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AbstractAbstractAbstractAbstract: In order to study transformer winding inter-turn discharge caused by corrosive
sulphur,A series of comparative tests were designed.Firstly,a series of accelerated aging
tests of transformer oil were completed.All the oil samples were processed by
dehydration and degasification ,then divided into three groups,one group samples were
added with insulation paper wrapped-copper electrodes and sulphur.while the other
group samples were added with electrodes but no sulphur,then aged under 130℃ for
14,24 and 30 days respectively.Next a number of experiments were taken to research the
discharge process according to IEC standard methods.The results indicated that the
partial discharge inception voltage by corrosive sulfide dropped very significantly
compared with the electrodes without sulphur ,and it reduced with the aging time ,but the
breakdown voltage variation was much smaller and during the whole developing process,
the discharge capacity was increasing with the time until breakdown on the whole,At the
same time ,the spark and bubbles.could be seen.Those results are valuable for
evaluating the transformer condition order of severity corroded by corrosive sulphur and
helpful to evaluating the large transformer life and monitoring the condition of large
electrical power transformers.

1111 INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

In recent years,the transformer accidents caused
by corrosive sulphur have occurred several
times ,and caused great loss to the power grid.As
the transformer is of great importance to power
gird ,people have paid great attention to the
problem.

It is generally considered that the source of
corrosive sulphur was from the transformer oil and
formed Dibenzyl disulfide(DBDS),and it reacted
with copper,and resulted in copper-sulfide
deposition on the insulation paper, degraded the
insulation paper strength and led to transformer
accidents finally.[1].The dissolved oxygen and the
content of copper have played an important role in
the process of generating cuprous sulfide,and
cuprous sulfide resulted from Cu-DBDS,and the
existence of oxygen could accelerate the cuprous
sulfide deposition.[2-3] and some solutions have
been suggested to reduce the corrosive sulphur[4-
5].But rare papers have reported about the
characteristic of insulated paper corroded by
sulphur。

In order to study this discharge phenomenon, the
transformer winding inter-turn model was
designed ,which was called pigtail model[6].shown
in figure 1,the model consits of two coil
windings,each of size is 16cm length,0.2cm
thickness,1.4cm width.Each coil winding is divided
into three portions.the straight portion is 10cm ，
with a bent portion extending to 3cm,and making

an angle of about 30 ° to the horizontal.and the
ends were polished in advance.

FigureFigureFigureFigure 1111:::: Pigtail model

2222 EXPERIMENTALEXPERIMENTALEXPERIMENTALEXPERIMENTAL PROCEDUREPROCEDUREPROCEDUREPROCEDURE

2.12.12.12.1 ThermalThermalThermalThermal agingagingagingaging teststeststeststests

Thermal aging tests are done with 25# Kunlun
transformer oil ,and each sample with 1500mL and
400mg sulphur to simulate the the real
environment in 130℃,The sulphur concentration is
0.3mg/g .Before the thermal aging,the samples
were pumping to vacuum under 50 Pa,105℃ for
24 hours,and then immersed in oil for 24 hours.The
aging period is for 14 days,24 days and 30 days
respectively,and take samples to do experiments
regularly.The samples are shown in Figure 2 to
Figure 4 after thermal tests.
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FigureFigureFigureFigure 2222 :::: Aging for 30 days

FigureFigureFigureFigure 3333:::: Aging for 24 days

FigureFigureFigureFigure 4444:::: Aging for 14 days

2.22.22.22.2 ExperimentExperimentExperimentExperiment ResearchResearchResearchResearch

Transformer is used as the electrical source,which
the capacity is 10kVA, rated voltage 120kV.and the
whole system discharge is under 5pC when the
voltage is 60kV.and the equivalent circuit is shown
in Figure 5 and 6.

FigureFigureFigureFigure 5:5:5:5: Transformer

FigureFigureFigureFigure 6666:::: Equivalent circuit
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3.13.13.13.1 PDIVPDIVPDIVPDIV andandandand breakdownbreakdownbreakdownbreakdown voltagevoltagevoltagevoltage

Firstly, two samples are selected from different
periods to measure the partial discharge inception
voltage(PDIV) and breakdown voltage.The results
are listed in Table 1

period

PDIV(kV) Breakdown(kV)

With
sulphur

No
sulphur

With
sulphur

No
sulphur

14 25 15 41.6 43.1

24 24.5 27 45 44

30 11.2 39 48.25 46

3.23.23.23.2 THETHETHETHE DISCHARGEDISCHARGEDISCHARGEDISCHARGE PROCESSPROCESSPROCESSPROCESS

Three typical experiments were taken to
demonstrate the whole process for aging 14
days ,24 days and 30 days,And measured the
average discharge magnitude,maximum discharge
magnitude ,pulse numbers.

3.2.1 Samples aging for 14 days with sulphur

FigureFigureFigureFigure 7:7:7:7: Average magnitude

FigureFigureFigureFigure 8:8:8:8: Maximum magnitude

FigureFigureFigureFigure 9:9:9:9: Pulse number
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3.2.2 Samples aging for 24 days with sulphur

FigureFigureFigureFigure 10:10:10:10: Average magnitude

FigureFigureFigureFigure 11:11:11:11: Maximum magnitude

FigureFigureFigureFigure 12:12:12:12:Pulse number

3.2.3 Samples aging for 30 days with sulphur

FigureFigureFigureFigure 13131313：Average magnitude

Figure14Figure14Figure14Figure14：Maximum magnitude

FigureFigureFigureFigure 15151515：Pulse number

3.2.4 Samples near breakdown

FigureFigureFigureFigure 16161616：Aging for 30 days

FigureFigureFigureFigure 17171717：Aging for 24 days

FigureFigureFigureFigure 18181818：Aging for 14 days

4444 CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION

Three different aging samples have been
studied,the experiments have demonstrated that
corrosive sulphur has great effect on the
transformer winding inter-turn insulation.some
salient features of study are:

1) The PDIV variations between different aging
periods are obvious,and it dropped very
sharply with the aging time.but the breakdown
voltage variations are smaller.This is because
the outer insulation papers are more likely to
suffer from sulphur corrosion,but the inner
papers are less.The outer insulation papers
became worse with the aging time,and the
PDIV also decreased. The breakdown voltage
is determined by the inner and outer insulation
papers ,but the inner papers are less likely to
suffer from sulphur corrosion,the breakdown
voltage is almost in the same level.

2) The average magnitude,maximum magnitude
pulse number are calculated in 100 cycles
every 10 minutes,and all statistical figures are
shown in Figure 7 to Figure 15.All calculated
parameters are growing in the exponential
rule,and grow very quickly near breakdown.In
addition, the whole discharge process can be
divided into two stages: the stable stage and
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turkestan increase stage. The stable stage
covers the early and middle stage and the
turkestan increase stage covers the late
stage.The whole discharge process has a
turning point.

3) At the early and middle stage,the discharge
amplitude is stable,but at the late stage,near
breakdown,discharge amplitude is growing
very fast,and it can be observed spark and
bubbles.
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