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On-site DC Dielectric Test of ±800kV DC Equipment

Chen Zhong
HIMALAYAL - SHANGHAI - CHINA

Abstract: The paper presents first on-site DC dielectric test of ±800kV UHVDC
equipment in ±800kV UHVDC project, which is carried out at the converter
station. It can provide a reference for similar tests and researches in the future.
The test scheme and test data are analyzed. The least squares of two models are
utilized to perform fitting of test data and volt-amphere characteristics of DC
dielectric test of ± 800kV UHV equipment are obtained. It is found that it
accords with the function of quadratic polynomial, and the initial voltage of
non-linearity strong corona is about 400kV. The test results verify the
volt-amphere characteristics of on-site DC dielectric test and the influence of
connection mode, safety distance and altitude on test results.
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1. Introduction

It is the first time for a ±800kV UHV
equipment to be used in the some
UHVDC transmission project. How to
test its insulation status before use
poses a new challenge for HV
technology sector. Through
unremitting efforts of related experts,
scientific and technical staff, an
Outline of Handover Test for
xx-xx±800kV DC Equipment is
officially issued, which provides a
basis for UHV equipment. Although
the withstand voltage test is
performed on ±800kV UHV
equipment before leaving the factory,
an Outline of Handover Test for
xx-xx±800kV DC Equipment and
relevant standards should be strictly
adhered to examine the insulation
status after transport and installation.
The withstand voltage test must be
carried out on site for the UHV

equipment. The paper presents the DC
dielectric test of ±800kV UHV
equipment of UHVDC transmission
project.

2. Determination of Test Scheme

2.1 Equipment under test (EUT)
and withstand value

The ±800kV UHVDC transmission
project is put into operation in stages
with No.2 pole in June 2009 and
double-pole in 2010. Hence, part of
equipment has not been installed
when the first DC dielectric test was
carried out for ±800kV UHV
equipment on May 2009. Pieces of
±800kV UHV equipment for DC
dielectric test are as follows: 4 sets of
±800kV DC current measuring devices
(No. 21B12-R1, 21B01-R1, 22B12-R1
and 22B01-R1), 2 sets of ±800kV DC
voltage measuring devices (No
21B01-R5 and 22B01-R5) and 2 sets
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of ±800kV DC coupling capacitors (No
21B01-C1 and 22B01-C1). According
to an Outline of Handover Test for
xx-xx±800kV DC Equipment and
relevant standards, the value of
on-site withstand voltage of above
equipment is 80% of ex-factory test,
namely, 960kV and the withstand
voltage time is 5min.

2.2 Parameters of test equipment

Whether the test is successful is
largely related to test equipment and
many factors should be considered
again, including output voltage, the
capacity, precision, stability and
environmental conditions. Hence, 2
sets of DC HV generators are specially
customized for the test of UHV project.
Main parameters are shown in Tab.1.

Tab.1 Main parameters of test
equipment

Test Parameter Value

Rated output
voltage/kV

0~1200 (adjustable)

Rated output
current/mA

10

Rated output
power/kW

12

Output pole P/N

Output lasting
time/min

120

Coefficient ≤1.0

Temperature -10~45

Voltage
precision/kV

±(1%Umes+3)

Current ±(1%Umes+3)

precision/uA

Voltage stability ＜0.5% (change±5%)

＜ 0.5%
(change±10%)

2.3 Determination of test scheme

There are 6 sets of equipment directly
involved in the DC dielectric test in
total. For each pole, there are 1 set of
800kV voltage divider and 2 sets of
800kV shunts. The wiring method of
pole 1 is shown in Fig.1. The DC
voltage divider (No 21B01-R5) is
connected with 1 set of shunt (No
21B12-R1) while the other shunt (No
21B21-R1) is far away. The length of
connection equipment is about 120m.
Except pole 1 reactor L1 and L2 and
accessories, other pieces of equipment
are basically installed. Because the
pieces of equipment are densely
arranged in the joint between voltage
divider (No 21B01-R5) and shunt (No.
21B01-R1), there are 2 sets of
arresters and 1 set of coupling
capacitor (disassembled at that time)
connected through more than 10
meters of bus tube. The test
equipment is high (see Fig.2) and
floor area is large. Hence, it is
necessary to install on site. The
equipment has to be placed on the
smooth road. The safety cannot be
guaranteed if putting the test
equipment on this area. Finally, the
test equipment is placed on the road
near to the shunt (No.21B12-R1) and
three sets of EUT for each pole. Except
the equipment separated by the knife
switch, 8m safety distance is required
between other equipment and EUT.
Three sections of arrester
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(No 21B01-F3, 22B01-F3), shunt (No
20B01-R1, 22B01-R1) and about 10m
bus tube between arresters
(21B01-F1, 22B01-F1 ) are
dismantled; the connecting knife
switch among three sets of EUTs is on.
As shown in Fig.1, switch-off of No
21B12-Q1, 21B12-Q3 and 21B03-Q1
and switch-on of 21B12-Q9 presents
the wiring method of withstand
voltage test equipment. The
advantages of this scheme are as
follows: it is easy to guarantee the
safety distance, installed devices are
dismantled at least; the insulation
status of knife switch, support
insulators are examined, However,
this scheme comes with about 150m
bus tube and its supports so leakage
current will be great. Therefore,
measures should be taken to reduce
corona discharge.

