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Abstract. In order to acquire the very fast transients during the disconnector operations in GIS (gas

insulated switchgear, GIS) of power substation, a novel measurement system is developed and tested. By

using the high speed digitizer as an alternative of the oscilloscope with other auxiliary device, the system is
an effective approach to acquire the characteristics of the disturbance voltage of VFTs, including the

frequency domain and the time domain features. Several kinds of experiments are carried out in the lab and

GIS substation. The results show the good performance of this measurement system.

1 Introduction

The gas insulated switchgear (GIS) is widely used in
power substations of many gird levels. Very fast
transient overvoltages (VFTs), caused by discharge
process during the disconnector (DS) operations of GIS,
directly threaten the insulation of the GIS and even make
the secondary power supply device fail[l-3]. The
protection measures are needed to protect the devices
from VFTs and the measurement of the VFTs is vital for
protection formulating. The VFTs are usually measured
to acquire the characteristics mainly including the
voltage amplitude and frequencies[4-5].

This paper introduces a measurement system for the
GIS secondary devices. Based on the resistance-
capacitive voltage divider, the primary high voltage is
attenuated in proportion to low voltage signals. A high
speed digitizer is used to record and transmit the signals
to computers for subsequent analysis. Performance tests
to this measurement system includes high-voltage DC,
square waves, surges and transient enclosure
voltage(TEV) measuring, which validate the excellent
competency of the system. This measurement system is
also applied in a 1000kV GIS substation and it completes
the measuring task well.

2 Designed specifications

The VFTs usually have amplitude distribution with great
randomness and a wide frequency band[6-8]. The rise-
time of the voltage reaches nanoseconds level which is
quite difficult to catch them. In the standard IEC 61000-
4-18 specifically aimed at power supply devices tests, the
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harshest voltage level reaches 4kV with three probable
frequencies: 3MHz, 10MHz and 30MHz, all oscillation
waves[9].

To meet the requirements, the designed specification
of the measurement system is as follows:

(1). Amplitude: the transient voltage level of the
system reaches 40kV to the highest. This level exceeds
not only the VFTs of secondary devices but also the GIS
shell.

(2). Frequency band and transmission: the frequency
band is DC~30MHz. The rise-time is Sns to the fasted
with 1000:1 attenuation ratio.

(3). Record: the recording time is 500ms to the
longest with no less than 300Ms/s sampling rate.

3 System Development

3.1 Measurement theory

A divider is used in this measurement system to attenuate
the high voltage to low voltage signals[10-11]. The
signals transmits through cables to acquisition devices,
like a digitizer or an oscilloscope, and then recorded by
the computer. The division principle is showed as Figure
1. Two series connected couples of R and C compose the
divider. The original voltage E is attenuated to signal
u(0,f) in a proportion by the divider and transmitted to
acquisition device the through the cable. The received
signal is u(/,f). The wave impedance of the cable is Zc
and the equivalent impedance of acquisition devices is Ry,
(RL>>Zc).

If the frequency of the voltage is low, the resistance
works mainly and the capacitance can be neglected.
Otherwise, when dealing with high frequency voltages,
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the capacitance works mainly with the resistance
neglected. Due to length of the cable is usually 1~2m.
For VFTs the cable is short enough that the transmission
line effect can be ignored. Thus we get u(Z,t)=u(0,¢).
This system will obtain a fix attenuation ratio for a wide
frequency band through sound configuration of R and C.

3.2 Measurement system configuration

A high-voltage probe functions as the voltage divider
with a high speed digitizer connected to it responsible for
dealing with the low voltage single from the probe. The
high speed digitizer and a PC connected to each other by
fibers compose the acquisition part. The whole system is
powered by one Li-battery pack which can run 4h to the
longest. Other devices including the mother board and
the O/E converters are installed in a customized
shielding box with 50mmx470mmx=97mm size as Figure
2 shows.
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Figure 1. The circuit of the divider of the measurement system
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Figure 2. Configurations of the measurement system

Depending on the fans installed in the side wall of the
box, the system is excellent in heat radiation. The box
shielding effect is 40dB when the EM frequency is below
950MHz. The parameters of the system are listed in
Table 1.

