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Decentralised Energy Infrastructure Integrated with
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The world is facing a relentless depletion of fossil fuel resources alongside an acceleration of climate change, largely
attributed to greenhouse gas emissions. Energy demand is projected to surge by 56% between 2010 and 2040, and
could increase fivefold by 2100, driven by population growth and rapid global industrialization. As energy needs in
transportation and electricity supply continue to rise, the pressure on energy generation, storage, and consumption
will intensify, necessitating transformative changes. In this context, liquid hydrogen and superconductivity emerge as
promising solutions for the future.

The global energy supply is currently undergoing a significant transition, spurred in part by the imperative for
a low-carbon future. With the anticipated growth in the integration of intermittent renewable energy sources, such
as wind and solar, into the electrical grid, the demand for reliable energy storage systems is becoming increasingly
critical. Research and development in this area are focused on mitigating the emerging energy challenges by creating
efficient storage solutions. Integrating these systems—particularly hydrogen-based storage—with renewable energy
will enable the capture and storage of surplus energy that would otherwise go to waste.

Despite the potential of these technologies, the high capital costs associated with energy storage systems remain a
significant barrier to their widespread adoption. However, with strategic energy management, the profitability of these
systems can be maximized by releasing stored energy during periods of high demand and prices. The advancement
of the hydrogen economy, in tandem with superconducting technologies, is poised to drive substantial changes in the
natural gas industry, paving the way for a more sustainable and resilient energy future.
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Recent development of HTS large scale applications for energy
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Introduction
High Temperature Superconductivity (HTS) is a technology having big potential for applications in energy sector. Fea-
tures of superconductivity fits very well in expectations of modern electrical devices. They are very high energy density
and high efficiency. Such properties enable to construct devices expected in modern energy transition. Unfortunately,
superconductivity is a technology not enough reliable for wide market applications. It needs further development and
laboratory investigation to ensure proper operation of electrical devices in real industrial conditions.

Superconducting technology can be exploited in devices at every stages (chains) of energy processing: during
generation, transmission, storage and use of energy. The most common devices with HTS technology used for energy
processing are generators and motors, transformers, transmission lines, coils and magnets and fault current limiters.
Additionally the technology can be used (bulk superconductors) in magnetic levitation, suspension and magnetic cloak-
ing. Because of complexity of superconducting technology and high cost of experimentation the research focused on
this matter is usually carried out in a form of interinstitutional (very often international) collaboration. Presented in
the paper examples of research on HTS superconductivity are related to activities undertaken within COST (Coopera-
tion in Science and Technology) CA19108 initiative entitled: “High-Temperature SuperConductivity for AcceLerating
the Energy Transition” [1].

HTS wires, tapes and bulks
The first step to construct highly efficient superconduct-
ing device is to use proper HTS material. Superconductor
are used in a form of wires, tapes and as a bulk mate-
rials. Recent development of superconducting materials,
apart technological processes, is focused on reduction of
AC losses and increasing of critical current in self-magnetic
field.

Very important part of development of HTS materials
is proper numerical modelling, reflecting exact parameters
of given superconductor. New approaches and new numer-
ical tools are proposed to accelerate the effectiveness of
modelling. Another important aspect is characterization
of HTS materials in different operational environments.

A bit different area of investigation is related to bulk
superconductors. They are achieving correct crystal struc-
ture (including expected pinning properties) and achieving
the highest possible magnetization field. Pulse magnetic
flux pumping is one of the most intensive developed pro-
cesses.

Mentioned above efforts in development of HTS mate-
rials with enhanced features are directly related to devel-
opment of large scale devices described in the next section.

Large scale HTS devices
Energy transition is a step in a direction of more sustain-
able and more efficient energy distribution and consump-
tion. In every step of energy processing large scale super-
conducting devices are able to ensure better properties of
the process [2].

Superconducting generators, as a first energy chain
(production/generation) made usually as synchronous ma-
chines. They are very promising players in renewable en-
ergy market, e.g. in wind farms because of reduced mass
and volume. Similar advantages are important for gener-
ation of energy in transportation (ferries, airplanes).

The second energy chain is distribution. HTS technol-
ogy is entering fast to commercial market of energy cables
and transmission lines, mostly in DC and AC high current

cables.
The second group of HTS devices in energy distribu-

tion are transformers and fault current limiters (SFCL).
The most important directions of development are increas-
ing of energy density (increasing of the critical current)
and integration of transformer and SFCL (transformer
with SFCL functionality).

Important aspect of energy transition is possibility of
energy storage. Superconducting technology offers pos-
sibility to store energy in magnetic field. There are nu-
merous prototypes of SMES (Superconducting Magnetic
Energy Storage) developed in recent two decades. Recent
years researchers are trying to construct SMES based on
MgB2. Some efforts are directed also to develop flywheels
suspended at superconducting bearings and motor.

The last and the biggest group of superconducting ap-
plications are devoted to use of energy. In this range the
most important development is carried out in area of elec-
trical machines (motors) devoted for different application.
Large group is transportation [3]. In this area also dif-
ferent superconducting devices are applied in propulsion
systems, suspension, supplying, etc. It shows potential of
application of superconducting devices also in transporta-
tion transition.

Summary and final paper
Presented in the abstract recent developments of HTS
technology and devices is only a brief presentation of this
important topic. The final paper will include detailed
analysis of benefits and challenges related to this tech-
nology.

References
[1] COST, Hi-Scale Technical Annex, Proposal, 2020.., .
[2] M. Yazdani-Asrami et al, Artificial intelligence methods for

applied superconductivity. . . , Supercond. Sci. Technol. 35
123001, 2022.

[3] R. Dorget et al, 3-D Semi-Analytical Model of a Supercon-
ducting . . . Machine, IEEE Trans. Magn., v. 57, no. 11,
2021.

3



11th International Conference
Electromagnetic Devices and Processes
in Environment Protection Lublin 2024

Overview of the high power continuous-wave Ion Cyclotron Range
of Frequencies system of the ITER tokamak

Walid Helou1), Walid Helou1), Francois Calarco1), Charlotte Barbier1), Alvaro Bustos1), Nicolas Ferrigno1),
Margaret Graham1), David Guillermain1), Fabienne Kazarian1), Aparajita Mukherjee1), Amit Patel1), Kenji Saito1),

and authors of 1)
1)ITER Organization, Route de Vinon-sur-Verdon, CS 90 046, 13067 St. Paul Lez Durance Cedex, France

Corresponding author email: walid.helou@iter.org

Introduction
In a steady-state nuclear fusion reactor of the tokamak type, high-power Continuous-Wave (CW) Radio Frequency
(RF) systems are needed, among other systems, to heat the plasma up to the required temperatures of 10-20 keV
as well as to drive a non-inductive plasma-current which is required for the plasma confinement. The high power
RF systems are also used for conditioning the vessel wall. This contribution overviews the Ion Cyclotron Range of
Frequencies (ICRF, 40-55 MHz) system of the International Thermonuclear Experimental Reactor (ITER).

The ITER ICRF system
The ITER ICRF system, is a high power CW RF system
operating at 40 to 55 MHz. In the framework of the ITER
re-baselining [1, 2], the ITER ICRF system will feature one
antenna and a source power of 10 MW for the first oper-
ation phase of ITER. Based on the outcome of the first
operation phase of ITER, the system can be upgraded to
20 MW for the nuclear Deuterium-Tritium phases of ITER
while keeping one antenna. The ITER ICRF system in its
10 MW configuration is sketched in FIG 1.

The ITER ICRF antenna, which is illustrated in FIG
2, is a phased array of 6×4 electrically-short radiating
loops grouped in 8 triplets. The radiating elements are
oriented, spaced and phased such as to couple waves to
the plasma with the proper polarization and the proper
radiating plane wave spectrum while reducing parasitic in-
teractions at the plasma edge. The triplets of an antenna
are fed through a specific internal circuit with embedded,
compact and robust service-stubs providing cooling to the
internal conductors of the coaxes and broad-banding the
antenna’s response. The stubs also provide the necessary
mechanical support for the antenna’s internal components
and allow positioning vacuum RF feedthroughs at a lo-
cation that is favourable from mechanical and neutronic
points of view. The ITER ICRF array antenna is pow-
ered by 8 coaxial lines and a specific impedance matching
network providing load-resilience (i.e. inherent immunity
against fast loading variations). The ITER ICRF system
in its 10 MW configuration is driven by 4 RF sources. The
power is upgradable to 20 MW by connecting additional
RF sources and high voltage power supplies.