Fig.2 Appearance of test equipment

Main steps taken on site are listed: ①
Test equipment is connected to bus
tube of EUT through Ø300 aluminum
foil flexible tube; ② use Ø300
aluminum foil flexible tube (flat
copper strips) to connect supporting
insulators, the safety distance from
which to withstand equipment is not
enough; ③ use Ø300 aluminum foil
flexible tube to connect pole 2 reactor
L1 and L2; ④ Owning to uninstalled
pole 1 reactors L1 and L2, use 3 flat
copper strips to connect 35m black
space; ⑤ corona rings are applied for
all pieces of test equipment.

3. Test Data and Analysis

The test is carried out just in the rainy
season; the humidity is great and the
temperature is high. Thanks to
measures of reducing corona
discharge and far distance between
tester and EUT (about 20m), the
sound of corona discharge is very low
and there is no breakdown
phenomenon during the withstand
voltage process. The UHV equipment
passes the withstand voltage test,
which proves that the test scheme and
safety distance is correct. The test
data is shown in Tab.2. Temperature
of pole 1 and 2 is 31℃ and 29℃
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respectively; relative humidity is 83%
and 81%.

The on-site test data is drawn into the
curve of volt-amphere characteristics.
Based on Tab 2 and Fig.3, it is found
that the data of two polarities has the
same trend. When the voltage ≤400kV,
the volt-amphere characteristic is
close to the linearity; however, when
the voltage ＞ 400kV, as the test
voltage increases, the rising speed of
leakage current also increases. There
is a large difference between absolute
values of two polarities. As for the
absolute value of leakage current,
relevant regulations and standards do
not have requirements. Take Tab.2 as
an example. The pole 1 test uses 35m
of flat copper strips, resulting in one
multiple of total leaked current.
However, leaked current during the
dielectric test of two-pole UHV
equipment keeps stable. Therefore,
test results meet the requirements,
which indicate that the insulation
status of EUT is good.

Fig.3 Volt-amphere characteristics of
on-site DC dielectric test of 800kV DC
equipment

In order to understand the
volt-amphere characteristics of UHV
equipment during the withstand
process more clearly, the method of
least squares is used to fit based on

Tab.2.

Tab.2 Test data

U-- test voltage kV

I -- leakage current mA

The fitting result of pole 1 data is
listed below:

I =
4.3592×10-6U2+0.000542U+0.052943

The fitting result of pole 2 data is
listed below:

I = 4.1×10-6U2-0.00145U+0.116811

The comparison between full-section
fitting result and actual data is shown
in Tab.3. The leakage current variance
of pole 1 and 2 is 0.01702mA and
0.07301mA respectively.

Tab.3 Comparison between actual
data and full fitting data

For 400kV and below, use linear
model to perform least squares fitting;
for above 400kV, use quadratic
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function model. The fitting result of
pole 1 data:

U≤400kV, I=0.002526U-0.04449

U ＞ 400kV,
I=5.44×10-6U2-0.00091U+0.493349

The fitting result of pole 2 data:

U≤400kV, I=0.000633U+0.004846

U ＞ 400kV,
I=6.41×10-6U2-0.00451U+1.025098

The comparison between subsection
fitting result and actual data is shown
in Tab.4. The leakage current variance
of pole 1 and 2 is 0.01125mA and
0.00191mA respectively.

Tab.4 Comparison between actual
data and subsection fitting data

According to the comparison between
Tab.3 and 4, it is found that the
subsection fitting result is superior to
that of full-section for pole 2 data
taking 400kV as the demarcation
point. However, the subsection fitting
improves slightly compared with the
full-section fitting for pole 1. That
further indicates that the corona
voltage of flat copper strips is lower.
The above results fully indicate that
the demarcation point is 400kV test
voltage for UHV withstand voltage test.
Results of pole 1 and 2 are
representative. For the reference in

the future, there is a need to take the
effect of the length of bus line,
quantity of supporting insulator and
temperature etc into account.

4. Comparison between
Two-terminal Converter Station
Data

The similar method is used to conduct
the DC dielectric test on test object in
the converter station at an altitude of
2000m. The difference is that the
knife switch Q9 between HV reactor
and pole 1 outlet is off; each pole uses
two times of tests to finish with
coupling capacitor. The flat wave
reactor of pole 1 has not been
installed. Use the flat copper strips to
do similar short-circuit and the
comparison between measured
leakage current and the above data is
shown in Tab.5. The leakage current of
coupling capacitor in the test is 1.6mA.
To facilitate the comparison, the total
current minus 1.6mA.

Tab.5 Comparison of test data of
both side of converter station

Based on Tab.5, the leakage current of
each pole of side converter station at
high altitude is 6% more than low
altitude, but side converter is the sum
of two tests current. The current
difference of two polarities are 1.72%
and -1.92%. Hence, the test results did
not indicate that the altitude has an
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obvious influence on the leakage
current.

5. Conclusions

a) The VA characteristic of DC
dielectric test for ±800kV UHV
equipment is non-linear. Especially
when the test voltage is more than
400kV, the test object presents the
feature of quadratic function.

b) If using thin connection lines in the
DC dielectric test, the connection
method of multi-lines split can reduce
the corona current more obviously
than single line connection.

c) As for 960kV on-site test voltage,
the safety distance is 8m and the
distance can be shorter under uniform
electric field. If using the knife switch,
the safety distance is around 6m.

d) The altitude has little effect on the
leakage current of DC dielectric test
for ±800kV UHV equipment.

e) Practice has proved that the whole
test scheme - one time for each pole is
workable.


