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Abstract: Bulky iron-core potential transformers (PT) are installed in a tank of gas insulated switchgears (GIS) for a system

voltage measurement in power substations. In this paper, we studied an electronic voltage transformer (EVT) embedded in a

spacer for miniaturization, eco-friendliness, and performance improvement of GIS. The prototype EVT consists of a capacitive

probe (CP) that can be embedded in a spacer and a voltage Follower with a high input and a low output impedance. The CP was
fabricated in the form of a Flexible-PCB to acquire the insulation performance and to withstand vibration and shock during
operation. Voltage ratio of the prototype EVT is about 42,270, and the frequency bandwidth of —3 dB ranges from 0.33 Hz to
3.9 MHz. The voltage ratio error evaluated at about 6%, 12% and 18% of the rated voltage of 170 kV was 0.32%, and the phase
error was 12.9 minutes. These results were within the accuracy for the class 0.5 specified in IEC 60044-7 and satisfy even in

ranges from 80% to 120% of the rated voltage. If the prototype EVT replaces the conventional iron-core potential transformer,
it is expected that the height of the GIS could be reduced by 11% and the amount of SFs will be reduced by at least 10%.
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Fig. 2. Capacitive probe. (a) Principle of voltage detection and (b)
equivalent circuit.
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Fig. 3. Photographs of the prototype capacitive probe, (a) sensor plate,
(b) ground plate, and (c) test jig.
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Table 1. Specification of the prototype capacitive probes.

Model
Structure A B C
Thickness of insulation layer (mm) 0.10 0.30 0.50
Capacitance of probe (nF) 2.72 0.88 0.54
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Fig. 5. Frequency response of the capacitive probe.
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(b) Table 2. Specification of the facilities and instruments.
(SFVCL'
Equipment Specification
Induction regulator 0~240 (V), 10 (kVA)
High voltage transformer 19 220 (V) /100 (kV), 50 (mA)
o Yin GIS spacer 3 ph, ¢ 582 (mm)
ci & VRO Digital storage oscilloscope Yokogawa 12 bit, 3 (MHz), 10 (MS/s)
1
High voltage divider Northstar, 10,000:1, 20 (MHz)
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Fig. 8. Typical voltage waveforms measured at 30 kVrms (a)
waveforms and (b) phase deviation.
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Table 3. Accuracy of the class 0.5 EVT at rated frequency.

+ % voltage + phase error in

Items
(ratio) error minutes / in time (us)
IEC 60044-7 limits 0.5 20.0/15.4
Prototype EVT 0.33 -12.9/-10.0
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