The contribution overviews the ITER ICRF system,
the RF design of the ITER ICRF antenna and the strategy
that has been adopted to optimize the antenna’s power
coupling within the operation frequency range while en-
suring compliance with the requirements on the maximum

voltages (45 kV peak), and maximum electric fields (2-3
kV/mm). The contribution also overviews the ongoing
R&D and prototyping works (such as RF feedthroughs
and their dedicated testbed, the 3D-printed radiating ele-
ments, etc.) and discusses the various foreseen protection
systems (such as the foreseen arc detection systems).

Fig. 1. The ITER ICRF system in its 10 MW configura-
tion

Fig. 2. The ITER ICRF antenna, 3.5m × 1.6m × 2.1m,
∼ 46t
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Abstract

The grid and micro-grids must cater to several dis-
tributed loads across a wide geography. In the context of
the EV charging scenario, there can be millions of vehi-
cles getting connected to the grid at specified periods of
time when the grid can get overloaded. This will make the
grid unstable. This is an important challenge to address.
Currently, the grid and micro-grids are connected to sev-
eral distributed devices that behave as both sources and
sinks. During some periods, these devices pump power
into the grid thereby behaving a sources and during some
other periods, these same devices will act as sinks. A
typical example is the EV battery charging wherein the
batteries can both source and sink power. These devices
are distributed throughout the micro-grid over a wide ge-
ography. In order to control the power flow from or to
these devices, the power parameters need to be monitored
and the data transmitted for interpretation and actua-
tion. This implies that a strong communication layer that
is tightly integrated to the power layer is needed. This is
also a very important challenge that needs to be addressed.
Traditionally, the loads presented to the grid are AC loads
or loads made compatible for the AC grid. However to-
day, there are several different types of loads with various
requirements. Some of the loads are AC loads compatible
with the traditional AC grid. There are several loads that
do not require sinusoidal wave shape. There are many
loads like lighting, laptops etc. that demand DC. As a
consequence many DC micro-grids have come to co-exist
alongside the AC micro-grids. In the three phase grid and
micro-grids, phase imbalance is a serious issue. Due to un-
equal loading on the three phases of the grid, the grid utili-
sation is poor. The AC micro-grids and the DC-microgrids
should be interfaced in a manner such that there is power
sharing and also buffering to handle the load imbalances.
The issue of load imbalance and power transaction be-
tween the AC and DC micro-grids and across the various
AC and DC devices connected to these micro-grids is a
significant challenge to be addressed. The challenges viz.
grid instability, tight integration of communication layer
along with power layer, load imbalance and interaction
between AC and DC micro-grids are highly inter-linked
and a coupled problem. An interesting application of the
EV batteries connected to the grid is for stabilising the
grid. The EV batteries are interfaced to the grid through
power converters. The bi-directional DC-to-DC or DC-to-
AC power converters are part of any EV charging station.
The power flow and other power parameters are sensed
at the points of every EV battery interface and the data
communicated to central processing unit. The central unit
will interpret the data from these charging interface units

and provide supervisor reference control such that few of
the batteries connected to the grid will act as buffers and
the rest will act as sinks. The nature of the role for the
EV batteries connect to the grid will be allocated by the
central processing unit in a dynamic manner such that
grid stability is always achieved. Such vehicle to grid in-
terconnections need both power as well as information to
flow together. A enabling technology for this would be the
copper-with-optic fibre cable. These need to be used at ev-
ery power level from transmission to distribution upto to
the LV side, as the default cable interconnect. One of the
most significant enabler would be the HVDC substations.
The transmission and distribution should happen more
and more through HVDC. Even downstream at the distri-
bution level and low voltage levels, the bidirectional power
converter topologies similar to that used in HVDC substa-
tions should be used. This should be mandatorily coupled
with the use of copper-with-opticfibre links wherein power
flow and information flow are tightly coupled. These two
together will form the basis for “packet based energy trans-
mission and distribution”. A group of HVDC substations
based on geography will be categorised together to form
a “virtual energy router (VER)”. Each port of the VER
will be a HVDC substation along with a joule counter to
keep track of the energy packets in and out of the port.
All HVDC substations within a VER will share a common
DC-link which will be the primary buffer for that VER.
The VER port outputs can be either DC or AC depending
on the nature of the loads downstream that the HVDC
substation is catering to. There will be several VERs
within a country at the transmission level. Further down-
stream, at the distribution levels too, there will be VERs
at medium voltage levels and also at the low voltage lev-
els to distribute power to the last mile loads. At medium
voltage levels, the distribution substations will form the
ports of VERs. Each VER must have a shared buffer. At
the low voltage levels, bi-directional power converters will
act as the ports of the VER. Here too, each VER must
have a shared DC-link with probably batteries acting as
buffers. In all cases, and throughout all hierarchical levels
upto the last mile load, the copper-with-opticfibre cables
are to be used to provide tight integration of both power
flow and information flow. Every VER port must have
joule counters. The power parameters and joule counter
data has to be transmitted to the central processing unit
of that VER. Once the existing power grid infrastructure
is modified as above, packet based energy transmission
and distribution is possible based on protocols similar to
TCP/IP with appropriate modifications to handle power
layer too.
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Introduction
The goal of the fusion research is to harness energy from the fusion of atomic nuclei. Under controlled laboratory
conditions, the nuclear fusion of the two hydrogen isotopes - deuterium and tritium - results in the neutron release,
production of a helium nucleus, and significant amount of energy. Just one gram of the fuel could produce the
equivalent to the heat from burning around 11 tonnes of coal [1]. A steady-state magnetic nuclear fusion tokamak
reactor requires auxiliary heating and current drive systems. There are three main ways to heat magnetic confinement
plasmas: ohmic heating, high-frequency heating (Electron Cyclotron Resonance Heating and Ion Cyclotron Resonance
Heating) and neutral beam injection. Vacuum feedthroughs are essential components in high-power RF systems
interfacing with vacuum. Careful design, qualification, and testing are essential before installation to the vacuum
chamber and connecting the antenna. This report presents the design of a new high voltage RF resonator test facility
for the new vacuum feedthroughs of ASDEX Upgrade tokamak ICRF antennas.

ASDEX Upgrade ICRF vacuum
feedthrough test facility
Heating plasmas with electromagnetic waves in the Ion
Cyclotron Range of Frequencies (ICRF) is an established
technique in magnetic confinement fusion research. The
ion cyclotron frequency is about 15MHz/T for hydrogen.
ICRF heating (ICRH) is usually realized with phased an-
tenna arrays of radiating loops installed in the outer wall
of the magnetic confinement fusion device vacuum vessel.

Fig. 3. Schematic of high voltage RF resonator
New vacuum feedthrough has been recently designed for
the AUG ICRF system [2, 3]. The new feedthroughs
have to be tested in laboratory environment before their
installation in the tokamak vacuum vessel. A new high

voltage RF resonator test facility design is reviewed in
this report. The test facility is an extension of ISHTAR
(Ion-cyclotron System Hardware Test Arrangement) [4]
(including Φ2m magnetic field coils) and is designed in
two configurations: one with two new 9-inch windows fea-
turing improved surrounding structures (corona rings or
arc traps), and another with a 6-inch window combined
with existing surrounding structures and new 9-inch win-
dow. High-power tests (∼400 kW, ≤ 10 s) using an AUG
ICRF generator are planned to reach the same voltage
standoff as during ICRF system operation on AUG.

Acknowledgements
This work has been carried out within the framework of
the EUROfusion Consortium, funded by the European
Union via the Euratom Research and Training Programme
(Grant Agreement No 101052200 — EUROfusion). Views
and opinions expressed are however those of the author(s)
only and do not necessarily reflect those of the European
Union or the European Commission. Neither the Euro-
pean Union nor the European Commission can be held
responsible for them. The views and opinions expressed
herein do not necessarily reflect those of the ITER Orga-
nization. The authors acknowledge and specially thank
Mr. Gerhard Siegl and Mr. Boris Mendelevitch for the
generous support and fruitful discussions.

References
[1] R. Toschi, Fusion Engineering and Design, 36 1–8 (1997).
[2] O. Girka, W. Helou, H. Faugel, W. Tierens, V. Bobkov,

Fusion Engineering and Design, 193 113646 (2023).

[3] H. Wedler, F. Wesner, W. Becker, R. Fritsch, Fusion Eng.
Design, 24, 75-81 (1994).

[4] K. Crombé, S. Devaux, R. D’Inca, et al., AIP Conf. Proc.
1689, 030006 (2015).

