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Abstract: This paper presents a study on the transient response behavior of a capacitor voltage
transformer based on the simulation done using MATLAB. The adopted equivalent circuit is modeled
in MATLAB using mathematical equations obtained through mathematical simplifications of the
circuit. Based on this model, the ejfects of CVT components such as capacitor and ferroresonance
suppression circuit, and the effects of fault type, point-an-wave and location on the CVT transient
response are studied through observation on the MATLAB-generated transient responses. The ideal
input voltage to the CVT is obtained from an ideal power transmission line system model in
PSCADIEMTDC.
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INTRODUCTION

In power systems the primary voltage and current signals are transformed to voltages of current for
metering and protection purposes. These signals are required at adequately low level in order to suit the
operation of instruments and relays. In order to obtain a low voltage level from high voltage source, a
wound voltage transformer is normaHy used to step down t.he primary volt.age. ::-Iowever, as t.he system
voltage increases, the insulation cost makes this type of transformer inappropriate and other type of
voltage sensing units are needed. The most commonly used voltage sensing unit is the cvr. CYT is
commonly used in electricity distribution and transmission systems at high and extra high voltages.

Although the implementation of CYT is economical and good, it is not ideal. It loses some consistency
in reproducing transient voltage variations due to the inductive, capacitive and nonlinear elements it
contains. Transient response of a CVT refers to its ability to control the tendency to create irrelevant
frequencies in the out.put. Electromagnetic voltage transformer could perform better in ten11S of
transient. response but it is again, costly.

Inconsistent transient response introduced by the CVT is mainly caused by a sudden change in the
primary voltage especially when there are faults in the system. The CVT produc~s transient component
in the secondary circuit in addition to the steady state value. The low frequellcy component, which
tends to slow down Ule operation of relays, is dominant. This is due to the release of stored energy in
the CYT circuit due to the burden current and the effective capacitance of the di'/iderin resonance wit.h
the magnetizing inductance ohhe electromagnetic lillit.

The performance of a CVT is also affected by a phenomenon calleel ferroreson2llce. It happens during
certain transient conditions where the core of thc tuning induct.or of tlle intermediate transformer
becomes sat.urated. A stable oscillat.ion at syst.em frequency is resulted from this phenomenon. To
counter this phenomenon, t.he CVT will usually contain a ferro resonance suppression circuit. (FSC).
The performance of a CVT is largely influenced by the suppression of this stablE oscillation. The stable
oscillation basically results in large distortions ofvoltages and currents, and cause mechanical vibration.
of equipment.

The objectives of this project are:
• To study the design criteria of a capacitor volt.age transformer and study the effects of stack

capacitance and ferroresonance on its performance.
• To analyze the effect of CYT transient response to protection relay operation during different types

of fault occurrcnces.
• To simulat.e the transient response of the CVT using Matlab.
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Effects oiFault Location

The location of fault is referred to as the distance betvveen the relay and the source of fault. The
distances studied in this project are at 20km, 80kIn and lOOkm.

Figure 8: Phase-to-Phase Fault At Zero Voltage

Figure 9 shows the distance between the fault and the relay at 80 km. As the distance between the fault
and the relay is increased the magnitude of the fault voltage also will increases and I.he transient
response of the CVT worsen as well. The noise at the beginning of the transient is contributed by the
load, which is inductive.

Figure 9: Phase-To-Earth Fault At Zero Voltage With FSC (Relay is 80km away from fault source).

CONCLUSION

In high voltage power transmission (>33kV), it is more economical to implement capac.ltor voltage
transformer (CVT) for protection, measurement and control compared to electromagnetic voltage
transformer (VT). However, in comparison with VT, CVT is not ideal and lose some fidelity in
reproducing transient voltage variations when faults occur, leading to delay or inccnect relay
operation. It is also affected by the ferro resonance phenomenon where stable oscillation is produced at
system frequency due to the sat.uration of the tuning inductor at certain condition. This phenomenon
can be reduced or eliminated by implementing ferroresonance suppression circuit at the secondaIy side
of the transfonner.

Basically the CVT transient is controlled by the sum of the stack capacitances, shape and parameters of
the ferroresonance suppression ciTcuits and point on wave when fanlt occurs.
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RECOMMENDATIONS

Another factor that can be used to control the CVT transient is the total load (lfthe CVT. It is possible
to modify the total load of the CVT so as to avoid a transient voltage of a frequency or amplitude
particularly ill adapted to a given type of relay. Therefore in the future try to investigate the
performances of the relays by modU:ying the total load of the CVT.
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