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Abstract— Partial discharge is measured simultaneously using
free-space radiometry (FSR) and a galvanic contact
measurement technique based on the IEC 60270 standard.
Several types of PD (Partial Discharge) sources are specially
constructed: two internal PD emulators and an emulator of the
floating-electrode type. The excitation applied to the source is AC
and the radiated signal is captured using a wideband biconical
antenna. The calibration of PD sources is demonstrated. Effective
radiated power of the PD source using a PD calibration device is
determined.

Keywords—  High voltage; Free space radiometric
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L INTRODUCTION

The most general technique to estimate the ageing
conditions of electrical equipment and power lines is the
measurement of PD. PD monitoring is important in the
evaluation of the ageing of circuit breakers, power
transformers, isolators and switches, cables, GIS, and
overhead lines. PD might exist even when the time to failure is
still far, thus it is essential to monitor its activity continuously
and to detect changes in the peaks of the charge released. PD
has traditionally been detected by contact measurement
methods (especially IEC 60270) and capacitive/inductive
coupling methods. The free-space radiometric (FSR) detection
of PD is a relatively new technique.

A galvanic contact measurement uses a frequency band up
to several MHz. The apparent charge is typically measured in
picocoulombs or nanocoulombs which is the integrated first
half cycle of the current pulse, flowing through the PD
measurement circuit that is caused by a PD event.
Consequently, this technique is well adapted to laboratory
measurements, but it is not suitable for on-site monitoring or

measuring. For that purpose, a free-space radiometry
measurement technique is more advantageous. The VHF and
UHF measurement technique is using a frequency band of
approximately 50 MHz to 800 MHz.The contribution that will
be reported in this paper will address the calibration of three
types of PD emulator sources utilized for the development
and testing of a PD wireless sensor network (WSN). The
calibration of the sources suggests the possibility of using free
space radiometric measurements to estimate the absolute
intensity of PD in HV insulation integrity monitoring
applications.

II. PD MEASURING CIRCUIT

In order to measure PD from different emulator sources, the
measuring circuit and the setup for FSR and a galvanic contact

measurement are shown in Figure 1.
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Figure 1. PD measurement circuit with internal PD source.

PD is created by applying AC high voltage (HV) to three
types of artificial PD emulators which were measured in the
laboratory. Experimental arrangements for producing a PD
discharge between floating electrodes, acrylic tube internal
discharge (PD discharge in the air and in the oil) and an
internal PD discharge are used. The radiometric measurements
were made using a biconical antenna connected to a 4 GHz
bandwidth, 20 GSa/s, digital sampling oscilloscope (DSO).



The biconical antenna was located at different distances from
the PD source, and was vertically polarised. For detecting PD,
a coupling capacitor was connected in parallel with the PD
emulator. The voltage rating of the coupling capacitor is 40
kV in the galvanic contact measurement technique.

III. PD SOURCE CALIBRATION AND MEASUREMENT

A commercial PD calibration device that injects a known
current pulse of pre-determined intensity is used in our
experiments. It is designed to provide consistent charge from 1
pC to 100 nC and its pulse repetition frequency is 100 Hz, 120
Hz and 400 Hz. It is suitable for PD tests according to the IEC
60270 standard. With a wide range of calibration pulses, the
HVPD calibrator can be used to test all types of HV
equipment in power substations and calculating the PD
magnitude of the apparent charge. Figure 2 shows a picture of
the HVPD pC calibrator [2].
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Figure 2. HVPD pC calibrator [2].
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Figure 3 shows the waveform of a HVPD pC calibrator
pulse injected into a digital sampling oscilloscope (DSO). The
input impedance of the channel oscilloscope is 50Q.
Calculated charge by integrating the first half-cycle of the PD
source time-series current (measured charge) against the
known charge injected by the calibrator (inject charge) is
shown in Figure 4. The experimental setup measuring circuit
in Figure 5 was used for the calibration PD sources using the
commercial pC calibrator. The output waveform from the
calibration measuring circuit is shown in Figure 6. The charge
calculated from the galvanic contact measurement appears to
be in close agreement with the pC calibrator.
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Figure 3. Current waveform for an injected charge of 1 nC into a
digital sampling oscilloscope.
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Figure 4. Determined charge by integrating the first half-cycle of
pulses versus known injected charge.