6



11th International Conference
Electromagnetic Devices and Processes
in Environment Protection Lublin 2024

Functional electronic materials based on wood, carbon nanotubes,
and graphene

Agnieszka Lekawa-Raus1), Damian Łukawski2),
1) Centre for Advanced Materials and Technologies, CEZAMAT, Warsaw University of Technology, Poleczki 19 St., 02-922,

Warsaw, Poland
2) Faculty of Materials Engineering and Technical Physics, Poznan University of Technology, Piotrowo 3 St., 60-965, Poznan,

Poland

Abstract
The recent search for sustainable and low-carbon footprint materials has increased the interest in wood. Wood is a
robust, porous, lightweight, and easily processable material. Simultaneously, it is natural, widely available, renewable,
and biodegradable. It can be used as a raw material or turned into a wide range of composites and derivatives of
varying properties. Enriching this carbon-based material and its composites and derivatives with carbon nanotubes
(CNTs) and graphene can lead to the development of many novel applications and significantly change the functionality
and performance. This includes a large range of electronic applications within the area of the Internet of Things.

Using natural materials in emerging electronic ap-
plications has sparked a significant shift towards more
sustainable practices [1, 2]. The growing focus on sus-
tainable and eco-friendly materials has heightened the
interest of researchers in wood. This material is strong
yet porous, light, and easy to manipulate. Additionally,
it is a natural resource that is abundant, renewable, and
capable of biodegradation. Wood can serve as a basic
material or be transformed into diverse composites and
derivatives with different characteristics. By integrating
this carbon-based material, its composites and derivatives
with carbon nanotubes (CNTs) and graphene, numerous
innovative applications could emerge, profoundly altering
its functionality and effectiveness. Being one of the first
scientists to combine wood with carbon nanomaterials,
we have shown that wood can be coated with CNTs and
graphene using standard printing and coating techniques.
Interestingly, we observed that CNTs and graphene can
also be deposited on wood without the use of binders
[3, 4]. Depending on the chosen technique of deposition
and coating material, we turned wood superhydropho-
bic and antistatic. Moreover, we have shown a range
of electronic applications such as wood-based flood sen-
sors, motion sensors, temperature sensors, integrated floor
heaters or wood dryers.

Fig. 4. Functional wood – carbon nanomaterials compos-
ites for IoT applications [3]

Further studies have shown that carbon nanomaterials can
be easily integrated into wood binders and produce elec-
troactive particleboards, keeping the international stan-
dards for reference composites [5, 6]. The most recent
study considers the use of CNT-enriched wood sponges as
medical electrodes [7]. However, the combination of wood,
CNTs and graphene can provide many more interesting
solutions. Our recent reviews analyse current progress in
this area and indicate directions for future development
[8, 9].
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Introduction
Recent developments in artificial intelligence are widely enabled by artificial neural networks, which exhibit a growing
complexity and rely on increasingly large sets of training data and a rising expenditure in terms of computational
resources and power consumption. The majority of contemporary artificial neural networks utilizes tailored inte-
grated circuits, which are based on (mostly) conventional silicon technology and CMOS compatible processes. On
the contrary, biological neuron assemblies form via bottom-up network development in soft matter and continued
stimulus-dependent optimization via dynamic reconfigurations of network paths. Recently, these processes have be-
come of crucial interest to implement comparable energy efficiency and robustness in technical systems. To fully
harness the capabilities of neural networks in brain-inspired electronics, it appears mandatory to explore deposition
approaches beyond conventional CMOS, including bottom-up processes, organic matrices and flexible substrates.

Abstract

Nanoobjects such nanoparticles or nanowires are interest-
ing building units for bio-inspired electronics based on the
self-ordered arrangement. In this talk, examples for ap-
plications in resistive switching and neuromorphic engi-
neering are showcased at the example of brain-like dy-
namics and resistive switching in nanogranular structures.
A particular focus lies on plasma-based gas phase syn-
thesis of nanoparticles from supersaturated metal vapours
as a promising pathway to create nanoparticles with tai-
lored composition and morphology. For nanocomposites
and individual nanoparticles alike, diffusive memristive
switching with distinct, well-separable resistance states
is found. By directly coating the nanocomposite layer
on conductive atomic force microscopy tips, memristive
switching was localised to the tip. As such, the reser-
voir of mobile Ag species for reversible filament formation
was strongly confined, which resulted in a transition to
a highly volatile switching regime [1]. Composite net-
works of AgAu nanoparticles and CNTs show diffusive
memristive switching in lateral networks on the µm scale

and exhibit excitation-dependent filament decomposition
behaviour[1]. Surface coverage of the nanoparticles is of
great importance for the switching dynamics of the sys-
tem: in self-ordered, highly interconnected networks of
metallic nanoparticles that are on the threshold of electri-
cal percolation, dynamic transitions between multiple re-
sistance states are observed, indicating avalanches of suc-
cessive switching, criticality and scale invariance, similar
to switching activity in neuron assemblies[3, 4]. The excel-
lent compatibility of nanoparticle beam deposition meth-
ods with a wide range of (unconventional) substrates en-
ables the incorporation of Ag nanoparticles into vacuum-
compatible liquid-phase polymers to produce nanogranu-
lar metal-polymer nanocomposites. In these nanofluids,
electrophoretic field-driven migration of particles and par-
ticle agglomerates can be used to reconfigure wide-ranging
conductive bridges [5].
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Gas-aggregated nanoparticles and where to apply them: from
optics to neuromorphic science

Daniil Nikitin, Pavel Pleskunov, Kateryna Biliak, Mariia Protsak, Marco Tosca, Veronika Červenková,
Andrei Choukourov,

Charles University, Faculty of Mathematics and Physics, V Holešovičkách 2, 18000 Prague, Czech Republic

Introduction
Nanoparticles (NPs) of metals, semiconductors, or polymers represent objects of the typical size 1 – 100 nm with
properties that significantly deviate from the properties of bulk material. Due to this, NPs have been found prospective
in many applications, including catalysis, sensing, optical coatings, electronics, and biomedicine. Various physical and
chemical methods have been proposed to fabricate NPs. Among them, magnetron sputtering-based gas aggregation
sources (GAS) occupy a special place due to several benefits, e.g., high grade of chemical purity, simple tuning of
NPs size, chemical composition and crystallinity, and an opportunity to deposit NPs onto different substrates. In
this presentation, an introduction to the physics of gas-aggregated NPs will be combined with several applications to
demonstrate the feasibility of this method.

Gas-phase synthesis of NPs
GAS is an instrument routinely used to fabricate gas-
aggregated NPs in vacuum. The construction of sputter-
based GAS was invented by Haberland in 1991, and since
then, it has not significantly changed. GAS consists of a
magnetron installed in the water-cooled aggregation cham-
ber ending with a small orifice. Sputtering is performed in
the atmosphere of inert gas, most often argon, at pressure
of tens Pa to create conditions of supersaturation required
for spontaneous nucleation and growth of metal NPs. The
type of metal is limited only by the choice of commercially
available sputtering targets. NPs can be deposited onto
any vacuum-compatible substrate, such as silicon, poly-
mer foils, textiles, and even liquids. Not only single-metal
NPs but also more complex alloy or core-shell NPs can
be produced by GAS. Several strategies have been pro-
posed, including co-sputtering from the composite target
or independent magnetrons, or in-flight modification. Fur-
thermore, an admixture of reactive gases (O2 or N2) to
argon leads to the formation of oxide and nitride NPs. In
Charles University, we firstly used R.F. magnetron sput-
tering of polymeric targets inside the GAS to produce NPs
of plasma polymers.

Applications of gas-aggregated NPs
Due to the purely physical and vacuum-based strategy of
NPs fabrication, they are free of impurities, which makes
them attractive for various applications. Single metal plas-
monic NPs (Ag or Au) are used for Surface Enhanced
Raman spectroscopy (SERS) detection of organic dyes in
water or laser desorption/ionization mass spectrometry
(nanoPALDI) of biomolecules. Instead of expensive noble
metals, cheaper transition metals can be feasible alterna-
tive. Nb NPs were used for nanoPALDI, and V2O5 NPs
demonstrated their efficiency for SERS. Recently, we pro-
duced the refractory plasmonic NPs of transition metal
nitrides (TiN, ZrN, and HfN) by reactive-sputter GAS.
These NPs demonstrate better stability at elevated tem-

peratures vs. noble metals, which can be helpful for green
energy applications, such as solar light absorbers.

Antibacterial Ag or Cu NPs demonstrate high effi-
ciency against various pathogens, including those with an-
tibiotic resistance. In combination with organic matrix,
they form nanocomposite coatings protecting against the
growth of bacterial biofilms.

Nowadays, catalysis for energy production is one of
the hot topics worldwide. Gas-aggregated Pt NPs demon-
strated better electrochemical results than conventional
magnetron-sputtered nanostructured films. Furthermore,
the NPs of tantalum oxynitride were found to be applica-
ble for photoelectrochemical solar water splitting.

