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Abstract: Excessive discharge has been found in the 2.1 bushing at the valve side
of HY12 converter transformer in Yunan-Guangdong UHVDC project during the
AC withstand voltage test and partial discharge test. Based on the field
distribution of valve-side winding in the insulation test and test data of voltage
raising process, the paper analyzes the partial discharge circuit and concludes
that the excessive discharge is caused by internal partial discharge of 2.1 bushing.
After the replacement of 2.1 bushing, the tests are successfully carried out.
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The model of ±800kV high-end
converter transformer HY12 in the
Yunan-Guangdong DCUHV
transmission project is
ZZDFPSZ-250000/800. The model
of valve-side bushing is GSETF
2090/844-3600. The delivery test
began on 4th March 2010. The
valve-side AC withstand voltage test
and partial discharge measurement is
carried out according to test
procedure following successful
conduction of the valve-side winding
DC dielectric test, partial discharge
measurement and DC polarity
reversal test. When the test voltage
rises to 750kV, quantity of partial
discharge exceeds 1000pC.

1. Analysis of Field Domain of
Valve-sideWinding and Bushing

Under the influence of AC voltage,
electric field distribution of oil-paper
insulation is determined by
permittivity; its distribution is
capacitive; material permittivity
does not change as factors such as
temperature and field strength vary;
electric field distribution is linear.
However, under the influence of DC
voltage, electric field distribution of
oil-paper insulation is mainly
dependent on the resistivity of
material; the distribution is resistive;
the resistivity of material changes
according to the temperature and field
strength; the distribution of DC
electric field is non-linear.

As for internal converter transformer,
the electric field is mainly distributed
in the oil-immersed paper under the
influence of DC voltage; valve-side DC
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withstand voltage test mainly assesses
the oil-immersed paper insulation.
Under the influence of AC voltage,
electric field is mainly distributed in
the transformer oil; valve-side AC
withstand voltage test mainly assesses
the dielectric level of transformer oil.

The valve-side bushing of ±800kV
converter transformer adopts
resin-immersed paper capacitive
structure, which is composed of
sheath, capacitor core, central
conductor, flange installed in the
middle, connection sleeve, tail corona
ball and shielding. As the main
insulation, the epoxy resin immersed
capacitor core is made according to
the principle of capacitance and
resistance voltage. The exterior is
composite sheath and SF6 is filled
between the sheath and capacitor
core. It is easy to form the small
bubble cavity during the vacuum resin
immersed process of capacitor core
and generate the discharge under the
influence of AC voltage.

Hence, even though this converter
transformer has successfully passed
DC withstand voltage test and polarity
reversal test, partial discharge still
exceeds the limit during the valve-side
AC withstand voltage test. The reason
is that assessed insulation part is
different for AC dielectric test and DC
dielectric test.

2. AC Applied Withstand Voltage
Test of Valve-side Winding

The valve-side AC withstand voltage
test and PD measurement are used to
assess AC withstand strength of
valve-side winding to grid side and
ground and insulation performance at

AC voltage. According to the
regulations stated in the reference [8],
the voltage of delivery test should be
909kV (peak value / 2 ); the
frequency is 5Hz and the duration is
60min. According to the requirement
of technical standards of converter
transformer, the quantity of partial
discharge should not be more than
300pC.

Since that test voltage is very high,
method of series resonance is adopted
to increase the voltage; grid side
winding short-circuits and is
grounded; valve-side winding
short-circuits and is connected to
output terminal of test device. The
impulse current method is used to
measure the quantity of partial
discharge. The detection impedance
elements (the impedance - Zm) are
connected to 2.1 bushing and 2.2
bushing end shield in series and
signals from two PD circuits are taken.
The partial discharge measurement
wiring is shown in Fig.1.

Fig.1 Schematic diagram of the test
circuit

When the voltage rises to 100kV and
becomes stable, quantity of partial
discharge is measured; then the
voltage is raised for more 100kV if the
measurement is normal. When the
voltage rises to 600kV, the quantity of
partial discharge of 2.1 channel and
2.2 channel starts to increase; when
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the voltage reaches 750kV, quantity of
partial discharge of 2.1 channel is
between 1000pC and 2000pC. Test
results are shown in Tab.1.

