table I: change in tan-6 of pig-tail specimen with DBDS oil

Type of oil Time of | Change in tand | %
occurren | values change
ce Initial | Final of tand
(seconds)

Treated oil 1847 0.001 | 0.0945 | ---

7

200 [ 10 0.001 | 0.1943 [ 10563

el

3 |ep 7

<

g m
2 £ [300] 21 0.001 | 0.1619 | 71.34
257w 7

m

b. Change in capacitance of the PCCC
The variations of capacitance value are calculated in treated
transformer oil, 200ppm and 300ppm DBDS contaminated
transformer oil are shown in Figures 5. The change in
capacitance between initial and final values during
experiments and the %change of capacitance are calculated
for treated and contaminated oil and shown in Table II.

Table 11: change in capacitance of pig-tail specimen with pure
and DBDS contaminated oil

Type of oil Time of | Change in %change of
occurr | capacitance in pF capacitance
ence

Initial Final
Treated oil 1847 250.43 | 46.44
sec
= 200 | 10sec | 203.54 | 18.61 59.91
2 | PP
S |m
.5

% 5

g‘g 300 | 21sec | 162.83 | 17.77 61.72

AU | Pp

m

In all the experiments performed, the change in capacitance is
in accordance with tand behavior. It is observed from Figure 7
that the change in capacitance for samples in treated oil occurs
at 1847 sec onwards and its value changes from

250.43pF to 46.44487. However in 200ppm and 300ppm
DBDS contamination levels, the change in capacitance values
are observed from 10 sec and 21 sec onwards respectively and
its value reduces to 203 and 162 pF at starting respectively.
The capacitance reduction accounted to 59.91% in 200ppm
and 61.72% in 300ppm contaminated transformer oil
compared to treated transformer oil.

c. Change in resistance of the PCCC

The variations of resistance value is calculated for a PCCC
samples placed in treated transformer oil, 200ppm and
300ppm DBDS contaminated transformer oil are shown in
Figures 6. The change in resistance between initial and final
values during experiments and the %change of resistance are
calculated for treated and contaminated oil and shown in
Table Ill. The change in resistance is in lieu with tand
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behavior. It is observed from Figure 6 that the change in
resistance in treated oil occurs at 1847 sec onwards and its
value changes from 7.28GQ to 7.248GQ.

Change in capacetence in pure and DBDS contaminated oil

——200ppm-DEDS 300ppm-DEDS

Capacitence in pF

1845 27a; 313 3150 3905 as02
Time in seconds.

Figure 7. Combined change in capacitance in pure and DBDS
contaminated oil

Table I11: change in resistance of pig-tail specimen with oil

Type of ail Time Change of %chang
0 | Resistance in | e
f GQ
occurrence | Initial | Final | of
Resistan
ce
Treated oil 1847 sec 7.279 | 7.247 | ---
E 200 | 10 sec 6.959 | 6.832 | 5.73
@ £ — | ppm
2 5.5 300 | 2Lsec 5.499 | 5.429 | 24.22
AL 2 ppm

However in 200ppm and 300ppm DBDS contamination levels,
the change in resistance values are observed from 10sec and
21sec onwards respectively and its value reduces to

6.959 and 5.49GQ at starting respectively. The resistance
reduction accounted to 5.73% in 200ppm and 24.22% in
300ppm contaminated transformer oil compared to pure
transformer oil. It is observed that the resistance change in a
PCCC samples placed in contaminated oil is % change wise
small compared to that placed in treated transformer oil.

change in resistance in pure and DBDS contaminated oil

——treated oil ——200ppm-DBDS 300ppm-DEDS

1845 2602

1905
Axis Title

Figure 8. change in Resistance in pure and DBDS
contaminated oil

CONCLUSIONS

In order to understand the effect of DBDS sulfur on behavior of

insulating samples. Insulation properties is studied with PD.

tand, capacitance and resistance obtained with experiments.

Some of the important observations of the study are:

1. The change in tand occurs at early, and rapidly in higher
level of contamination of DBDS in transformer oil

2. The contamination levels have increasing negative effectson
the performance of the PCCC samples in transformer oil.

3. The early insulation deterioration occurs due to the presence
of DBDS and space charges created due to this. 4. The
change in the insulation behaviour is due to the change in
tand because of the presence of DBDS contamination in
transformer oil.
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