The novel and fascinating application of gas-
aggregated NPs was found in neuromorphic science. In
this field, researchers worldwide try to mimic the pro-
cesses in biological neural networks using artificial devices
based on the resistive switching effect. Interestingly, the
solid percolating networks of gas-aggregated metal NPs
stochastically change their resistance between insulative
and conductive states with dynamics similar to the sig-
nal transmission in synapses. Inspired by this discovery,
we deposited Ag NPs into the liquid dielectric matrix to
form the neuromorphic nanofluidic system. In the electric
field, NPs move toward biased electrode self-organizing in
the 3D-conductive filaments. As a result, the resistivity
of the medium between the electrodes changes. When the
filament forms, it passes the electric current in a spiking
regime similar to the percolating NPs networks. The life-
times of individual states of the system were analyzed to
understand the physics of the observed effect and to study
the influence of additional factors, such as the viscosity of
the liquid matrix and the temperature of the system.
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How to destroy cancer cells with nanotechnology?
Zbigniew Kołaciński

Abstract
Iron is one of the best elements for magnetization with electromagnetic radiation. It can be used as a tool for medical
diagnosis and treatment. Electromagnetic heating of iron nanoparticles and ferro-fluids can be successfully used for
non-invasive thermal ablation of cancer cells. Different types of electromagnetic waves have been used so far. For
thermal ablation of cancer cells the used radio frequency should fall within the industrial, scientific and medical
scope as well as the interaction with human body should be limited to minimum. Generally, the application of radio
frequency energy fields for medical treatment is justified by deep tissue penetration.

The highly Fe doped CNTs (Fe-CNTs) as the carriers creating magnetic fluid will be presented. An excessive
catalyst injection method using electrical furnace and microwave plasma reactor will be proposed. This way is possible
to grow the Fe filled CNTs on a moving surface in continuous synthesis process. This allows producing uniform carpet
of the Fe-CNTs carriers. Then the targeted therapies which can be effective if the carriers are able to distinguish the
difference between cancerous and healthy cell’s physiology are considered.
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Ozone nano-mist generation by dielectric barrier discharges and
automatic remote insect pest disinfection system in agriculture
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2)Faculty of Advanced Science and Technology, Kumamoto University, Japan
3)Faculty of Computer and Information Sciences, Sojo University, Japan
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Abstract
An automatic ozone nano-mist spraying system is developed to disinfect harmful insect pests in agricultural fields.
High dense ozone of a maximum concentration of 110 g-O3/m3 is generated by dielectric barrier discharges. The
water nano-mist consisting of nano-particles (200-1200nm size) is provided by an ultrasonic humidifier. In order to
spray remotely on insect pests (seven species), the YOLO object detection architecture based on the deep learning is
adopted to identify insect pests and the resulting disinfection conditions control remotely a microcomputer Raspberry
Pi which is connected to the spraying system. The testing process of the object target pests took 7-9 seconds. The
ozone nano-mist was exposed on the target pests. As a result, moths and whiteflies were disinfected within 30 seconds
and aphids and beetles needed longer treatment time over 60 seconds.

Introduction
Ozone has been proved to kill a wide range of species in-
cluding bacteria, fungus, viruses, insect pests and is an
effective alternative to chemical pesticides in agricultural
managements. Water mist in the form of droplets and
particles is ozonized to produce reactive hydroxyl radical
(*OH) with an oxidation potential of 2.86V. Recently, the
form of ozone mists has been interested widely and applied
to the disinfection of medical fields, food industries, and
agricultural fields[1,2]. We develop an ozone nano-mist
disinfection system in which the nano-mist consisting of
water particles in the size of 100nm-1000nm reacts imme-
diately with gaseous ozone to form the ozone nano-mist.
This system is operated to spray the ozone nano-mist on
target insect pests. YOLO-based pest detection architec-
ture is adopted to perform processes such as detection and
classification of insect pests in the agricultural field. This
spraying system controlled by Raspberry Pi is employed
for realistic application in the greenhouse. We implement
disinfection experiments on selected seven insect pests.

Materials and Methods
The ozone nano-mist splaying system is mostly composed
of an ozone nano-mist generator system, an image ac-
quisition and detection system and an automatic remote
spray. Fig.1 shows the ozone nano-mist generation system
controlled by Raspberry Pi. The high frequency power
(3.8-4.2 kV at 6 kHz) was applied between the electrodes.
The water nano-mist was generated by the piezoelectric
method that the transducer vibrating at an ultrasonic fre-
quency of 1.7MHz was placed in the atomizer storing wa-
ter. The ozonated nano-mist is prepared by injecting high
dense ozone into the nano-mist atmosphere. The dielectric
barrier discharge in oxygen provides gaseous ozone with
high concentration of 110 g-O3/m3. The YOLOv5 detec-
tion architecture correctly detected and identified insect
pests. The YOLO was implemented in Google Colabora-
tory providing access to the main computer.

Fig. 5. Ozone nano-mist generation system

Results and Discussion
Seven typical harmful insect pests including aphids,
moths, whiteflies, thrips, caterpillars, beetles and ants
were selected to investigate disinfection effect. The initial
process of the YOLO detection including train and vali-
dation consumed 8-9 minutes. The YOLO testing times
was 7-9 sec depending on the conditions (figure, size, num-
bers) of the selected picture image. Winged insects such
as moths, whiteflies and small larva of aphids were mostly
killed with the high disinfection rate near 100

Conclusion
The ozone nano-mist using 110 g-O3/m3 has sufficient dis-
infectant performance to kill winged insect pests. The
YOLO model is capable of correctly identifying the seven
species of insect pests with high counting accuracy. The
overall processes of the proposed disinfection spraying sys-
tem were completely accomplished.
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Development of Methods for Modeling Low-Frequency
Electromagnetic Field

Andrzej Demenko1)
1)Poznan University of Technology

Introduction
The presentation consists of four main parts. The first part presents three forms of description of electromagnetic field
equations and briefly describes the history of the development of methods for modeling systems with electromagnetic
fields. Part 2 focuses on describing the progress of numerical methods and discussing the latest approaches to the
Finite Element Method (FEM). In the third part, attention was paid to the equivalence of the finite difference, finite
element, and finite integral methods, as well as the method of electric and magnetic networks. The presentation
features a new FEM approach in which the finite element is considered as a nodal, edge and facet. Such an approach
leads to two types of models: (a) an edge model with unknown scalar potentials of the nodes and (b) a facet model
with unknown edge values of vector potentials. Part 4 presents examples of the application of the new FEM approach.
The methods for simulating the motion in a network models and for calculating electromagnetic forces and torques are
discussed. The conclusion points out the analogy between the methods of solving circuit equations and the presented
methods of solving field equations

Outline of electromagnetic modeling
history
Modeling systems with electromagnetic fields has a long
and interesting history. First, rheoelectric models were
applied, e.g. Kirchhoff, in 1845, when the field equations
were not yet known, used copper plate to determine the
distribution of the electrostatic field in a capacitor. Thirty
years later, in the Proceeding of the Royal Society, an ar-
ticle on the use of an electrolytic tank for field modeling
was published. The article was written by William Grylls
Adams.

Then, the application of models with conductive layers
has become widespread resulting from the development of
conductive paper production technology. Conductive pa-
per systems were used in up to the 1960s. An example of a
system with conductive paper is the EGDA analyzer built
at the Institute of Mathematics of the Ukrainian Academy
of Sciences. Conductive paper analyzer was applied by fa-
mous French mathematician Lucien Malavard.

In 1918, Karl Otto Heinrich Liebmann, a professor at
the Technical University of Munich, presented a differen-
tial diagram, describing the value of a scalar field quan-
tity at a given point based on the value of this quantity
at neighboring points. He can be considered the father of
the finite difference method (FDM). The FDM for phys-
ical fields was described in detail by Richard Courant in
1924 in the monograph "Methoden der mathematischen
Physik" [1]. R. Courant is also considered the origina-
tor of the finite element method [1]. When discussing the
FDM for solving physical field equations, we cannot forget
the achievements of Richard Vynne Southwell and Lothar
Collatz. The development of the FDM went hand in hand
with the development of electrical analog systems for solv-
ing the equations of this method. The idea of such a sys-
tem was presented in Russia by Semyon A. Gershgorin.
In 1929, he published in Russian the work "On electric
networks for the approximate solution of the differential
equation of Laplace", in which he presented the idea of
using an electric network to solve differential field equa-
tions. The first electric network models, later called net-
work field analyzers, were built by Clemens Louis Beuken

in the Netherlands in 1935, and Lev Israilevich Guten-
macher in Russia in 1940.

