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Abstract. In this paper, a new test circuit is proposed for overvoltage testing of 

capacitors based on a motor-driven regulating transformer. Motor drives tap se-

lector which is designed to ensure good electrical contact and low wearing. Keep-

ing the test circuit close to resonance requires lower power rating of regulating 

transformer. Test circuit is capable to generate overvoltage waveforms according 

to IEC 60871-1 without use of circuit breakers. A software was developed for 

evaluation of recorded overvoltage waveforms considering amplitude and time 

limits. The efficiency of test circuit is demonstrated on an actual overvoltage test 

performed on MV capacitor. 
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1 Introduction 

Overvoltage test is a type test performed according to IEC 60871-1 [1] on the capacitors 

for AC power systems having a rated voltage above 1 kV. The main purpose of the test 

is to verify the dielectric design of capacitors and to check the manufacturing process 

of the dielectric when assembled into a capacitor unit. Capacitor is placed in a cold 

chamber and subjected to low temperature for at least 12 hours. Then, within 5 minutes 

the capacitor is removed from the cold chamber and subjected to voltage 1.1·Un.  

5 minutes after the voltage application, an overvoltage of 2.25·Un is applied without 

any voltage interruption for a duration of 15 cycles after which voltage 1.1·Un is main-

tained again without any voltage interruption. After an interval of 1.5-2 minutes at 

1.1·Un, the overvoltage 2.25·Un is applied again and the process is repeated until a total 

of 60 applications are completed for 1 day. Procedure repeats for 4 more days, so the 

combined application of overvoltage 2.25·Un is 300 in total. The test voltage should 

have a frequency of 50 Hz or 60 Hz and the overvoltage should be applied without any 

interruption. Time and amplitude limits for the generated constant voltage and over-

voltage are given in Fig. 1. T1 is the interval of 1.5-2 minutes between two consecutive 

overvoltage periods. Other times are expressed in number of cycles of the test fre-

quency. In order to successfully generate 300 overvoltage waveforms with time and 

amplitude within the prescribed limits, it is necessary to have a reliable test circuit.  
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Fig. 1. Time and amplitude limits for the generated constant voltage and overvoltage period 

Section 2 describes the test circuits with switching devices which are commonly 

used for performing overvoltage tests in HV laboratories. The effect of circuit breaker 

switching time tolerance on generated overvoltage waveforms during overvoltage test 

is investigated, by conducting simulations of transients in EMTP-RV software. Analy-

sis is done in order to determine the limitations and drawbacks of the existing test set-

ups.  

A new test circuit is proposed for overvoltage testing of capacitors based on a trans-

former with fast motor-driven regulation. The proposed test setup is described and ver-

ified in section 3. 

2 Test Circuits with Switching Devices for Performing 

Overvoltage Test 

To obtain two different voltage levels, HV laboratories commonly use two circuit 

breakers (CBs) that, at set intervals, sequentially switch a LV/MV test transformer. Test 

circuit with two CBs connected to the MV side of a LV/MV test transformer is shown 

in Fig. 2.  
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Fig. 2. Test circuit with two CBs connected to the MV side of a LV/MV test transformer 
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In Fig. 2, Tr1 and Tr2 are LV regulation transformers, Tr3 and Tr4 are LV/MV test 

transformers, CB1 and CB2 are MV circuit breakers, L1 and C1 are reactor and capacitor 

for compensation, TO is test object and VT is voltage transformer. Transformers Tr1 

and Tr3 supply voltage 1.1·Un, while transformers Tr2 and Tr4 output gives overvolt-

age 2.25·Un. Additional capacitors C1 and reactors L1 are connected in parallel to the 

test object to compensate for a minimum loading of the low voltage network. Voltage 

at test object terminals is measured with voltage transformer.  

