<]
TUDelft

Delft University of Technology

Influence of the pulse voltage injection configuration on the electromagnetic distortion in
space charge measurements using the PEA method

Mier Escurra, G.A.; Mor, Armando Rodrigo

DOI
10.1109/E1C49891.2021.9612327

Publication date
2021

Document Version
Accepted author manuscript

Published in
2021 IEEE Electrical Insulation Conference (EIC)

Citation (APA)

Mier Escurra, G. A., & Mor, A. R. (2021). Influence of the pulse voltage injection configuration on the
electromagnetic distortion in space charge measurements using the PEA method. In 20271 IEEE Electrical
Insulation Conference (EIC): Proceedings (pp. 457-460). Article 9612327 (2021 Electrical Insulation
Conference, EIC 2021). IEEE. https://doi.org/10.1109/E1C49891.2021.9612327

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1109/EIC49891.2021.9612327
https://doi.org/10.1109/EIC49891.2021.9612327

Influence of the pulse voltage 1njection configuration
on the electromagnetic distortion 1n space charge
measurements using the PEA method

G.A. Mier Escurra
Electrical Sustainable Energy Department
Delft University of Technology
Delft, The Netherlands
https://orcid.org/0000-0001-9951-9547

Abstract—The Pulsed Electroacoustic Method is one of the
most common methods for space charge measurements in solid
dielectrics. This method involves applying a voltage pulse across
the dielectric under test, which modifies the electrostatic force
balance across the dielectric, creating an acoustic signal that can
be measured externally. This work analyzes the influence of the
pulsed voltage circuit connection location at the PEA test towards
the generated distortion due to the electromagnetic interaction
between the pulsed voltage and the acoustic sensor by means of
experimental tests. From the tests, it can be observed that the
connection locations of the pulsed voltage circuit directly
connected to the test cell have a significant influence on the
distortion magnitude. In practice, this means that the generated
distortion can be significantly diminished by modifying the
physical location of the connection to the PEA test cell of the
pulsed voltage injection electrodes. The results of this paper could
serve as a guideline for the construction of PEA measurement
setups to minimize the signal distortion caused by the pulsed
voltage, which can also reflect in simpler post-processing.

Keywords—space charges, pulse electro-acoustic method (PEA),
electromagnetic compatibility (EMC), high voltage cables, piezo-
electric sensor

I. INTRODUCTION

Space charge measurements in High Voltage Direct Current
(HVDC) cables have become more relevant during the last years
due to the increased use of polymers as a dielectric material.
Space charges trapped in solid dielectrics distort the overall
electric field and may lead to local overstresses resulting in
accelerated aging and, in the worst cases, even breakdown [1]—

[3].

Nowadays, acoustic and thermal methods are the most
common non-destructive methods for space charge
measurements in HVDC cables [4], [5]. Much research has been
done to improve these measurement methods, especially for flat
samples and mini cables. Nevertheless, successful space charge
measurements in full-sizec HVDC cables have been performed
since the 1990s [6], [7].
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The objective of this work is to analyze construction aspects
for the pulsed electro-acoustic method in full-size HVDC cable,
specifically the influence of the physical location of the pulsed
voltage connection at the PEA test cell. This work shows that
the electrical location of the voltage pulse connection impacts
the current distributions across the test cell during the pulse
injection, inducing a disturbance in the sensor-amplifier circuit.
This disturbance may superimpose with the relevant PEA signal,
potentially creating errors during post-processing and analysis.

The influence of the pulse connection location is analyzed
by means of experimental tests in which PEA measurements
with three different pulsed voltage injection positions are
compared.

II. EXPERIMENTAL SETUP

The experimental test setup is briefly described in this
section. A more detailed description of the setup can be found in

(8]
A. PEA test cell

The PEA test cell used for the experiments uses a flat
electrode configuration to facilitate a uniform contact with the
HVDC cable. The electrode consists of a 120 mm thickness
aluminum to avoid overlapping of the signal due to reflections,
considering the dimensions of the HVDC cable sample [9]. The
minimum required aluminium thickness has been calculated
according to the following equation.

dy > dd% e))

Where d; and dy; are the thicknesses of the sample
dielectric and the aluminum electrode, respectively. Meanwhile,
vy and v, represent the average acoustic propagation
velocities of the dielectric sample material and the aluminium
electrode, respectively.

The acoustic sensor consists of a 52 um thick polyvinylidene
fluoride (PVDF) piezo film backed with 20 mm thick of non-



polarized PVDF. The piezo film is connected to a 30 dB charge
amplifier with 1.6 kQ input resistance, in series with two more
20 dB amplifier stages. Then, the amplified signal reaches a 40
MHz bandwidth oscilloscope. The amplifiers and oscilloscope
are all battery-powered without connection to ground. Fig. 1
shows a representation of the PEA test cell.
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Fig. 1. Representation of the PEA test cell.

