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Abstract: The detection of partial discharges (PD) in electrical equipment is essential for
assessing the condition of insulation systems. Among existing methods, the measurement
of UHF emissions from PD using antennas stands out, as it enables diagnostics in energized
installations without requiring a galvanic connection between the sensor and the equipment.
This technique offers significant advantages over more traditional methods; however, it is
not without challenges. The presence of obstacles in the measurement environment can
create destructive and constructive interference by reflecting or diffracting the UHF
emissions. These interferences may impact the insulation condition diagnosis, complicate
the localization of emission sources, and hinder the identification of the type of PD. This
article presents the results of a series of experiments that characterize the effect of various
obstacle configurations on the signal recorded by a Vivaldi antenna. The findings identify
frequency bands whose amplitude is altered due to constructive interference from waves
reflected by the obstacles, providing valuable information to optimize measurements and
improve accuracy in PD diagnostics.

Keywords: UHF measurement, metallic obstacles, electromagnetic interference (EMI),
partial discharges (PD), electromagnetic emissions (EM).

Resumen: La deteccidn de descargas parciales (DP) en equipos eléctricos es esencial para
evaluar el estado de los sistemas de aislamiento. Entre los métodos existentes, la medicion
de emisiones UHF de PD a través de antenas se destaca por permitir el diagnéstico en
instalaciones energizadas sin necesidad de una conexion galvanica entre el sensor y el
equipo. Esta técnica presenta ventajas significativas sobre métodos mas tradicionales; sin
embargo, no estd exenta de desafios. La presencia de obstaculos en el entorno de medicién
puede generar interferencias destructivas y constructivas, reflejando o difractando las
emisiones UHF. Estas interferencias pueden afectar el diagndstico del estado de la
aislacion, dificultar la localizacion del origen de las emisiones y complicar la identificacion
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del tipo de DP. Este articulo presenta los resultados de una serie de experimentos que
caracterizan el efecto de diversas configuraciones de obstaculos en la sefial registrada
mediante una antena Vivaldi. Los hallazgos permiten identificar las bandas de frecuencia
cuya amplitud se ve alterada debido a la interferencia constructiva de ondas reflejadas en
los obstaculos, proporcionando informacion valiosa para optimizar las mediciones y
mejorar la precision en el diagnostico de DP.

Palabras clave: mediciéon UHF, obstaculos metalicos, interferencia electromagnética
(EM), descargas parciales (DP), emisiones electromagnéticas (EM).

1. INTRODUCTION

Partial discharge (PD) monitoring is a fundamental
tool for assessing the degradation state of insulation
systems in high voltage electrical assets [1], [2]. PD
typically occurs in the weakest areas of the
insulating material, such as in vacuoles, electrical
trees, surface conductive particles and sharp
metallic protrusions [3]. This phenomenon
progressively degrades the dielectric properties of
the material, eventually leading to catastrophic
insulation failure. Due to their impulsive nature,
PDs generate electromagnetic (EM) emissions over
a wide range of frequencies [4]. This allows the use
of UHF antennas, which can be strategically placed
close to the emission source to detect and monitor
the evolution of faults without requiring a galvanic
connection to the equipment [5], [6]. In addition to
detection, a significant advantage of these sensors is
their ability to localize the emitting source by
calculating the time difference of arrival (TDOA) of
the signals picked up by multiple antennas.
However, this localization process faces significant
challenges due to interference from external noise
sources, such as FM radios, TV broadcasts, WiFi
communications and cell phones, which can mask
PD emissions in certain frequency bands [7]. Also,
the presence of metallic structures such as electrical
machine parts, poles, towers and busbars can reflect
electromagnetic waves, altering the shape of the
pulses detected by the antennas and hindering the
accurate calculation of the TDOA [8]-[15].

Changes in the measurement environment, such as
the addition or removal of metallic obstacles near
the emission source, can induce temporal and
spectral variations in the recorded signals. These
variations can generate false alarms in UHF
monitoring systems, as they can be interpreted as
new faults or as the progression of an existing one.

In this paper, the results of an experimental study on
the spectral variations experienced by the
electromagnetic emissions of two different PD
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sources in the presence of obstacles in the
measurement environment are presented. The
results obtained using a Vivaldi antenna show that,
in certain frequency bands, the spectral power can
be significantly increased, while in others,
noticeable decreases in spectral power are observed.
To verify the influence of obstacle grounding,
additional experiments were performed keeping the
metallic obstacles isolated from ground, observing
similar results as in the case with grounded
obstacles. Therefore, only the results obtained with
grounded obstacles are presented in this work.

2. EXPERIMENTAL SETUP

To characterize the effect of different types of
obstacles in the environment of a PD EM emission
source during the measurement process, two types
of obstacles were designed:

e Metal rectangles of 10 cm x 10 cm and 150
cm in height.

e Metal cylinders of 6.37 cm in diameter and
150 cm in height.