Table 1. Detailed specifications of high-voltage probe and
high-speed digitizer

Parameters Probe Digitizer
Model Pintech-6039A  NI-PCI
Peak voltage 40kV 40V
Input impedance(2) 900 50/1
Rise-time(ns) 1.6 1.4
Bandwidth(MHz) DC~220 -
Storage(MB) - 256
Attenuation ratio 1000:1 -

Sampling rate(GS/s) 2.5 -

4 Tests

4.1 High-voltage DC

To wvalidate the insulation of the DC measuring
performance, this test is carried out in the lab. The
electrodes of a calibrated high-voltage DC power source
are connected to two plane plates respectively. The
voltages are measured between the plates and the results
are recorded. As is shown in Figure 3, the measured data
is in line with the power source voltages. The range of
the power source is 0~30kV with a 3kV interval. The
max and min of absolute errors are 1.09 and 0.03kV
respectively. The max and min of relative errors are 3.6%
and 0.6% which are precise very much.

4.2 Square waves

Square waves produced by the waveform generator are
also measured in the lab to verify the high-frequency
response performance of the system. The amplitude of
the squares are 10kV to -10kV with 50% duty circle and
the period is 2ps. The results and some details are shown
in Figure 4. The rise-time of the step of the square is
5.04ns, which is the time from 10% to 90% of the
voltage amplitude. The frequency bandwidth is 70MHz
via the calculation BW=0.35/RT. Namely, the system
can measure signals with 70MHz of frequency to the
most, which is wide enough to cover the frequencies of
VFTs.
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Figure 3. High voltage DC measurement
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Figure 4. Square wave measurement
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4.3 Surge waves

The surges produced by the combined wave generator
are measured in this test. The generator is intended to
generate a surge having an open-circuit voltage front
time of 1.2ps and open-circuit duration of 50us, which is
applied to the probe of the measurement system. The
open-circuit output peak voltage is adjusted to 5.5kV.
The captured waveform is shown as Figure 5. The
measured peak is 5.58kV and the relative error is 1.6%.
The rise-time is 1.24ps with the relative error of 3.3%.
The duration is 49.48ps with the relative error of 1%.
The results meet the specification of the IEC.

4.4 TEV

The transient enclosure voltage is typical one of VFTs
[12-13]. During the switching operation, the transient
voltages between the GIS shell and the ground is defined
as the transient enclosure voltage (TEV). The amplitude
of TEV usually reaches tens of kV and the frequencies of
it are as high as dozens of MHz. The TEV measurement
is an effective mean to verify the measurement system.
In a GIS test circuit, the experiment is carried out and the
waveform is shown in Figure 6. Besides the system in
this paper, another measurement been proven in practice
is used in comparison [14-15]. After 10 switching
operations, the results including amplitudes difference(A)
of two systems, main frequency are listed in Table 2. To
be clear, the data in Table 2 are average values of 10

operations.
Table 2. Results of experiment in contrast
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Figure 5. Surge voltage measurement
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Figure 6. TEV measurement

5 Application

The system is applied in a 1000kV GIS substation to
measure the VFTs of secondary devices in the local
cabinet. Figure 7 shows the arrangement. The voltage
probe is connected between the port for monitoring of
the secondary devices and the ground. The measurement
system is placed outside the cabinet. The transient
waveforms are shown in Figure 8.
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Figure 7. The layout of the measurement
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Figure 8. VFTs waveform

In this observation, there are four obvious VFTs
superposed on the 5S0Hz sine-wave. The max amplitude
of the voltage is close to 600V. The details of VFT 4 in
us timescale are shown in Figure 9 and 10. The voltage is
a typical damped oscillation wave. The oscillation lasts
about 1us. The main frequency is 14~30MHz. The max
frequency reaches 100MHz.
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Figure 9. The layout of the measurement
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Figure 10. VFTs waveform
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6 Conclusion

(1) Based the voltage-divide theory, the measurement
system specially for VFTs is developed by using the
high-voltage probe as the sensor and the digitizer as the
acquisition device.

(2) Tests including the high-voltage DC, square wave,
surge wave and TEV measurement are carried out in this
paper to examine the measurement system and the results
show the good performance of it.

(3) The application of this measurement system in the
1000kV GIS substation is completed successfully. The
reliability and the stability of it in measuring VFTs are
reflected in the test.
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