B. HVDC cable under test.

The sample is a 320 kV HVDC cable with cross-linked
polyethylene (XLPE) as dielectric material. For the experiments,
the outer semiconductor was exposed at the middle of the cable
length, which is in contact with the electrode of the test cell. The
semiconductor was kept continuous for the whole length of the
cable. Guard electrodes (GE) were used at the HVDC cable at
each side of the PEA test setup, as shown in Fig 1.

TABLE L HVDC CABLE PROPERTIES
Property Value
Inner conductor (diameter) 62.3 mm
Inner semi-conductive layer thickness 1.9 mm
Insulation thickness (XLPE) 21.5 mm
Outer semi-conductive layer thickness 1.5 mm
Exposed semiconductor length 1.5m
Total cable length 9m
Cable weight 34.1 kg/m

The HVDC cable has been previously subjected to tests non-
related to this work, in which HVDC has been applied. Due to
this, the cable has pre-existing space charges. Nevertheless, the
existence of space charges does not affect the results of this

paper.
C. Applied voltage pulse

The voltage pulse is generated using a fast solid state switch
which generates a 5.5 kV pulse of approximately 300 ns. The
pulse travels along a 100 meters coaxial transmission line of 50
Q characteristic impedance, which reaches the PEA test cell in
a non-matched connection. Due to the length of the transmission
line and the duration of the pulse, the voltage pulse generator is
decoupled from the PEA test cell. Because of the impedance
mismatch, the pulse is reflected, resulting in an enhanced
applied voltage pulse at the test cell [10]. The pulse generator is
properly terminated to avoid multiple reflections.

In Fig. 2, the measured voltage at the voltage divider of the
pulse generator can be observed. The initial peak belongs to the
outgoing pulse of the generator, and the reflected voltage
waveform from the test cell arrives at 1 ps. Because the pulsed
voltage at the test cell is the overlapping of the incident and
reflected waves, it is possible to estimate the applied pulsed
voltage by adding these two pulses.

Measured Pulsed Voltage at Generator

Voltage in kV

time in ps

Fig. 2. The measured voltage at the voltage pulse generator. The signal from
0 to 0.3 pus belongs to the outgoing pulse; the signal after 0.8 ps is the reflected
voltage at the HVDC connection

III. TEST EXPERIMENTS

The objective of the test experiments is to observe the impact
of the pulsed voltage on the piezo-sensor distortion resulting
from the current distribution across the PEA test cell during the
pulse application. For this purpose, a set of three test
arrangements were performed to demonstrate the relevance in
the selection of the pulsed voltage connection location at the
PEA test cell for the generated piezo-sensor distortion. Fig. 3
illustrates the selected locations for comparison used for Cases
A, B and C. In these cases, there is a dielectric table between the
metallic table and the PEA test cell to decrease the parasitic
capacitance towards the ground.

e (Case A: Pulse injection between the base of the PEA test
cell and the HVDC cable shield. The test cell is
ungrounded. The HVDC cable shield is grounded.

e (ase B: Pulse injection between the lateral part of the
PEA test, close to the upper surface of the aluminum
electrode, and the HVDC cable shield. The test cell is
ungrounded. The HVDC cable shield is grounded.

e (Case C: Pulse injection between the clamping screws of
the HVDC cable to the test cell and the HVDC cable
shield. The test cell is ungrounded. The HVDC cable
shield is grounded.

For the tests, a voltage of 200 kV DC was applied to the
HVDC cable. Each of the measurements had a duration of
approximately 30 seconds consisting of 100 averaged
signals.
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Fig. 3. Test setup 3D representation of the pulsed voltage connection
locations. Each of these cases has a different current distribution across the PEA
test cell with a different impact on the piezo amplifier interference. The
connection between the test cell and the guard electrode is made through the
yellow cables at the mechanical pressure screws.

IV. RESULTS AND DISCUSSION

In Fig. 4 can be observed the comparison of the different
measured signals between the different Cases. It should be noted
that the disturbance at the beginning of the signals (less than 3
us) has a peak value magnitude bigger than 1 volt, meaning that
the amplifier got saturated and that the complete waveform
cannot be observed. This disturbance is due to the interaction of
the pulsed voltage with the piezo-amplifier. For this reason, the
vertical scale of the graphs was adjusted, so the signals after 3
us are better visible. The main objective of this work is to
compare how the disturbance reaches and overlaps with the
acoustic signal belonging to the space charges region. For this
purpose, the focus is on the 19 ps after the acoustic time delay
region of the aluminium electrode.

