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Abstract
A computer controlled GIS (Gas Insulated Switchgear) PD (Partial Discharge) measurement system is
presented which combines UHF broad and narrow
band PD measurements with high sensitivity, multichannel performance and near real-time response.
Each measurement channel consists of a low noise
broadband sensor amplifier with automated high
voltage transient protection, a full band
power/envelope detector, a narrow band spectrum
analyzer interface and a computerized display unit.
With 0.1 to 2.0 GHz frequency range, 3 dB noise
figure, 40 dB of sensor amplifier gain, full flashover
and switching transient protection, twelve measurement channels, less than 0.1 second response time
and a user friendly computer interface, the presented
system is optimally suited for on-site commissioning
tests, for laboratory testing during development and
for long term monitoring of complex GIS.
This system allows the detection, localization, identification and monitoring of fault sources using a fully
electrical method.
Introduction
In order to obtain the required PD measurement sensitivity [1], manufacturers of GIS are placing more
and more PD sensors per GIS length [2]. Some GIS
systems even allow to use some construction parts
(shielding, windows, ...) as additional PD-sensors
[2, 3]. Hence, about 7 to 10 sensors should preferably
be monitored simultaneously during high voltage test
with a typical test-section of about 10 nF.
Actually, two different PD measurement methods in
the UHF frequency range are used: UHF narrow
band and UHF broad band PD measurement [4, 5,
10].
UHF narrow band PD-measurement method can be
characterized as follows:
+ Very high sensitivity (resonance's with high Qfactor)
+ Very insensible against external noise (allows
measurement of signals near the thermal noise
limit)
+ Rough localization of signal source by interpretation of PD signal spectrum is possible (the closer
to the signal source, the higher the measurable
frequency components of the PD signal).

+ Electrical localization with an oscilloscope is
possible (full frequency range is available for
measurement at the input of the spectrum analyzer).
- Only one channel can be observed simultaneously
(normally only one spectrum analyzer available)
- Automation for PD monitoring is very difficult
UHF broad band PD-measurement can be characterized as follows:
+ High sensitivity, if no strong external RF noise is
present.
+ Relatively simple system design (amplifier, detector, display unit).
+ Easy to implement in a PD monitoring system.
+ Parallel display of several sensors is possible (not
too expensive)
- Localization with interpretation of frequency
spectrum is not feasible.
- Localization by signal delay comparison method
is not possible (In this circuits, the RF signal is
normally not available for measurements)
- Existing UHF broad band monitoring systems
present a slow display update rate and are therefore not very well suited for on site high voltage
testing.
- Actually used UHF broad band PD-monitoring
systems in service (known to the authors...) have
cable lengths of 10 m to 30 m between PD sensor
and amplifier resulting in a reduced signal to
noise ratio [6].
Especially during on site commissioning tests it is
very important to have a highly sensitive, flashover
protected, noise immune PD measurement system
with near real-time display of all measurement channels in order to localize and identify PD-sources as
fast as possible [10].
These requirements imply the following specifications for a possibly 'universal' measurement system:
- Very high sensitivity (< 1 pC)
- High bandwidth (100 MHz – 2 GHz)
- Signal amplifier directly connected to the PD
sensor
- Near real-time parallel display of 12 channels
(<0.5 sec.)
- Full bandwidth parallel RF outputs for localization.

-

For identification, it should be possible to connect the system to classical PD-measurement
systems.