To figure out the source of PD signal,
the PD measuring detection
impedance of 2.1 channel exchanges
with that of 2.2 channel; the step-up
test is conducted again and test result
is consistent with that of the first test,
which rules out the fault of PD
measuring system. The detailed test
results are shown in Tab.2.

3. Analysis of Causes for Excessive
Partial Discharge

Based on Fig.1, the equivalent circuit
of partial discharge measurement is
illustrated in Fig.2 (a).

L: circuit inductance of test device

C0: test device and lead to ground
capacitance

Cx: the capacitance of valve-side
winding to grid side winding and
ground

C1: capacitance of 2.1 bushing

C2: capacitance of 2.2 bushing

Zm1 & Zm2: PD detection impedance

The circuit inductance can be
regarded as open circuit now that
partial discharge is high-frequency
signal; using above-mentioned circuit
cannot distinguish partial discharge
from that of test transformer. As a
result, Cx’ replaces C0 and Cx in parallel
and Fig.2 can be simplified into Fig.2
(b).

Fig.2 Equivalent circuit diagram of
partial discharge measurement

The Cx’ capacitive value can be
obtained based on tanδ and test
results. Also, we can get C1 & C2
capacitive value through looking up
the nameplate. The data is specified in
formula (1) and (2).

C1 = C2= 1.000nF (1)

Cx’ = C2+ C ≈16.34nF (2)

For the detection impedance with the
same model, its impedance value Zm1
= Zm2. Based on the Fig.2 (b), relation
between PD detection data of 2.1
channel and that of 2.2 channel is
analyzed and then the place where PD
occurs is determined on condition
that partial discharge happens to C1 ,
C2 and Cx’ and the quantity of partial
discharge for rest parts is zero.

1) It is assumed that partial discharge
occurs to Cx’, Cx’, Zm1 and C1 constitute
discharge circuit 1 while Cx’, Zm2 and C2
make up discharge circuit 2. The
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impedance of circuit 1 and 2 is as
follows:

According to formula (1), (3) and (4),
Z1 = Z2; qa1=qa3; if partial discharge
happens to internal insulation of test
device or converter transformer, PD
data of 2.1 channel should be
consistent with that of 2.2 channel.
The possibility is ruled out that partial
discharge of test device or converter
transformer causes 2.1 channel PD to
exceed the limit.

2) It is assumed that partial discharge
occurs to C1, C1, Zm1 and Cx’ make up
discharge circuit 1 and the current of
circuit 1 is represented by i1 while C1,
Zm1 , Zm2 and C2 form discharge circuit
2 and the current of circuit 2 is
represented by i2.

I1= i1+ i2

I3=i2

Meanwhile, because Cx’ is much more
than C2 , i1 is far more than i2 and I1 is
more than I3. Hence, qa1 is a lot more
than qa3. In other words, the detected
PD of 2.1 channel is much more than
that of 2.2 channel, which is
consistent with test process data.

2) It is assumed that partial discharge
occurs to C2, C2, Zm2 and Cx’ make up
discharge circuit 1 and the current of
circuit 1 is represented by i1; C2, Zm2,
Zm1 andC1 form discharge circuit 2 and
the current of circuit 2 is represented
by i2.

I1= i2

I3=i1+ i2

Therefore, qa1 ＜ qa3 。 Namely, the
detected PD quantity of 2.1channel is
less than that of 2.2 channel. That
excludes the possibility that partial
discharge of 2.2 channel causes 2.1
channel PD to exceed the limit.

It is concluded that internal partial
discharge of 2.1 bushing causes the
PD to exceed the limit. The valve-side
2.1 bushing of converter transformer
was exchanged on 12th March. After
oil treatment and stewing, AC applied
withstand voltage test for valve-side
winding and partial discharge
measurement were carried out again
on 25thMarch. The test still adopts the
method shown in Fig.1. The partial
discharge is measured from 2.1 and
2.2 bushing respectively; the voltage is
raised to 909kV; the quantity of
partial discharge within 60min did
not exceed 100pC; the test is
conducted successfully.

4. Conclusions

Based on the principle of AC applied
withstand voltage test of converter
transformer valve-side winding and
PD measurement, the paper analyzes
equivalent circuit of PD measurement
and factors. The internal relation
between two PD signals and broken
bushing is found out based on the
internal relation and actual data. The
analysis method presented in the
paper can effectively distinguish
partial discharge caused by bushing
defect from that caused by internal
insulation defect of transformer.
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