The shown measured signals have not gone through any
post-processing to either compensate the piezo-amplifier
response, geometric divergence or acoustic attenuation losses;
meaning that the signal does not represent the actual charge
distribution in the sample.

From Fig. 4, it can be observed how the pulsed voltage
injection location has a different impact on the disturbance of
the signal depending on the pulse current path across the PEA
test cell. When the pulse injection is through the base of the PEA
test cell (Case A), the pulse current path is closer to the
amplifier, and this creates a higher electromagnetic interference
in comparison to Case B and Case C. Between Cases B and C,
the difference is not as remarkable. Nevertheless, in Fig. 4b can
be observed that at the arrival time of the acoustic wave from the
HVDC cable (19 ps), the signal from Case B is still more
affected by the disturbance than Case C, adding error to the
measurement.
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Fig. 4. Comparison of disturbances Cases A, B and C. (a) Full measured signal
ranging from the instant of the pulsed voltage application up to 32 us. (b) Zoom
to the time instant of the acoustic signal arrival belonging to the acoustic
measurements.

V. CONCLUSIONS

The results of this work by means of experimental testing
show the effect of the pulse injection connection location at the
PEA test cell in relation to the electromagnetic distortion of the
piezo acoustic sensor and the pulsed voltage interaction.

The use of a pulsed voltage in the PEA method produces an
electromagnetic transient across the PEA test cell, interfering
with the piezo-sensor and overlapping with the desired acoustic
signal. The distortion resulting from the pulsed voltage can be
substantially diminished by modifying the current distribution
of the pulsed voltage across the PEA test cell in relation to the
piezo amplifier position.

It must be noted that the measured disturbance is dependent
on the specific piezo-amplifier circuit configuration, which
differs between different PEA test cell designs. Nevertheless,
the measured disturbance is related to the magnitude of the
interference originated by the applied voltage pulse. This paper
demonstrates the influence of the connection configuration of
the applied voltage pulse and the resulting magnitude of the
disturbance in the piezo-amp circuit. Therefore, it is advisable
that for a given setup, the optimal location of the electrodes of
the voltage pulse injection connection is found. In our particular
setup, the minimum distortion was achieved when the electrodes
were placed at the furthest possible distance from the piezo-
electric sensor.



REFERENCES

L. A. Dissado, G. Mazzanti, and G. C. Montanari, “The role of trapped
space charges in the electrical aging of insulating materials,” IEEE Trans.
Dielectr. Electr. Insul., vol. 4, no. 5, pp. 496-506, 1997.

J. Li, Y. Zhang, Z. Xia, X. Qin, and Z. Peng, “Action of space charge on
aging and breakdown of polymers,” Chinese Sci. Bull., vol. 46, no. 10,
pp. 796800, 2001.

Y. Zhang, J. Lewiner, C. Alquié, and N. Hampton, “Evidence of strong
correlation between space-charge buildup and breakdown in cable
insulation,” IEEE Trans. Dielectr. Electr. Insul., vol. 3, no. 6, pp. 778—
783, 1996.

S. Hol¢, T. Ditchi, and J. Lewiner, “Non-destructive methods for space
charge distribution measurements: What are the differences?,” IEEE
Trans. Dielectr. Electr. Insul., vol. 10, no. 4, pp. 670-677, 2003.

A. Imburgia, R. Miceli, E. R. Sanseverino, P. Romano, and F. Viola,
“Review of space charge measurement systems: acoustic, thermal and
optical methods,” IEEE Trans. Dielectr. Electr. Insul., vol. 23, no. 5, pp.
3126-3142, Oct. 2016.

(6]
(7]

(8]

(91

[10]

T. Takeda et al., “Space charge behavior in full-size 250 kV DC XLPE
cables,” IEEE Trans. Power Deliv., vol. 13, no. 1, pp. 28-39, 1998.

K. Terashima, H. Suzuki, M. Hara, and K. Watanabe, “Research and
development of +250 kV DC XLPE cables,” IEEE Trans. Power Deliv.,
vol. 13, no. 1, pp. 7-16, 1998.

G. Mier Escurra, A. Rodrigo Mor, and P. Vaessen, “Influence of the
Pulsed Voltage Connection on the Electromagnetic Distortion in Full-Size
HVDC Cable PEA Measurements,” Sensors, vol. 20, no. 11, p. 3087, May
2020.

A. Imburgia et al., “The Industrial Applicability of PEA Space Charge
Measurements, for Performance Optimization of HVDC Power Cables,”
Energies, vol. 12, no. 21, p. 4186, Nov. 2019.

[10] S. Holé, “Behind space charge distribution measurements,” IEEE
Trans. Dielectr. Electr. Insul., vol. 19, no. 4, pp. 1208-1214, 2012.



