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CHAPTER 2. LITERATURE REVIEW: CAPACITIVE SENSING TECHNOLOGY 9

second is to use voltage division of two series resistors and measure the voltage across the low
voltage resistor. High valued resistors should be used to limit the loading effect on the network,
i.e. the current through the resistors should be negligible to limit the intrusiveness of the measure-
ment. Furthermore, it is impossible to construct a pure resistor that would mitigate the effects of
the capacitive and inductive stray components. These stray components limit the high frequency

response of both of the above-mentioned resistive voltage transducers.

Capacitive voltage division is achieved using series-connected capacitors. The measuring equip-
ment is connected across the low-voltage capacitor. It is important that the input resistance of the
measuring instrument is high enough so that distortion will be negligible. The input capacitance
of the measuring instrument need to be taken into account, as it influences the dividing ratio of the

divider.

The stray components mostly influence the high frequency behaviour of the voltage divider, but
for 50 Hz measurements, the frequency response can be regarded as sufficient. The problem arises
when fast rising impulses should be measured. Many researchers have developed mixed dividers,
where the two impedances are matched in order to obtain maximum bandwidth. The matching of
the low-voltage impedance should take into account as many of the stray components as possible.
These dividers are, however, still sensitive to objects in close proximity, which will increase some

stray capacitive components [10, 22, 23].

The magnetic voltage transformer (MVT) has been used extensively in earlier years. The MVT
features a specially designed transformer, where the primary winding is connected to the high
voltage to be measured and the secondary is connected to an AC voltmeter. Ideally, the measured
HYV signal is then equal to the measured LV signal multiplied by the transformer winding ratio.

Due to losses in the windings and transformer core, as well as loading effects of the measuring
equipment, the output voltage may be larger or smaller than the expected transformed voltage.
Several ratio taps are usually present on the secondary winding, to correct the ratio for these con-
ditions. Apart from the losses, the transformer also has a low bandwidth, typically a few kHz, with

a deteriorating response for higher voltage components.

A combination of the above two instruments is the capacitive voltage transformer (CVT), where
the voltage is stepped down twice. First the voltage is stepped down to an intermediate level by
standard series capacitive voltage division, while a transformer across the low voltage capacitor
reduces the voltage even further. This arrangement is often used in transmission or distribution

networks to monitor the line voltage and connect the power line communications to the HV line.

Bradley et al [3] attempted to obtain calibration curves for high frequency measurements with
CVTs, but concluded that it was not possible. A wider bandwidth measuring system may be built
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