Regarding the Free-Space radiometric measurements, four
distances were used the measurement system showed in
Figure 1 between the three PD emulator sources and the
biconical antenna. Table I shows the received mean peak
voltage amplitude, the calculated charge and effective radiated
power (ERP) for the FSR measurements. The radiated signal
amplitude is decreasing by increasing the distance between the
PD source and the biconical antenna, due to radiation losses.
Received peak voltage, calculated electric field strength and
effective radiated power values are presented. The effective
radiated power (ERP) of the PD source emulator is estimated
from received electric field strength according to the for free
space propagation formula (1) as follows:

E (dBuV/m) = 107 + ERP (dBm) - 20 Logw d (m) (1)

where E is the electric field strength, ERP is the effective
radiated power and d is the PD source distance from the
receiving antenna.
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Figure 6. Current waveform for an injected charge of 1 nC.




TABLE I
CONCURRENT MEASUREMENTS OF FSR AND GALVANIC MEASUREMENTS.

AC Mean Peak Mean Peak Standard | Integration
High Galvanic voltage voltage Deviation of | time of first | Calculated
vol tga e contact PD distance amplitude of amplitude of Peak half-cycle of charge
g (m) galvanic galvanic voltage the PD (nC)
source measurement S
(18 kV measurement measurement amplitude pulse
) (in Volts) (in dBpV) (Volts) (ns)
without oil filling
Acrylic tube PD - 391 131.8 1.98 10.4 38
source with oil filling
- 2.76 128.8 1.28 4.7 2.1
Internal PD source - 1.66 124.4 0.82 4.8 0.9
Floating-electrode
PD emulator - 7.19 137.1 1.45 7.79 53
Mean Peak Mean Peak Peak Standard
voltage voltage Peak effective Deviation
FSR PD distance | amplitude of amplitude of | electric field | radiated of Peak
measurement (m) FSR FSR strength power voltage
measurement measurement (dBpV/m) (dBm) amplitude
(in Volts) (in dBpV) (Volts)
1 0.14 102.9 119.9 12.9 0.06
Acrylic tube PD. 1.30 0.09 99,08 116.08 11.36 0.03
source without oil
filling 1.90 0.045 93.06 110.06 8.63 0.012
2.80 0.045 93.06 110.06 12.00 0.01
) 1 0.077 91.7 114.7 7.7 0.02
Acrylic tube PD 130 0.069 95.5 1125 9.0 0.03
source with oil
filling 1.90 0.033 89.5 106.5 5.1 0.01
2.80 0.02 86.0 103.0 4.9 0.01
0.25 0.153 103.7 120.7 1.73 0.06
0.5 0.076 97.7 114.7 1.70 0.02
Internal PD source
0.75 0.048 93.6 110.6 1.17 0.01
1 0.036 91.1 108.1 1.15 0.01
1 0.77 117.7 134.7 27.72 0.30
Floating-electrode 2 0.35 110.88 127.9 26.88 0.09
PD emulator 3 0.179 105.05 122.05 24.55 0.06
4 0.129 102.2 119.2 242 0.03
TABLE I

The relationship between calculated charge and effective =~ RELATIONSHIP BETWEEN CALCULATED CHARGE AND EFFECTIVE
radiated power (ERP) for different PD emulator source types RADIATED POWER OF PD SOURCES.

is presented in Table II. Moreover, Figure 7 shows the D
effective radiated power for various PD emulator sources as a floating- | Acrylic tube | Acrylic tube | o,
. . . Internal PD Internal PD
function of the calculated charge. The acrylic tube internal PD electrode | @ without | source with PD
emulator without oil filling and floating PD emulators present SO‘; 'r)ce oil filling oil filling | €™ulater
a much higher effective radiated power than other types of PD T
emulators, in this case by approximately 20-25 dB. charge 53 38 21 0.9
(L)
Average
peak ERP 25.6 26.6 6.7 1.9
(dBm)
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Figure 7. Determined effective radiated power of different types of
PD sources versus calculated charge.

IV. CONCLUSIONS

Partial discharge signals were captured using FSR and
galvanic contact measurement techniques. A calibration pulse
from a commercial calibrator emulates a PD event of a known
intensity. The estimated charge is calculated by integrating the
first half-cycle of the PD source time-series current. Estimated
charge, peak received voltage, radiated -electric field
amplitude, and effective radiated power of FSR measurements
against the location of the PD emulator are compared for the
calibration of FSR signals. Effective radiated power is

determined and related to the estimated charge of three
different PD emulator sources.
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