CB switching operations produce transients in the test circuit which may lead to 

overvoltage waveforms with time and amplitude parameters exceeding IEC limits. In 

order to reduce transients generated during switching of CBs (Fig. 2) it is necessary to 

use special type of CBs, e.g. synchronous CBs, equipped with a suitable controller (se-

quencer) for controlling the switching operations. These synchronous CBs should have 

minimum operating times and high accuracy. The basic property of the synchronous 

CB is to carry out operations in a highly reliable, pre-defined time, to guarantee during 

its service life the expected transient reduction. Synchronous switching, also called 

point-on wave switching, is a method of reducing switching transients by controlling 

the timing to either make or break a circuit, and thereby prevent the generation of 

switching transients in the first place. Consistency in the making and breaking times of 

the CB is essential for successful implementation of synchronous switching. However, 

because a CB is a mechanical device and even though modern designs are highly reli-

able, further improvement of CB technology is still necessary. In order to ensure suc-

cessfully implementation of controlled switching, it is indispensable to closely analyze 

the mechanical and electrical properties of the CB design including contact velocity, 

contact opening time, contact closing time, minimum arcing time for different inter-

rupting duties and current levels and cold gap voltage withstand capability. Further-

more, and in relation to the operating times, the effects of control voltage fluctuations, 

ambient temperature, tolerances of the mechanism’s stored energy and operating wear 

must also be considered. Of all the parameters that have been mentioned above, the 

ones that have the greatest influence in the consistent timing of a CB are the ambient 

temperature, which may not be critical for indoor application, the level of energy stored 

in the operating mechanism and the control voltage level. Modern MV SF6 or vacuum 

CBs have switching time tolerance less than ±1 ms for the closing operation and less 

than ±2 ms for the opening operation [2]-[4].  

In order to investigate the effect of CB switching time tolerance on generated over-

voltage waveforms during overvoltage test, a typical test circuit shown in Fig. 2 was 

modelled in EMTP-RV software in order to simulate an overvoltage test of a MV shunt 

capacitor. 

Optimal moment for switching operation of CBs, which produces minimal transi-

ents, is at the voltage zero crossing. In the first step, this case is simulated, and the result 

is shown in Fig. 3.  

The time and amplitude parameters of generated overvoltage are within the pre-

scribed IEC limits. However, this is an idealized case where CB switching time toler-

ances are neglected. In real operating conditions CBs have a certain switching time 

tolerance which will cause transients in the test circuit. Fig. 4 shows overvoltage in case 

when CB switching time tolerance is ±3 ms, both for switching on and off.  
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Fig. 3. Simulation results of overvoltage test in case when CBs operate simultaneously 

 

Fig. 4. Simulation results of overvoltage test in case with CB switching time tolerances of ±3 ms 

In this case it is simulated that in the steady state CB1 is closed and voltage 1.1·Un 

is applied on shunt capacitor. Then, CB1 opens 3 ms prior to voltage zero crossing and 

CB2 closes 3 ms after voltage zero crossing, which causes transients and overvoltage 

is stabilized at 2.25·Un. After 15 cycles of overvoltage, CB2 opens 3 ms before voltage 

zero crossing and CB1 closes 3 ms after voltage zero crossing, which causes transients 

and finally the voltage is stabilized at 1.1·Un. By comparing time and amplitude limits 

of generated overvoltage with the ones shown in Fig. 1, it is obvious that this overvolt-

age exceeds IEC limits.  

For the typical test circuit shown in Fig. 2, simulations confirmed that synchronous 

CBs should be used with the maximum switching time tolerances of ±1 ms in order to 

successfully generate overvoltage in each switching operation (Fig. 5).  

However, transient phenomena in the test circuit is not only affected by characteris-

tics of CBs, but also by circuit parameters such as capacitance of shunt capacitor, com-

pensating inductance and parameters of regulation and test transformers. Therefore, in 

some cases, even smaller switching time tolerances can be required in order to success-

fully generate 300 overvoltages with time and amplitude within the prescribed IEC lim-

its.     
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Fig. 5. Simulation results of overvoltage test in case with CB switching time tolerances of ±1 ms 

Another approach to perform overvoltage test is to use two LV breakers (CBs) that, 

at set intervals, sequentially switch a LV/MV test transformer at its LV terminals to 

obtain two different voltage levels on the MV terminals. This test circuit incorporates 

less expensive equipment since LV breakers are used instead of MV breakers and only 

one LV/MT transformer is used (Fig. 6). 
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Fig. 6. Test circuit with two CBs connected to LV side of a LV/MV test transformer 

In Fig. 6, Tr1 represents LV regulation transformer for supplying voltage 1.1·Un, 

Tr2 represents LV regulation transformer for supplying overvoltage 2.25·Un, Tr3 is 

