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Study of Super-low Frequency AC Withstand

Voltage Test of Large-scale Generator
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Abstract: The paper puts forward a super-low frequency withstand voltage test
equipment, which combines high-voltage generator of super-low frequency sine
wave and super-low frequency voltage measuring system. Advantages of
applying this equipment to AC withstand voltage test are analyzed. Then take 3#
generator of some nuclear power plant as an example and describe test methods
and procedures. The feasibility and reliability of this super-low frequency AC
voltage test of large-scale generator are verified and worthy of attention.
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Under the background of increasing
capacity of motor in nuclear power
plant, we face a trend of fast
development of generator winding
against frame and ground capacitance.
The capacity of transformer used in
the power frequency AC voltage test
for motor stater winding has also
improved greatly. Test equipment is
large in scale, causing many
inconveniences in actual operation.
Against  this problem, relevant
researchers put forward that we can
try to reduce the work frequency of
AC withstand voltage test. That is,
routine 50Hz can be reduced to
super-low 0.1Hz. The aim is to reduce
the capacity unit of test generator. In
other words, test equipment with low
capacity can be used to complete
high-frequency test. Therefore, it is of
important value to verify the
withstand voltage performance of
large-scale generator in the nuclear
power plant.

1. Basic Components of Super-low
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Frequency Withstand Voltage Test
Equipment

Equipment of super-low frequency
withstand voltage test is composed of
two parts. One part is high-voltage
generator of super-low frequency sine

wave while the other is
voltage-measuring system of
super-low frequency. Working

principle of high-voltage generator of
super-low frequency sine wave is as
follows: first, power-frequency source
forms relatively stable DC voltage
through rectification mode; then
convert into 1000Hz high-frequency
voltage through inverting current. The
high-frequency voltage can form
negative and positive polarity high
voltage through voltage step-up and a
series of operation; through dealing
with peak and phase of
voltage-sensitive elements, sine wave
is formed and adjusted; finally the
0.1Hz sine wave voltage is output.
Working principle of the other is in

the following. First of all, with the
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support of voltage divider, the voltage
of high-voltage signal is divided; then
conduct the signal sample and
sampling data is transmitted to
terminal display; finally, SCM (Single
Chip Microcomputer) is used to
calculate the test voltage value and
show test results at the terminal.

2. Advantages of Utilizing
Super-low Frequency Withstand
Voltage Test Equipment to Conduct
AC Withstand Voltage Test

It is high feasible to use the super-low
frequency withstand voltage test
equipment to conduct withstand
voltage test because of small volume
and simple pipelines. At the same time,
in actual application, this AC voltage
test based on super-low frequency has
following outstanding advantages:

(1) Super-low withstand voltage test
equipment of large-scale generator
can be supportive of AC voltage test.
In terms of compound motor of
nuclear power plant, voltage
distribution on inner dielectric
insulation is based on the capacitance.
In other words, voltage distribution of
50Hz frequency is highly consistent
with 0.1Hz. Hence, power frequency
withstand voltage test and super-low
voltage test have the feature of high
equivalence.

(2) This test equipment can correctly
display insulation defect at winding
end of large-scale generator. Under
the operation of power frequency
voltage, after the capacitive current
flows from winding bar, great voltage
drop will occur when the current
passes through the anti-corona layer,
further reducing the voltage-bearing
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level of insulation bar at the winding
end. However, under the operation of

super-low frequency, owing to
obvious reduction of voltage
frequency, the capacitive current

presents a obvious trend of reduction.
Improving the voltage level of
insulation layer at the winding end
will help to obtain more accurate and
timely results.

(3) Application of this test equipment
can not only reduce the amount of
partial discharge in the inner
insulation during the AC voltage test,
but also prolong service life of motor
insulation.

3. Example Analysis
3.1 Test overview

0.1Hz  withstand voltage test
equipment and test method rather
than routine 50.0Hz power frequency
voltage test method was utilized to
conduct AC withstand voltage test
when 3# generator of some nuclear
power plant was being maintained.
Basic technical parameters of 3#
generator are as follows: (1) rated
voltage = 20.0kV; (2) rated current =
9339.04; (3) rated power = 330.0MW;
(4) rated power coefficient = 0.85.

3.2 Test procedure

Firstly: connect super-low withstand
voltage test equipment of large-scale
generator according to design method;
arrange workers to carefully check
wiring condition; close power source
switch  after  confirming  that
everything goes well and start test
controller.

Secondly: set relevant test parameters
of this equipment: (1) output
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frequency = 0.1MHz; (2) test time =
60.0s; (3) test voltage = 50.9kV; (4)
over-voltage protection value =
55.9kV; (5) overcurrent protection
value = 0.1mA.

Thirdly: make test equipment
automatically raising the voltage by
pressing the set-up bufton of test
equipment; raise the voltage from 0kV
to 50.0kV in a uniform speed.

Fourthly: after the voltage of test
equipment reaches 50.0kV, adjust the
voltage through operating
slight-adjustment button of the test
equipment to reach 50.9kV as control
standard; then start timing, reduce the
voltage in a uniform speed after the
time reaches 60.0s and do discharge
operation.

Finally: before and after the AC
withstand voltage test, calculate
insulation resistance parameters and
corresponding ratio under different
conditions, which determines whether
the insulation performance of the
generator has the defects.

3.3 Test results

Combing with relevant research data,
we can see that current absorption
react is not obvious when insulation
performance breakdowns. As time
prolongs, the current value slowly
reduces. In this study, take 50.09kV as
the test voltage and obtain insulation
resistance and absorption ratio of 3#
generator under the 15.0s and 60s
condition. Related data is shown in
Table 1. Based on Table 1, before and
after the AC withstand voltage test,
insulation parameters and absorption
ratio of each phase vary slightly, which
is  consistent with  regulation
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requirements. Therefore, as for 3#
generator, problems of flashover or
breakdown of insulation resistance
did not occur during the test. So the
test performance is qualified and
reliable.

Tab. 1 Comparison table of insulation
resistance and absorption ratio at
each stage before and after the test

Group Before the test After thetest
135 s Absorption | 135 {003 Alisortion
amsulazon | insuiation | ratio inslation  insulation | rato

sl | resisiens resisliene  resisbonre
1 163 26l 14 210 B34 238
v 212 411 190 50 418 Lad

w 183 a0 1.7 fad RT7 T4

4. Conclusions

The generator of nuclear power plant
is million MW nuclear power unit. So
it is necessary to conduct AC or DC
withstand  voltage  test  after
installation. The aim is to completely
check and evaluate insulation
performance of the generator. The aim
of DC voltage test is to evaluate
whether the generator has interval
defect and end defect. As for AC
withstand voltage test, because
voltage waveform and work frequency
are consistent with work voltage of
the generator during the test, voltage
distribution and breakdown
performance conform to work
condition of the generator. In terms of
insulation deterioration and
breakdown effect, AC withstand
voltage test can effectively detect
insulation defect of slot part. To
improve the precision of AC voltage
test and simplify test operation, this
study puts forward a method
applicable to AC test of large-scale
generator. Using super-low frequency

voltage test equipment to conduct
Copy right © HIMALAYAL
All right reserved.



@) Himalayal”

WIWW.HIMALAYAL.COM.CN

withstand voltage test can be of great
significance to ensure test results and
are worthy of attention.
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