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Abstract. Capacitor voltage transformer (hereinafter referred to as CVT) with the growth of the capacitance 
of the operation period of aging, the phenomenon of breakdown, resulting in measurement, automation, 
protection and other equipment abnormalities. Under the influence of preventive test procedures, lack of 
accuracy, insufficient capacity, low test voltage, the preventive test project can not detect the initial failure of 
the capacitor and the breakdown of a few capacitor elements. The operating voltage as reference voltage, 
estimate feasibility analysis of CVT capacitor element of the state by the state of the secondary voltage, and 
through the field, find out more abnormal CVT can achieve CVT capacitor element of online monitoring 
function is proposed. 

1 Introduction 

Capacitor voltage transformer (CVT) is an electrical 
equipment composed of capacitor voltage divider and 
electromagnetic unit of medium voltage. It is 
characterized by simple structure and lower cost at higher 
voltage. At present, CVT is generally used in 500kV 
substations in China[1,2]. 

CVT monitors the operation of power grid. However, 
the breakdown of capacitors could lead to abnormal 
secondary voltage and inconsistency between the 
monitored voltage and the actual voltage. In extreme cases, 
it will affect the operation of secondary equipment 
featuring automation or protective functions. 

Case 1: In August, 2015, there was a huge voltage 
deviation of up to 2.5-3kV between two buses at a 500kV 
substation, which directly affected the AVC regulation at 
the dispatching side. After the power failure test at #2 bus, 
the voltage error of phase A and C was found to be up to 
+0.94% and +0.70%, far beyond the range of ±0.2%. 
However, the dielectric loss and capacitance values were 
found normal in the pre-test[3]. 

Case 2: When a 500kV transmission line resumed 
power transmission, the voltage exceeded 550kV, which 
caused failure of the automatic synchronization device. In 
the test of percent ratio error, it was found that phase A, B 
and C had an error of +1.16%, +1.12% and +1.76%, far 
exceeding the tolerance value. However, the dielectric loss 
and capacitance values were found normal in the pre-
test[3]. 

The breakdown of capacitor will lead to large 
deviation of secondary voltage and inaccurate 
measurement, which will directly affect the delivery of 
electricity. Compared with traditional electromagnetic PT, 
CVT has poorer transient responses due to energy storage 
components such as capacitors and damping reactors. 

Capacitor breakdown often takes place under lightning 
overvoltage and operation overvoltage. If the breakdown 
of CVT capacitor component occurs simultaneously with 
lightning overvoltage and operation overvoltage, it may 
cause the failure of distance protection [4]. 

2 Analysis of Possible Causes 

The capacitor set of CVT is formed by 1 to 4 coupling 
capacitors and capacitor voltage dividers. Each coupling 
capacitor or capacitor voltage divider is equipped with 
dozens of capacitor component connected in series and 
sealed with diphenylethane. All capacitor components of 
high-voltage capacitor C1 and medium-voltage capacitor 
C2 are installed in 1-4 ceramic sleeves. 

At present, polypropylene film and capacitor paper 
composite medium (also known as "film and paper 
composite medium") is widely used at home and abroad 
[5]. With the increase of service life or defects in packaging, 
capacitor components may be broken down under 
operation overvoltage and lightning overvoltage. The 
breakdown of the remaining components will be 
accelerated as a result of increase in the withstand voltage, 
as shown in Figure 1. However, the latest all-film 
dielectric would greatly improve the insulation property of 
capacitors and reduce carbon pollutants created by 
composite dielectric after the breakdown of the coupling 
capacitor[6]. 

 

 
Figure 1a Initial stage of breakdown 
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Figure 1b Complete breakdown 

3 Analysis of Capacitor Breakdown in 
Pre-test 

The Pre-test Regulation of Power Equipment requires 
CVT to go through high voltage test in case of power 
failure to ensure the capacitance value and dielectric loss 
test meet the requirement in such situation. The pre-test 
stipulates that the capacitance value of each section should 
be kept within the range of -5%~+10% of rated value, and 
the tanδ value at 10kV shall not exceed 0.4% (film-paper 
composite insulation). 

However, in the actual test, all the pre-test items of 
several abnormal CVT were qualified. The paper 
explained why the pre-test items did not accurately 
indicate the breakdown of capacitor components in the 
next section. 