In the mid-1970s, attempts were made to design sys-
tems with a microprocessor network. However, these at-
tempts were abandoned due to the dynamic development
of single-processor digital computers and methods involv-
ing these computers. The ideas of microprocessor net-
works found application in digital parallel computing sys-
tems.

Numerical methods in electromagnetism
It is difficult to determine who initiated the use of numer-
ical methods and digital techniques to solve electromag-
netic field equations. Undoubtedly, one of the first was E.
A. Erdelyi, who in 1965, together with S.V. Ahmed and
R.D. Burtness published a paper on the use of the FDM
for numerical calculations of the magnetic field in a DC
machine at no-load [2]. Research in the following years
resulted in the rapid development of the finite element
method (FEM). The promoter of this method in electro-
magnetic calculations was P. P. Silvester, who in 1970,
together with M. V. K. Chari, published a paper on the
use of FEM for magnetic field problems. P. Silvester is the
co-author of several books: (a) "Finite Elements in Elec-
trical and Magnetic Field Problems" (with M.V.K. Chari,
1980), (b) "Finite Elements for Electrical Engineers" (with
Ronald L. Ferrari, 3 editions in 1983, 1990 and 1996),
(c) "Computer-Aided Design in Magnetics" (with David
A. Lowther), (d) "Finite Elements for Wave Electromag-
netics" (with Giuseppe Pelosi, 1994), (e) "Finite Element
Software for Microwave Engineering" (with Tatsuo Itoh
and Giuseppe Pelosi, 1996). Each of the mentioned co-
authors has significant contributions to the development
and implementation of the FEM for solving systems with
an electromagnetic field.

The end of the 1970s begun a period of dynamic de-
velopment of research on numerical methods for solving
electromagnetic field differences began. The first con-
ference on electromagnetic calculations, later known as
COMPUMAG conference, was held in Oxford, in April
1976. The co-organizer of the conference was Bill Trow-
bridge, author of many articles on numerical methods in
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electromagnetism, including two books [4, 5].
At the same time, Thomas Weiland developed and

began propagating computational systems using the finite
integral method (FIT) [6].

During the COMPUMAG conference in 1981, Alain
Bossavit presented for the first time a communication on
the edge element method [7]. He used the principles of
Hassler Whitney integral geometry; see Geometric Inte-
gration Theory, Princeton Univ. Press, 1957. Bossavit’s
research disseminated a new approach to the FEM. In this
approach, there are 4 Witney forms of the element: nodal,
edge, facet and volume form. It should be noted that re-
search on software that uses Whitney elements (Whitney
forms) is still ongoing.

Over the last 30 years, a number of new ideas for using
computers to calculate the electromagnetic field have been
introduced, i.e. the cell method, methods of reluctance
or permeance network. Approaches that allow combining
various methods are being sought. These searches are re-
lated to the author’s works on analogies between the most
common methods of modeling the electromagnetic field [8,
9].

Dual models of element using Whitney
forms
Based on the results of recent research, it is possible to
generalize the applied schemes and numerical methods for
analysing of systems with an electromagnetic field.

Despite the development of Whitney’s approach,
which considers four forms of the element, the classical
approach, which comes from research on systems with a
2D field, is still widely used. The author of this article de-
cided to present new, little-known approaches, which in-
volve the interpolation functions of nodal, edge and facet
elements. He used the languages of magnetic and elec-
tric circuit theory to describe elements and concentrated
on the formulations using scalar and vector potentials for
magnetic and electric fields. In these formulations there
are 2 models of the element for magnetic and 2 for electric
fields. Due to the location of the branches, these models
were named by the author as edge and facet, respectively.
The branches of edge models are associated with the ele-
ment’s edges. However the branches of the facet models
are assigned to facets and pass through the facets of the
elements. The nodes of these branches are the centers of
two elements with a common facet.

The branch of the edge network contains the capaci-
tance and conductance for electric field models and per-
meance for magnetic field models. Interpolation functions
of the edge element are used to calculate the values of
these quantities. The sources in the branches of the mag-
netic edge model are the currents in the loops around the
edges. However, in the electrical edge model, the sources
are the time derivatives of the loop fluxes. When forming
FEM equations for a network composed of edge models
of elements, it is taken into account that the integral of
the scalar potential gradient along the edge is equal to
the potential difference of the network nodes. As a result,
a system of equations describing the scalar potentials of
element nodes is obtained.

The branch of the facet electric model contains re-

sistance and elastance. However, the branch of the facet
magnetic network contains reluctance. To calculate the re-
sistance, elestance and reluctance of the facet model, the
interpolation functions of the facet element are applied.
The branch sources in facet models are loop currents or
derivatives of mesh loop fluxes in the loops assigned to the
facets. FEM equations for facet models are obtained us-
ing the edge values of vector potentials. These values are
the currents or fluxes in the loops around the edges. It is
taken into account that the integral of the current or flux
density on the surface of a given facet is the sum of the
loop currents or fluxes around all edges of this facet. The
obtained equations for a network with facet models of ele-
ments take the form of mesh/loop equations for a system
with nodes located in the centers of the elements. The
unknowns are the edge values of vector potentials, which
represent mesh/loop currents or fluxes.

The edge and facet models discussed above are very
similar to the models obtained using the FDM and FIT
[9]. Therefore it can be concluded that: a) for the formu-
lation using scalar potentials and nodal elements, FEM,
FIT and FDM equations represent nodal equations of edge
networks with branches associated with element edges, b)
for the formulation using vector potentials and edge el-
ements, FEM equations and equations of the equivalent
FDM, and FIT represent the loop (mesh) equations of the
facet network with nodes in element centers.

The presented circuit representation of network mod-
els of systems with electric and magnetic fields has many
advantages. It facilitates the homogenization of systems
with laminated cores and permanent magnets and allows
for the modeling of virtual displacements when determin-
ing forces and torques, as well as limiting disturbances
during simulating motion in finite element models. The
discussed approach allows coupling the FEM with the
method using circuit models [10].

It seems that the presented circuit representation of
the FEM is also useful in teaching numerical methods in
electrical engineering.
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Multi-agent simulation of switched reluctance motors
Mykhaylo Zagirnyak1),

1)Kremenchuk Mykhailo Ostrohradskyi National University

Introduction
According to [1, 2, 3], the share of electricity consumed by electric motors worldwide is about 65

Purpose
The purpose of the work is to increase the information
content in the simulation research of electromechanical
processes of a switched reluctance motor by developing
a mathematical model based on a multi-agent approach.

To achieve this goal, the following tasks need to be
solved: develop the structure of the MS SRM model using
multi-agent subsystems; standardize each agent to sim-
plify its application and integration into the overall sys-
tem; implement functions in the model for considering
load, modifying switching laws, and determining electri-
cal and mechanical characteristics.

Development of agents for the
mathematical model of switched
reluctance motor
The mathematical model of a switched reluctance motor
(SRM) built on the basis of a multi-agent approach is
shown in Fig. 1. The developed model consists of the
following agents.

A1 is an agent for forming the dependencies of phase
inductances on the rotor rotation angle, based on a linear
approximation of the inductance. This agent also calcu-
lates the key points of the operating cycle of the SRM
phase.

A2 is an agent for generating conditional motor phase
switching functions, which allows considering the phase
power supply delay, premature phase disconnection, and
the application of reverse voltage to accelerate the current
decay in the phase.

A3 is an agent for calculating the electromagnetic en-
ergy conversion in the phases of SRM, which is charac-
terized by the use of basic universal functions that allow
the implementation for various variations in the number
of stator and rotor teeth. This agent also allows us to con-
sider the asymmetry of the induction machine windings.

A4 is an agent for calculating the conversion of elec-
tromagnetic energy into mechanical energy (solving the
equation of motion).

A5 is an agent for motor load forming that allows im-
plementing three approaches to load formation: through a
universal mathematical description; through a set of spe-
cialized load models; through vectors of the dependence of

the resistance moment on time.
A6 is an agent for calculating the motor shaft rotation

angle and cyclic rotation angle, which is used in agent A3
to generate phase voltages and inductances as a function
of time.