The PD generation and measurement process was
carried out using a fully standardized indirect
measurement circuit [9]. This circuit was
complemented with a commercial PD monitoring
system that allowed verifying the presence of PD
and the type of source detected. To capture the
generated EM emissions, a Vivaldi antenna,
operating in broadband from 1.5 GHz, specially
designed for UHF PD measurements, was used [10],
[16]-[24]. This antenna consists of an exponential
slot line or waveguide integrated in a substrate,
connected by a microstrip transmission line to an
SMA connector.
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Fig. 1 Experimental configurations based on the different
obstacles and PD emission sources.
Source: own elaboration.

The measurement process began, for each test
object, by maintaining a low voltage level and a low
trigger level in the acquisition system. This allowed
the maximum amplitude of the background noise in
the laboratory to be established. Subsequently, the
trigger level was adjusted above the background
noise and the voltage was increased until a stable PD
activity was obtained, ensuring that the pulses
picked up by the Vivaldi antenna came exclusively
from PD sources. Three series of measurements
were performed for each test object: the first without
obstacles, the second with rectangular obstacles and
the third with cylindrical obstacles. During each
measurement run, 200 signals were stored with a
window of 1 ps.

The acquisition system used was a PXI high-speed
digitizer, with a sampling capacity of 12.5 GS/s,
vertical resolution of 8 bits and a bandwidth of 3
GHz. For the measurements reported in this study,
the system was set at an acquisition rate of 4 GS/s.
As shown in Fig. 1, two obstacle configurations
were implemented for each test object. The first
configuration consisted of eight rectangular
obstacles arranged equidistantly in a circular array
around the test object, placed at a distance of 40 cm.
The second experimental configuration included six
cylindrical obstacles, also placed 40 cm from the PD
emission source.

Two different test objects were used to generate
stable PD activity in each obstacle configuration.
The first object was a methacrylate disk with a
cylindrical vacuole 3 mm in diameter and 4 mm in
height, which yielded stable internal PD activity at
13 kV. The second object was a twisted pair of
conductors that generated surface PD at 10.3 kV.
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3. RESULTS

Fig. 2 and Fig. 3 present the normalized average
frequency spectrum obtained from the FFTs of the
200 signals recorded for each type of PD and
obstacle configuration. In both figures, the black
colored signal represents the average of the
measurements performed without metallic obstacles
around the PD source, while the colors indicate the
cases with the different obstacle configurations. The
low intensity in the frequency bands above 600
MHz stands out in all configurations and types of
PD, with the exception of the 1200 MHz and 1350
MHz bands, frequencies used in amateur radio and
aeronautical radionavigation. In these frequencies,
commonly detected in the Santiago area where the
measurement laboratory is located, the impact of
metallic obstacles is lower, as shown in Fig. 2 and
Fig. 3.

The lower graph in Fig. 2 shows the spectrum below
600 MHz corresponding to the measurements with
the disk (internal PD), where significant differences
between the signals with obstacles and those
without obstacles can be seen. The configuration
with cylindrical obstacles (blue signal) shows
significant amplitude increases below 100 MHz and
in the 300-400 MHz range. Rectangular obstacles
(red signal) have their most pronounced effect at
amplitude increases between 100 and 200 MHz. In
the bottom plot of Fig. 3, which shows the FFTs of
surface discharges below 600 MHz, prominent
increases are observed between 150 and 300 MHz
for the rectangular obstacle configuration (signal in
purple) and around 100 MHz for the cylindrical
obstacles (signal in green). This analysis, based on
the normalized averages of the FFTs of the recorded
signals, allows us to identify in which frequency
bands the largest amplitude increases are observed,
although it does not provide information on the
number of PDs exhibiting this behavior. Inspired by
the PRPD method, the graph in Fig. 4 is proposed,
which shows not only the increase in signal
amplitude (expressed as the quotient between the
normalized FFTs with and without obstacles), but
also the number of repetitions of that event. The
clusters in Fig. 4 highlight the frequency bands
where relative gain increases occur recurrently.
Among these are the bands identified by the average
FFT analysis, in addition to others not detected in
the plots of Fig. 2 and Fig. 3. Thus, the plot proposed
in Fig. 4 constitutes a more robust tool for the
detection of relevant frequency bands in this
analysis.
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The normalization used to obtain the clusters in Fig.
4 is based on the following calculation procedure:

— My
MO B Pméx(i) (1)
_M

Donde

M, is the n X i —dimensional matrix of the FFT
of the signals captured with an obstacle
configuration and a PD type.

My, is the matrix M, where each of the signals i
has been normalized with respect to its value.
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Fig. 2 Frequency spectrum of internal PD UHF signals captured

with different obstacle environments.
Source: own elaboration.
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Py is the maximum amplitude of the i -th signal
of the matrix M.