LV/MV test transformer, CB1 and CB2 are LV CBs, VT is voltage transformer, L1 and 

C1 are reactor and capacitor for compensation and TO is test object. EMTP-RV simu-

lations confirm that switching at LV side of test transformer produces even more severe 

transients than switching at HV side. Fig. 7 shows the case when switching time toler-

ances of CBs are neglected and switching operation occurs at optimal time instants. It 

is necessary to ensure almost perfect compensation during the test, but even in this case 

an overvoltage exceeds IEC limits. 
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Fig. 7. Simulation results of overvoltage test in case when switching time tolerances of CBs are 

neglected 

Simulation results show that switching CBs at MV or LV side produces transients 

and it can be concluded that test circuits with CBs have several drawbacks. First of all, 

this test approach requires the use of two synchronous CBs with small switching time 

tolerances. These CBs should also be very reliable and should have a consistency in the 

making and breaking times even after a great amount of switching operations. Each CB 

is subjected to 600 switching operations per single overvoltage test if all generated 

overvoltages are within the prescribed IEC limits. Furthermore, CBs should be 

equipped with a controller (sequencer) for controlling the switching operations. To the 

author’s knowledge, no measurement results have been published regarding the test 

circuits with CBs to confirm its efficiency and practical applicability. 

In [5], a parallel-resonant test setup which incorporates a special switching circuit 

for performing the overvoltage test is described, but no details are given about the 

switching circuit.  

3 New Setup for Overvoltage Test of Shunt Capacitors 

In this paper, a new series-resonant test circuit is proposed for overvoltage testing of 

capacitors based on a fast motor-driven regulating transformer. Motor drives tap selec-

tor which is designed to ensure good electrical contact and low wearing. Keeping the 

test circuit close to the resonance requires lower power rating of regulating transformer. 

Test circuit is capable to generate overvoltages that are within the prescribed IEC limits 

without use of CBs. A software was developed for analysis of measured overvoltages 

and determination of time and amplitude parameters. Equivalent scheme of the pro-

posed test circuit is shown in Fig. 8.  
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Fig. 8. Proposed test circuit for overvoltage testing of capacitors based on a motor-driven regu-

lating transformer 

The three-phase synchronous servomotor in Fig. 8 is suitable for drive solutions with 

highest demands on dynamics and performance. In conjunction with digital servo drives 

it is particularly suitable for positioning tasks in industrial robots, machine tools, trans-

fer lines etc. with demanding requirements in terms of dynamics and stability. The ser-

vomotor is equipped with permanent magnets in the rotor. This advanced neodymium 

magnetic material makes a significant contribution to the motors' exceptional dynamic 

properties. A three-phase winding is housed in the stator, and this is powered by the 

servo drive. The motor has no brushes, the commutation being implemented electroni-

cally in the servo drive.  

Timing and position of the motor’s shaft is controlled to ensure that tap selector of 

the regulation transformer is moved in a way to achieve an overvoltage according to 

[1]. The efficiency of test circuit is demonstrated on an actual overvoltage test per-

formed on MV capacitor, with the following rated data: Un=11.55 kV, Qn=100 kVAr, 

f=50 Hz. MV capacitor under overvoltage test is shown in Fig. 9. 

 

Fig. 9. MV capacitor under overvoltage test 
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Overvoltage test was successfully performed with the proposed test circuit and all 300 

overvoltages were generated from the first attempt and were within the prescribed IEC 

limits. Typical generated overvoltage is shown in Fig. 10.   

U
 (

k
V

)

40

30

20

10

-10

-20

-30

-40

0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
t (ms)  

Fig. 10. Overvoltage generated by the proposed test circuit 

As shown in Fig. 10, generated overvoltages are smooth, without transients as in case 

when switching CBs.  

4 Conclusions 

In this paper, a new test circuit is proposed for overvoltage testing of capacitors based 

on a motor-driven regulating transformer. Test circuit is capable to generate overvolt-

age waveforms according to IEC 60871-1 without use of circuit breakers. A software 

was developed for evaluation of recorded overvoltage waveforms considering ampli-

tude and time limits. The efficiency of test circuit is demonstrated on an actual over-

voltage test performed on MV capacitor.  
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