3.1 Low standard set by the pre-test 

Assume each capacitor of C11, C12, C13 and C14 
(including C2) of a CVT consists of 82 capacitor 
components in series, where the C2 capacitor is connected 
by 15 capacitor components in series. When there are a 
total of n capacitor components suffering from breakdown 
in any section of C11, C12, C13 and C14 (not including 
C2), the capacitance deviation P=n/(82-n)*100%. When 
there is only one capacitor component of breakdown, the 
capacitance deviation is +1.23%. When there are two 
components of breakdown, the number goes up to +2.50%, 
all within the range. Therefore, when there is only one 
capacitor component experiencing breakdown, there is no 
need to handle it according to the pre-test procedure. In 
other words, when there is only a limited number of 
capacitor breakdown, it will not be considered as 
abnormal, and the CVT will have a percent ratio error way 
beyond tolerance. 

3.2 Relatively low voltage in the pre-test  

The large capacitance of CVT would cause insufficient 
capacity of field test instrument. According to the 
regulations, the applied voltage of each section was set at 
10kV. Given each section had 82 capacitor components, 
the applied voltage of each capacitor component was 
calculated at Usingle =10000/82=122(V), while the 
voltage after operation was 500/√3kV. Therefore, the 
applied voltage of each capacitor component was 
Usingle’= 500000/√3/(82*4)=880(V). The voltage after 
operation was far higher than the test voltage.  

In order to verify the influence of the test voltage on 
the test results, the CVT was returned to the factory for 
test, where the dielectric loss and capacitance values of 

CVT were tested at 10kV and 72kV voltages respectively. 
The test results are shown in Table 1. 

Table 1 Test results of CVT under different voltages 

Original 
capacitanc

e value 
/nF 

Tested at 
10kV 

voltages 
tgδ/% 

Tested at 
10kV 

voltages 
CX/nF 

Tested at 
72kV 

voltages 
tgδ/% 

Tested at 
72kV 

voltages 
CX/nF 

20497 0.302 20763 0.123 20747 

20540 0.150 20540 0.118 20801 

20317 0.161 20381 0.111 20382 

20428 0.303 20436 0.137 20688 

 
It can be seen that the test voltage has a great impact 

on the test results. However, due to limitations of the field, 
it was impossible to further increase test voltage at the site. 
Meanwhile, it also shows that there may be two possible 
causes of capacitor breakdown. It could be caused by the 
direct adhesion of two polar plates, where the capacitance 
value of the unit was 0 under test voltage and operating 
voltage. It could also be caused by particles formed by 
dielectric breakdown and carbonization between electrode 
plates of capacitor component. The capacitance value was 
normal at 10kV, while the capacitance value of the unit 
was 0 when the carbonized particles were directly 
conducted at high voltage in normal operation. 

3.3 Analysis of percent ratio error  

In addition to dielectric loss, capacitor breakdown was 
found in the test of percent ratio error. However, there are 
problems including: 

1) Capacitors found to be unqualified in the test of 
percent ratio error was only labeled as abnormal according 
to the defect grading management, without sufficient 
attention to this problem. The cause of percent ratio error 
needed further test and analysis. 

2) It is difficult to carry out the test of percent ratio 
error as few institutions have qualifications, and there are 
tough requirements of test instruments. 

3) The test of percent ratio error has a long duration. 
As the Pre-test Regulation of Power Equipment has no 
requirement on percent ratio error of CVT, when the 
capacitance value of CVD and the factory value have a 
difference of over 2%, or when the difference of the 
voltage division ratio between CVD and the factory value 
exceeds 2%, transformers graded 0.5 and 0.2 in accuracy 
shall be tested. The Metrology Law of The People's 
Republic of China-Power Transformer requires the 
potential transformer to be tested every four years for error 
analysis. 

4) There is no need to test the percent ratio error of 
CVT without metering equipment. 