Fig. 6. Schematic diagram of the SRM mathemat-
ical model

Conclusion
The model for calculating energy conversion in complexes
consisting of a power converter, SRM, and technological
object has been enhanced. This improvement includes the
use of a multi-agent subsystem, considers the resistance
torque of the technological mechanism, and considers the
design features of the motor.
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Eliminating the current pulsations at the terminals of
electrochemical energy storage during the asymmetrical operation

of a 4-wire converter
Dariusz Zieliński

Low-voltage distribution networks saturated with RE
sources and large single-phase loads, i.e. EV chargers and
heat pumps, are characterised by asymmetry and exceed-
ing of phase voltage limits. Known consequences of this
are outages of photovoltaic inverters, accelerated degra-
dation of electronic equipment, but also increased losses
in LV distribution transformers. These losses are mainly
due to the high angular and amplitudinal asymmetry of
voltage phasors on the transformer’s low-voltage side. A
panacea for solving the above problems is application of
a 4-wire AC/DC converter with an active neutral branch,
along with electrochemical energy storage. Converters of
this type can operate with any current asymmetry and
can be treated as three independent single-phase AC/DC
converters working for a common energy storage unit.
The ability to operate with any asymmetry of currents
allows efficient and immediate symmetrisation of distribu-
tion network voltages, while it transfers the problem of
power pulsation from the AC distribution network to the

DC terminals of the energy storage, which is detrimental
to it and shortens its life significantly.

To prevent these phenomena, a 4-wire power electronic
converter was developed that allows independent control
of each phase of a low-voltage line, along with an auxil-
iary DC/DC converter and a supercapacitor to compen-
sate for electrochemical storage pulsations. The device
uses control of the possibility of bidirectional regulation
of active and reactive power, thus achieving actively con-
trolled symmetrisation of the line phase loads resulting in
the restoration of a symmetrical three-phase voltage sys-
tem.

The presentation shows the effect of symmetrisation of
line voltages with a 4-wire converter on power pulsations
on electrochemical storage, and the effectiveness of com-
pensation of these pulsations using an auxiliary DC/DC
converter and a supercapacitor. The results shown were
obtained following simulation model calculations and the
power and voltage balance on the test bench.
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Improving the efficiency of a three-phase transformer with a
4-wire DC/AC converter for voltage symmetrisation in

asymmetrical networks with PV sources
Wojciech Jarzyna

Three-phase low-voltage networks with a neutral con-
ductor, especially those with high saturation of photo-
voltaic systems, are characterised by asymmetry and volt-
age overshoot. A well known consequence of this are out-
ages of photovoltaic generators, but also an increase in
losses in LV distribution transformers. These losses are
mainly due to the high asymmetry of voltage phasors on
the low-voltage side. For example, a symmetrical three-
phase system with phasor directions

[
1, ej2π/3, ej4π/3

]
, when

the power flow of one of the phases is reversed due to PV
sources, can take the directions

[
1, ejπ/3, ej2π/3

]
. Such a

condition results in the generation of harmful counter- and
zero-order components. In addition to the dangerous ef-
fects associated with the operation of three-phase loads in
such networks, these components contribute to increased
active losses and losses in the transformer core. To prevent
these phenomena, a 4-wire power electronic converter was
developed that allows independent control of each phase
of a low-voltage line. This control is expressed in the pos-

sibility of bidirectional regulation of active and reactive
power, so that actively controlled symmetrisation of the
phase loads of the line can be achieved resulting in the
restoration of a symmetrical three-phase voltage system.

The presentation shows the effect of asymmetrical dis-
tribution of grid voltage phases on transformer losses, and
estimates how this phenomenon affects the efficiency of
transformers. In order to improve the symmetry of volt-
ages and loads, a 4-wire DC/AC converter cooperating
with energy storage was developed. This converter allows
for independent bidirectional control of active and reactive
power. In this way, it can actively influence the voltage
system by symmetrising the low-voltage line loads. In this
way, it also affects the reduction of symmetrical compo-
nents of the voltages improving the efficiency of the trans-
former and other three-phase receivers.

The results shown were obtained following simulation
model calculations and the bench power balance.
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Sol-Gel Composite Material Development for Energy Harvesting
Makiko Kobayashi1),

1)Kumamoto University

Introduction
In recent years, the demand for sustainable energy solutions has significantly increased due to the growing emphasis
on reducing carbon footprints and mitigating climate change. Among the various technologies being explored, energy
harvesting through piezoelectric materials has emerged as a promising approach for wireless systems, especially those
involving integrated sensors in hard-to-reach or remote locations and self-sustaining wearable devices.

Piezoelectric sol-gel composite films could be one of the good candidates due to robustness and flexibility [1]. In
the past study, a 60µm thick piezoelectric lead-zirconate-titanate (PZT) /PZT composite film with a 20mm diameter
silver paste top electrode was vibrated at a deflection displacement of 5 mm, generating 13.6Vp-p at 10Hz [2]. The
development of sol-gel composites with piezoelectric charge constant (d33) is crucial for energy harvesting application.
In this investigation, PZT/PZT samples with different d33 constant powder phase material were fabricated to evaluate
piezoelectric ultrasonic performance.

Materials and Methods
Two types of PZT powders, namely HIZIRCO A(A) and
HIZIRCO L(L) were purchased from Hayashi Chemical In-
dustry Co., Ltd. The supplier provided PZT powders with
0.6 µm particle size specification. Table 1 shows the ma-
terial properties of each powder. The piezoelectric charge
constant (d33) values of A and L are high and low, re-
spectively, whereas there is no significant difference in the
electromechanical coupling coefficient k33. The piezoelec-
tric voltage constant (g33) values of L are higher than that
of A.

The two PZT powders were mixed in a laboratory-
made PZT sol-gel solution. After ball milling, the mixture
was sprayed onto titanium substrates with a thickness of
3mm, a length of 30mm, and a width of 30mm. Sub-
sequently, thermal treatments, drying process, and firing
process, were conducted at 150 degC using a hot plate and
at 650degC using an electrical furnace. The spray coat-
ing and thermal treatments were repeated until the film
reached the desired thickness. 50µm was the target thick-
ness in this time because of fabrication facility including
piezoelectric film fabrication and poling process. Au top
electrodes were fabricated by sputtering.

Table 1: Material properties of PZT raw
powders

Parametr HIZIRCO A HIZIRCO L
εr 5500 1800

TC (°C) 160 320
k33 (%) 70 70

d33 (pC/N) 660 400
g33 (×10−4

V·m/N) 136 251

Results
Tables 2 and 3 show the measured film properties. By
room temperature poling, d33 of the L/PZT film were the

higher than A/PZT, even though the d33 of A is higher
than that of L as shown in Table 1. By 200degC poling,
d33 of the A/PZT film became slightly higher than A/PZT
though it was much lower value than expectation from raw
material.

Table 2: Material properties of A/PZT
poled at RT and 200degC

Parametr RT 200°C
εr 910 990

d33 (pC/N) 32.5 46.8
g33 (×10−4 V·m/N) 40.3 53.4

Table 3: Material properties of L/PZT
poled at RT and 200degC

Parametr RT 200°C
εr 560 600

d33 (pC/N) 41.7 42.0
g33 (×10−4 V·m/N) 84.1 79.0

Conclusions
Relative dielectric constants of PZT/PZT films were suc-
cessfully controlled by PZT powder phase property. How-
ever, d33 control of the PZT/PZT film by PZT powder
property was difficult. It was suspected that electrical
field was not sufficiently applied to A powder phase dur-
ing the poling because relative dielectric constant of A was
much higher than that of sol-gel phase.
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Antibacterial properties of iodine-doped amorphous carbon films
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Introduction
Amorphous carbon thin films have unique properties such as high hardness, transparency, chemical inertness, and
biocompatibility. These unique properties are suitable for a hard coating film on mechanical tools, a wear-resistant
film on hard disks, transparency coating film on optical components and medical instruments and devices.

In the medical field, infections are particularly likely to occur due to the presence of sick patients and those with
weakened immune systems. Therefore, it is necessary to minimize infections caused by medical devices, known as
device-related infections. Furthermore, after the Covid-19 pandemic, the development of antibacterial materials has
become increasingly important, not only in the medical field but also in everyday use. It has been reported fluori-
nated amorphous carbon film, Ag-doped amorphous carbon film and Cu-doped amorphous carbon exhibit antibacterial
properties [1-4]. Iodine is known as having a strong bactericidal efficacy. Iodine has a broad antibacterial spectrum
and is effective against Gram-positive and Gram-negative bacteria, mycobacterium tuberculosis, spores, moulds, and
viruses. Additionally, iodine shows bactericidal effects by reacting with proteins on the bacterial surface and inacti-
vating bacteria due to its strong oxidising power and is thought to be different from ordinary drugs in that it does not
form resistance. In this work, we investigated the antibacterial properties of iodine-doped amorphous carbon nitride
(a-CNx:H) films.