Measurement System
A 12 channel measurement system was realized
(Fig. 1), consisting of flashover protected amplifiers
connected directly to the PD sensors using a well
shielded, low loss coaxial cable, a twin RF path with
one output to a fast oscilloscope (for signal delay
comparison method) and a multiplexed output to a
spectrum analyzer for narrow band UHF PD
measurements (total RF gain: 40 dB). Each channel
is equipped with a low noise power detector with
outputs to a 12 channel, 0.1 second response time
display unit for instant overview of all signal levels.
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Broad Band Power/Envelope Detector
The RF signal output of the remote powered sensor
amplifier is split into 2 signal paths: A RF signal
path which is amplified (10 dB) and split for
multiplexed spectrum analyzer measurements and
oscilloscope measurements (for PD localization), and
a broad band power/envelope detector signal path
(Fig. D). The broadband power/envelope detector
consists of a buffer stage (40 dB), two detector diodes
and a 500 kHz low pass filter-amplifier (Fig. 4).
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Sensor Amplifier
Characterization of the sensor amplifier (Fig. 2):
- Multistage circuit for transient protection (flashover, switching) at the input
- Auto-turn-off if input power > - 10 dBm
- Flat (+/- 1 dB) frequency response (0.12.0 GHz)
- 50Ω noise figure better than 3 dB at 1 GHz
- Gain of more than 30 dB
- Remote powered (Bias Tee and supply
regulation included)
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Fig. 4: Analog signal processing unit (ASPU)
Fig. 5 shows the sensitivity of the power detector as a
function of frequency. The output voltage of the detector was measured with a 100 % AM modulated
signal at 100 MHz, 500 MHz, 1 GHz, 1.5 GHz and
2 GHz respectively. A very good sensitivity down to
– 85 dBm CW input power may be noticed over the
entire frequency range [8,9].
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Fig. 2: Schematic of sensor amplifier
Tests have shown, that switching transients caused
by disconnector switching cause more problems to
the design of a protection circuit than (even higher
amplitude) flashover transients during high voltage
tests. An auto-turn-off circuit with additional passive
protection was optimized with respect to high
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Fig. 6: Schematic of one single channel of the
display unit
The display software on the laptop computer allows
to set color coded reference levels individually for
each channel. Three different levels are defined:
Background noise level, reference level and a measurement/alarm level. In combination with the proposed sensivity check of PD sensors of GIS [1], the
setting of the reference level (measured signal amplitude of an artificial PD pulse of 5 pC injected on the
next sensor available) may be used (during HV testing and monitoring) as an indication of the magnitude of a real PD source (remark: UHF
measurements cannot be calibrated [7]). Fig. 8 shows
a part of a screenprint (3 channels) of the Windows
NT based signal display. The rise and decay time of
the signal display can be set, as well as different
modes of maximum-hold functions. The parallel
display of up to 12 sensors allows a rough but very
quick overview of the PD scenery and helps to
localize the PD source. Because of its standardized,
computer based platform, this unit can easily be
remote controlled, expanded and used as a
monitoring system.
Measurements
The described system was tested with a GIS in service. The 170 kV GIS consists of an energized double
busbar with 8 cable feeders and a buscoupler located
in the center of Zurich, Switzerland. For PD simulation, artificial PD-pulses were injected via one

On the left hand side of Fig. 9, the RF output from
the ASPU of a measured pulse in the time domain is
shown, on the right hand side, the LF output from
the ASPU of the power detector may be observed.
5 mV/div

48kS/s
1

of the PD sensors. The used pulse generator has a
rise time (10% - 90%) of < 70 psec into a 50 Ω load
at a DC operating voltage of 300 V.
For PD measurements, two types of sensors were
used: Type I is a PD-sensor, Type II is an auxiliary
sensor, originally not designed as PD sensor. They
have both a measured capacity C1 to center
conductor of 0.15 pF. Both sensor-types have a
diameter of ˜ 100 mm and are installed in earthing
switch feedtrough flanges [11].
To inject a charge of 5 pC to the HV conductor, a
pulse-amplitude of 33 volts was needed.

10 mV/div

Display Unit
One single channel of the 12 channel display unit is
shown in fig. 6. The output of the broad band envelope detector is buffered, digitized and numerically
processed with a Digital Signal Processor unit
(DSP). The results of the 12 signal processor units
are displayed with a Windows NT based display
software on a laptop computer.

→ 0.5 µs/div

Fig. 9: Left: Output of RF path, right: Output of
power detector with low pass filter
The table in Fig. 10 shows the geometrical characteristics of the sensor arrangement and the
measurement results of narrow and broad band
measurements. The results of the UHF-narrow band
method show a very good signal to noise ratio even
at very low injected charge levels. The same is valid
for the UHF-broad band measurements.
The amplitude spectrum measured at sensor No. 2
has significant signal energy in the range between
1.3 GHz and 1.7 GHz (Fig. 11). The same observation was made for Type I as well as for Type II
sensors. Without having a high system measurement
bandwidth, these significant signal components
would be lost.
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Fig. 10: Table of Measurements
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For identification, the down-converted output of the
UHF narrow band or the output of the envelope detector can be processed with a conventional PD
measuring system. In Fig. 13 the injected pulse was
synchronized with the GIS power frequency (jitter
due to the mechanical switching of the mercury
relay).

100 MHz → 1.8 GHz
Fig. 11 Spectrum measured at sensor 2
It is assumed that the high signal level at sensor No.
3 can be explained by the generation of standing
waves near the end of the GIS busbar. At sensor No.
12 no signal could be measured because this part of
GIS was switched off (circuit breaker open) and
earthed. It was generally observed, that after passing
a circuit breaker, the high frequency parts of a PD
signal were highly attenuated. The sensitivity and
precision of an electrical localization of a PD source
was tested (Fig. 12). The artificial signal source had
a distance of 1.1 m to sensor No. 2 and a distance of
17.5 m to sensor No. 3. The measurements showed a
maximum sensitivity of better than 0.8 pC of injected
charge at sensitive sensor localizations (S/N ratio of
measured signal at 0.8 pC: 6 dB) and an average
sensitivity of approximately 2 pC. The stated
resolution for the localization was in the order of
30 cm with an oscilloscope with a restricted
bandwidth of 600 MHz.
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