4 Feasibility analysis based on 
secondary voltage monitoring 

The low voltage applied in the pre-test, the low 
requirements set by the pre-test procedures and the low 
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precision of the dielectric loss tester make it difficult to 
determine the exact number of capacitor breakdown when 
there is only a limited number of capacitors involved in 
this situation. However, the data collected by secondary 
equipment during operation could be used for in-depth 
analysis to improve accuracy of measurement due to its 
high operating voltage and the sampling precision. Real-
time test is required to examine CVT capacitor component. 
The principle goes as follows. 

CVT is mainly composed of capacitive voltage divider 
and electromagnetic unit[7,8] (see Figure 2). The 
capacitive voltage divider includes two parts: main 
capacitor C1, voltage divider capacitor C2, as well as 1 to 
4 porcelain sleeves outside. The electromagnetic unit is 
composed of intermediate transformer (i.e. intermediate 
voltage transformer TV), compensation reactor L and 
damper, all of which are assembled in the same oil tank [7] 

[8]. The structure diagram of CVT is shown in Figure 2: 

 
Figure 2 structure diagram of CVT 

 
Assume that C1 in Figure 3 is formed by a total of N1 

capacitors in series, C2 by a total of N2 capacitors in series, 
and the total number of capacitors is N, where N= N1+N2, 
then: 
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Similarly, when there are n capacitor component 

breakdown in C1, the ratio difference is f=n/(N-n)*100%, 
where N is a constant. Therefore, the secondary value of 
voltage error f (positive error) increases with the number 
of breakdown of capacitor component n. 

Take a 500kV #2 bus CVT in a substation as an 
example. There are four sections in the substation, 
including C11, C12, C13 and C14, each section with 82 
capacitor components. C2 has 15 capacitor components. 

And the total number of capacitors equals N=4*82=328. 
According to the above formula of ratio difference, 
f1=0.30% in the presence of breakdown of one capacitor 
component in C1, and f2=0.60% when there are two 
capacitor components suffering from breakdown. 
However, the sampling precision of the measurement and 
control device can reach up to 0.2%. Therefore, even if 
one capacitor breaks down, the sampling voltage of the 
measurement and control device can still obtain accurate 
results. 

Therefore, to monitor the capacitor components of 
CVT, the zero-sequence voltage of CVT can serve as a 
reference, which is followed by the measurement and 
control device. When the zero-sequence voltage causes the 
breakdown of a single capacitor component, the CVT 
capacitor breakdown can be determined after excluding 
system voltage abnormality. Alternatively, it is plausible 
to compare its phase voltage with the accurate voltage of 
the system. When the error exceeds the set value, the CVT 
capacitor breakdown can be determined. 

Through actual measurement, a number of CVT 
abnormalities have been found in a substation in more than 
one year. All the pre-test items of CVT were qualified, 
while they were found with breakdown after being 
returned to the factory for inspection. Therefore, this 
method can effectively evaluate capacitor components of 
CVT. 

5 Conclusion 

When there are only a limited number of capacitor 
breakdown in CVT, its capacitance value and dielectric 
loss remain within the tolerance range according to the 
pre-test regulations of South Power Grid. However, even 
if there is only one capacitor breakdown, the ratio 
difference is out of tolerance, which does not meet the 
requirement of precision and affects the accuracy of 
measurement. The breakdown has no influence on the 
operation of equipment, but could cause huge deviation of 
measurement. Therefore, there is inconsistency between 
the pre pre-test procedures and the requirement of 
precision. 

It is difficult to determine the breakdown of capacitor 
in CVT under normal operation, as it is difficult to find 
large deviation of secondary voltage without a standard 
value for reference. The monitoring system could follow 
the change of zero-sequence voltage in real-time scenario. 
Therefore, changes of the zero-sequence voltage, 
combined with the actual system voltage in real time, 
could be used to determine the presence of internal faults 
in CVT. 

Large deviation of secondary voltage of CVT is 
categorized as other types of defects of equipment by the 
South Power Grid, which is equivalent to equipment 
abnormality. However, such defects are not graded in the 
metering or measuring system, that is, there is no need to 
take care of it. When the secondary voltage abnormality 
affects the accuracy of measurement, no relevant measures 
are available to deal with the abnormality of CVT. 

In case of rises in the secondary voltage during 
operation, if the capacitance value and dielectric loss are 
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found to be qualified in the pre-test, it is recommended to 
use a high voltage dielectric loss meter for the experiment. 
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