Experimental
Films were deposited by RF plasma CVD with CH4 and
N2 gasses. After film deposition, iodine doping was car-
ried out in the vessel with Ar flow. The sample was placed
in the petri dish with the iodine solid, then this dish was
heated at 100°C. The antibacterial properties of sample
against S. cerevisiae were estimated by the disk diffusion
test and the survival test. In the disk diffusion test, sam-
ple is placed on the surface of the inoculated agar medium,
and the bacteria are incubated. If the sample is antimi-
crobial, a growth inhibition area (halo) is formed around
it. The antibacterial activity is assessed by measuring the
diameter of the halo, which corresponds to the area where
bacteria are unable to grow. The survival test, the same
method as reported by H. Wang et al. was used [4]. Sam-
ples were placed in wells of a plate, and 0.2 ml of bacterial
suspension was added to each well. The samples were im-
mersed in the suspensions for 2 hours at 37°C. Following
this, the samples were taken out and rinsed with 0.8 ml
of phosphate-buffered saline (PBS) to remove the bacteria
attached to them. The resulting mixture of bacterial sus-
pension and rinsed PBS was spread onto an agar medium
and then incubated at 37 °C for 48 hours [4]. The bacte-
ricidal activity was estimated by counting the number of
bacterial colonies on each agar medium.

Results
The results of disk diffusion test for the non-dope a-CNx:H
film (control sample) and iodine-doped a-CNx:H film with
a composition ratio of carbon and iodine (I/C) of 0.25 were
shown in Fig. 1(a) and (b), respectively. Iodine-doped film
has a growth inhibition area around the sample, while the
control sample has no halo area; therefore, these results
show that iodine-doped films have antibacterial capabil-
ity. Fig. 2 shows the relationship between diameter of the
inhibition area and the composition ratio of iodine to car-

bon. This result suggests that the antibacterial efficiency
may be determined by the iodine content in the films.

In the results of survival test, there was around 200
fungus colonies with control sample, while that was less
than 3 with iodine-doped sample (I/C=0.25), these results
showed the iodine-doped a-CNx:H films is one candidate
for antibacterial coating material.
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Introduction
The use of plasma technology in agriculture has been focus of much research in recent years. These studies constitute a
new research field called "plasma agriculture". Plasma can easily produce energetic and active particle species, which
can have effects quite different from those of ordinary chemical reactions. In the case of agricultural applications,
cost awareness is important, but generally the unit cost of atmospheric pressure plasma equipment is not very high
and, in the case of seed irradiation, the treatment time is very short in comparison to the cultivation time. Plasma
sources have often been studied using dielectric barrier discharges (DBD). However, DBD is expensive for large-scale
treatments and it is not easy to obtain large power consumption. On the other hand, gliding arc discharge (GAD)
is attractive for agricultural applications because GAD allow large power input and a low thermal stress at room
temperature. Low initial and running costs and ease of maintenance are important factors in agricultural applications.
Non-thermal equilibrium and non-steady-state properties are not a problem in seed treatment. We have previously
investigated changes in seed surface conditions induced by GAD plasma irradiation, such as changes in water repellency
and changes in seed water absorption properties. In the present study, seeds of pumpkin, radish (Raphanus sativus
var. sativus), kidney bean and komatsuna (Japanese mustard spinach) were treated with single-phase GAD with
several gas species, and the surface and cross-sectional conditions of the seeds were observed using a scanning electron
microscope (SEM) (HITACHI Miniscope TM4000), and elemental composition was analysed using EDS.

Experiment
Fig. 1 shows gliding arc discharge system used in this
study. Although the figure shows argon gas as the intro-
duced gas, 4 different gases were used in this study: argon
(Ar), argon (Ar) + oxygen (O2), carbon dioxide (CO2),
and nitrogen (N2). The seeds were placed on a rotating
sample holder to ensure uniformity of plasma irradiation.
Iron was used for the electrodes.

Fig. 7. Experimental setup for plasma irradiation
Total gas flow rates were maintained at 20 l/min for

all gases. The mixing ratio of Ar to O2 was 5:1. Three
different positions of the discharge electrode and sample
holder were used, and irradiation durations from 30 to
180 seconds were used. High-voltage probes and current
probes were used to monitor the discharge to ensure its
stability. Thermocouple thermometers were installed in
the seed holders to measure the temperature rise during
discharge.

Fig. 2 shows a cross-sectional SEM image of a pump-
kin seed treated at a position directly exposed to argon (20
l/min) plasma. The right side was the plasma-exposed
surface. 150 µm depth from the seed surface was ana-
lyzed for composition by EDS. Plasma irradiation caused
changes in the structure of the tissue. Water droplet con-
tact angles were measured, and it was confirmed that the
wettability of the irradiated surface was improved. Plasma
treatment reduced the contact angle of water droplets
from 10% to 15It was confirmed that the seeds became
hydrophilic.
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Introduction
Magnetic cores made of soft magnetic materials are an integral part of transformers, electric machines and power
electronic devices. Soft magnetic material properties, such as maximum induction, coercivity, permeability and specific
loss, determine the final properties of devices, including their efficiency. The article presents the production method
and properties of modern, commercially used soft magnetic materials, mainly in the context of their pro-ecological
advantages, as well as the environmental benefits resulting from their use as magnetic core materials of electrical
devices.

The basic magnetic materials used in electric machines are non-oriented and grain-oriented electrical steels. Non-
oriented steels, due to the isotropy of their properties, are mainly used in rotating machines (generators, motors).
Grain-oriented steels are characterized by the strong anisotropy of magnetic properties, resulting from the grains
arrangement in the rolling direction (the Goss texture). The electrical steels have very good magnetic properties, but
also some disadvantages (e.g. relatively high specific loss) that limit their use in high-frequency applications or in
power electronic devices. For many years, intensive material research has been conducted to improve the properties of
conventional magnetic materials and to develop materials with unique magnetic and mechanical properties. The results
of this research are new types of soft magnetic materials, such as amorphous and nanocrystalline alloys, high-silicon
electrical steels and soft magnetic composites.

Amorphous alloys
Amorphous alloys are magnetic materials that do not have
a crystalline structure but are characterized by a lack of
atoms order. This structure resembles glass, which is why
these materials are also called as metallic glasses. The
amorphous structure is obtained by rapid cooling the liq-
uid material. This process takes place at a speed of 104-
106 K/s, which allows the material to pass from the liquid
phase to the solid phase, omitting the crystallization pro-
cess.

Amorphous ribbons are characterized by lower values
of saturation induction and higher magnetostriction coeffi-
cient, compared to grain-oriented electrical steels. On the
other hand, the undoubted advantage of amorphous rib-
bons is their 3-4 times lower level of specific losses in rela-
tion to grain-oriented steel, which results from the high re-
sistivity and small thickness of amorphous ribbons. Mag-
netic properties of amorphous ribbons and GO steel are
compared in Fig. 1 [1-4].

Fig. 8. Hysteresis loops for amorphous ribbons and
GO steel [4]

Core losses of amorphous transformers are about 70-
80% lower than those of conventional units with GO steel
cores. taking into account the average lifetime of a trans-

former (30-35 years) and the continuous nature of its op-
eration, even a small improvement in its efficiency (as a
result of reducing core losses) can result in significant elec-
tricity savings. It is estimated that in the 6 most econom-
ically developed countries or regions of the world there are
over 83 million distribution transformers in operation, of
which nearly 3.6 million units are located in the European
Union (EU-25). Losses arising in the cores of these trans-
formers correspond to 33% of the total energy losses in the
power system, which is about 2% of the generated electric-
ity [5-7]. The operation of amorphous core transformers
can be also considered as a way to reduce the greenhouse
effect and related climate changes. The use of energy-
saving amorphous transformers can contribute directly to
the reduction of greenhouse gas emissions, as presented in
Table I.