1\7fs is the average normalized FFT of the
unobstructed case for a PD type.

G is the n X i dimensional matrix of gain or
quotient between the FFT of the normalized signal

iandl\\/I;“

[ is the number of signals recorded for each
obstacle configuration and PD type.

1 is the number of points that make up the FFT of
each recorded signal.
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Fig. 3 Frequency spectrum of surface PD UHF signals captured
with different obstacle environments.
Source: own elaboration.
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Fig. 4 Normalized gains of all tested configurations.
Source: own elaboration.

The data of the four G matrices obtained are shown
in the plot in Figure 4, whereby each point indicates
the quotient between the normalized value of one of
the i recorded signals and the normalized value of
the unobstructed signal for PDs of the
corresponding type. The colors of the average FFT
plots have been maintained for clarity and easy
interpretation. In addition, a minimum limit of 7 pu
for the significant gains was established in the
construction of the graph to maintain control over
the density of the clusters and an appropriate
individualization of the frequency bands where the
effect of the obstacle configurations is more intense.

The distribution of the clusters is indicative of the
existence of clear and specific effects of the
different configurations of obstacles on the PD
sources analyzed, coming from the constructive
interference between the signal emitted by the PD
source and the signal reflected in the metallic
obstacles arranged. Table 1 shows the clearly
differentiated fringes with a number of events over
10% of the total. These data on the behavior of the
constructive interference  provide a clear
background that any interference pattern to be
constructed for a given measurement environment
should focus on the frequencies that see their
amplitude increased with respect to the case without
obstacles, since the evidence collected shows that
they are specific to each combination of PD source
and obstacle configuration.

One of the cases with a significant concentration of
events corresponds to the 115 MHz band for the case
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of surface PD and cylindrical obstacles, in green. In
this band more than 50% of the upper gains of the
recorded signals are concentrated, not finding
another frequency band so notorious where the case
of surface PD and cylindrical obstacles appears
alone. At 196 MHz and 377 MHz the points are
accompanied by data from the other combinations
of PD and obstacle configuration. Similar is the
behavior of the gains in the case of internal PD and
rectangular obstacles, where most of the maximum
gains occur for a defined frequency band of 79
MHz, appearing again important gains at 170 MHz
and 377 MHz, but coinciding with other types of
discharges and obstacles.

The case of internal discharges with rectangular
obstacles is the most distributed, presenting at least
four frequency bands equally outstanding and in
solitary, that is, where only this combination causes
significant increases in the amplitude of the signal
with obstacles. These bands are distributed
throughout the spectrum under analysis, appearing
at 10 MHz, 40 MHz, 309 MHz and 420 MHz.

Finally, the gains calculated on the basis of the
records obtained with surface discharges and
rectangular obstacles are the most dispersed, less
intense and recurrent, with only two frequency
bands appearing alone around 88 MHz and 250
MHz, with a low concentration of events close to
20% each. The other frequencies in which it appears
always coincide with amplitude increase
phenomena caused by other combinations.
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Table 1: Summary of frequency bands of each PD source and obstacle configuration

10 40 79 88 115
MHz | MHz | MHz | MHz | MHz

MHz

170 196 247 309 339 353 377 420
MHz

MHz | MHz | MHz | MHz | MHz | MHz | MHz

Internal PD
with
rectangular
obstacles (red)

Internal PD
with
cylindrical
obstacles
(blue)

Surface DP
with
rectangular
obstacles

(purple)

Surface DP
with
cylindrical
obstacles
(green)

4. CONCLUSIONS

The evidence gathered supports that the presence of
grounded metallic obstacles with high geometric
symmetry defines specific frequency bands where
the amplitude increases of the frequency
components of the signals emitted by the PDs are
maximal. However, the most prominent variations
were observed in the VHF region of the
electromagnetic emissions, picked up by the Vivaldi
antenna despite being tuned for signals in the UHF
range. This underlines the need to use antennas
tuned to different frequencies to achieve a more
complete characterization of the effect of metallic
obstacle configurations on the frequency spectrum
of the recorded signals.

In addition, it is crucial to extend the trials to include
both surface and internal PD combinations as well
as other obstacle configurations. In this first set of
tests, the symmetrical arrangement of obstacles
increases the probability of observing frequency
bands with constructive interference; however,
distributing the obstacles randomly, while
maintaining the obstacle geometry, could change
the frequency bands detected. Even so, it is expected
that any new obstacle configuration will reveal areas
of the spectrum with evidence of constructive
interference from electromagnetic  emissions,
allowing the development of techniques to identify
and filter reflected signals. This will facilitate more
accurate analysis of PD behavior based on UHF
signals emitted directly from the source.

This filtering of processed signals could be
implemented  in  controlled  measurement
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environments, without movement of personnel or
equipment, such as generator rooms in power plants,
AIS or GIS substations, or specialized laboratories.
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