Table 4: Annual potential reduction of greenhouse
gas emissions by application of AMDTs [4, 5-8]

Country
/region

CO2
million

tons

NOx
thous.
tons

SO2
thous.
tons

USA 601 / 352 110 260
EU-25 /
Europe 151 / 202 70 160

Japan 171 / 102 30 75
China 131 / 122 90 210
India 31 / 32 22 52

Australia 31 — —
Total 1111 / 802 322 757

1 Leonardo ENERGY (European Copper Institute)
2 US Environmental Protection Agency

Nanocrystalline alloys
Magnetic materials with a nanocrystalline structure are
obtained in the controlled crystallization process of amor-
phous ribbons. Amorphous ribbons are annealed at a tem-
perature higher than their primary crystallization temper-
ature, usually 500-570°C. As a result of this process, two-
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phase materials are obtained in which α-Fe(Si) grains are
placed in the residual amorphous matrix. The crystalline
phase covers about 70-80% of the total volume material.
The optimal size of the α-Fe(Si) grains, which determines
the best magnetic properties, is in the range from 10 nm to
15 nm. Nanocrystalline alloys have favourable magnetic
properties, including: coercivity HC lower than 1 A/m,
"near-zero" magnetostriction λS ≈ 1 ·10−7 and a very high
initial permeability µi = 100 · 103. Saturation induction
in nanocrystalline alloys ranges from relatively low values
BS = 1.2 T (Finemet) to high values BS = 1.5 − 1.8
T (Nanoperm) and 1.6 − 2.1 T (Hitperm). Nanocrys-
talline ribbons have very low energy losses in a wide fre-
quency range, which is related to their very small thickness
and high resistivity, as well as “near-zero” magnetostric-
tion. Magnetic properties of amorphous and nanocrys-
talline ribbons are compared in Fig. 2 [2, 4, 8-10].

Fig. 9. Hysteresis loops for nanocrystalline and
amorphous ribbons [4]

Nanocrystalline cores are often used in power trans-
formers operating in Switched Mode Power Supplies
(SMPS). The properties of nanocrystalline alloys, in
particular low loss and high saturation induction, allow
for a significant reduction in the size and weight of the
transformer, and thus the entire SMPS system. It is
estimated that transformers with Vitroperm cores may
be even 50% smaller than transformers with ferrite cores,
as depicted in Fig. 3.

Fig. 10. Ferrite and nanocrystalline cores for SMPS
systems [4]

High-silicon steels
The further reduction of magnetic losses in electrical steels
by increasing the silicon content has become possible
thanks to the Chemical Vapor Deposition process, devel-
oped in Japan by the JFE Steel Corporation. This pro-
cess enables the production of electrical steel with a sil-
icon content of approx. 6.5% on an industrial scale. In
the CVD process, non-oriented 3% Si steel is annealed
in SiCl4 atmosphere, which creates a high-silicon content
layer of Fe3Si on steel surface areas. Next the material is
reannealed in a pure hydrogen atmosphere, which causes
the diffusion of silicon atoms inside the material. As a
result, high-silicon steels with a microcrystalline structure
with grains of 0.1-10 µm are obtained. High-silicon steels,
due to the increased silicon content and microcrystalline
structure, have “near-zero” magnetostriction, saturation
induction of 1.84 T and low energy losses. Thus, these
steels combine the advantages of conventional electrical
steels (high saturation induction) and amorphous ribbons
(low losses). Magnetic properties of high-silicon and NO
steels are compared in Fig. 4 [4, 11-13].

Fig. 11. Hysteresis loops of high-silicon and con-
ventional steels [4]

Fig. 12. Noise level generated by a transformer cores [4]
Due to the specific properties, high-silicon steels are
mainly used for the production of packed cores for devices
operating at increased frequencies (power electronics) and
in devices with a reduced level of emitted noise. In the case
of transformer cores operating at increased frequency, the
use of high-silicon steels reduces the noise level by about
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10-25 dB, as depicted in Fig. 5.

Soft magnetic composites
Soft magnetic composites are materials that combine
favourable magnetic and mechanical properties, and thus
enabling miniaturization and tailoring of magnetic circuits
in electric machines. The main component of these materi-
als is magnetic powder, obtained by grinding magnetic ma-
terial in high-energy mills or by atomizing materials from
the liquid phase. The magnetic powder is doped with di-
electric binders (resins or polymers) and then formed into
a final magnetic circuit. Dielectric binders create an insu-
lating layer on powder grain surfaces. This layer isolates
grains from each other, which affects the material physical
properties. In addition, dielectric layers increase the resis-
tivity of magnetic composites, which limits the eddy cur-
rent flows and reduces magnetic losses, especially at higher
frequencies. However, an increase in the dielectric con-
tent of magnetic composites deteriorates their magnetic
properties (as depicted in Fig. 6), but at the same time
improves their mechanical properties [4, 14-17].

Fig. 13. Hysteresis loops of amorphous-based composite
materials [4]

The use of soft composites in electrical devices combined
with the appropriate design of their magnetic circuits al-
lows to significantly reduce the number of used parts, re-
duce the size and weight of the device, as well as reduce
manufacturing costs. The construction of a linear motor
stator made of electrical steels and magnetic composites
is depicted in Fig. 7. The stator made of electrical steels
consists of several hundred elements grouped into blocks,
while in the case of a magnetic composite the stator is
made of two identical elements [18].

Fig. 14. Construction of the linear motor: a) sta-
tor made of Fe-Si steels, b) stator made of
magnetic composite [4, 19]

The use of magnetic composites in electrical devices is also

important for ecological reasons. The production of mag-
netic composite cores is an almost waste-free technology.
In the case of composite materials, the cores are subjected
to mechanical grinding, which ensures simple segregation
and recycling of construction materials, while in the case
of Fe-Si steel cores, this process is complicated and expen-
sive [19].

Conclusions
New types of soft magnetic materials have favourable mag-
netic properties (such as high saturation induction, low
magnetic losses and “near-zero” magnetostriction) or a
unique combination of magnetic and mechanical proper-
ties. Their use in electrical machines and power electronic
systems allows for improving the efficiency of devices, re-
ducing their dimensions and total weight, as well as reduc-
ing the emitted noise. The benefits of using modern soft
magnetic materials also include ecological benefits (reduc-
tion of greenhouse gas emissions, noise reduction, easier
recycling of materials).
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Abstract
The article presents a mini-review of key factors significantly affecting the electrical properties of nanofluids. One-
step and two-step approaches, together with examples of vacuum sputtering-based techniques, chemical reduction, and
mechanical mixing techniques, were explained. The crucial factors enhancing the electric and dielectric responses, such
as nanofiller concentration, its type, geometry, uniformity of distribution in the base liquid as well as the base liquid’s
type, temperature, chemical stability, etc., were analyzed. Special attention was paid to the impact of the parameters on
electrical conductivity, permittivity, and dielectric losses. The selected models for nanofluid’s conductivity prediction
have been presented. The potential and implemented applications of nanofluids in the energy-related industry branches
with reference to their electrical properties have been reviewed. Examples of applications in power transformers, solar
cell production processes, nanoelectrofuel flow batteries, and other electrotechnologies have been analyzed.

Examples of impacts of mass fraction on
the electrical response of nanofluids
Among a wide spectrum of modern nanostructures, liq-
uid nanomaterials deserve special attention due to their
physicochemical properties, especially thermal, chemical,
and optical ones. Nanofluids (NFs) are considered col-
loidal suspensions containing nanoparticles (NPs) in a liq-
uid matrix, which is a base fluid (BF). NFs usually contain
nanoparticles of pure metals (i.e., Ag, Au, Ni) and metal
oxides (i.e., Fe3O4, CuO, Al2O3), silicon oxide, carbides
(SiC, WC, TiC), and carbon nanotubes and graphene of
various configurations as nanofillers. In many cases, wa-
ter, ethylene glycol (EG), oils (transformer, mineral, veg-
etable), and paraffin are used as the BFs. The example of
the Fe3O4-H2O magnetic NFs (Fig. 1b) and the impact
of gravity on the sedimentation of nanofiller as well as the
differences between mono and hybrid NFs (Fig. 1a) are
shown in Fig. 1.

Fig. 2a presents a crucial impact of the nanofiller and
temperature on the electrical conductivity of the EG-TiO2
NF, where A corresponds to the TiO2 powder with anatase
phase.

Fig. 15. a) gravity impact on NP sedimentation
and mono and hybrid NFs; b) Fe3O4-H2O
magnetic nanofluids with Fe3O4 ranging
from 0.2 wt.% to 1.0 wt.%

An increase in ϕv causes a further significant increase
in conductivity, showing a maximal enhancement at 45°C
of about 1300% (black labels). An increase in temperature
from 10°C to 45°C results in an increase in conductivity
of about 300%. Fig. 2b and 2c show the drastic impact of
the mass fraction on the electric permittivity and dielec-
tric loss factor, respectively. The permittivity increases
with a maximum enhancement of about 30%, and the di-
electric loss decreases gradually with a maximum drop of
50%.

Fig. 16. Impact of volume fraction on the electric
properties of NFs: a) conductivity of type
A NF, b) relative permittivity and c) di-
electric loss of CSO-based Al2O3 NFs
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Reflective lecture and piano concert
Modelling, Simulation and Music

performed by
Krzysztof Kluszczyński

The human mind’s ability to create models is the most fascinating feature of the brain. Throughout human history,
for many millennia, models have been formulated in linguistic way using words. Since the seventeenth century,
thanks to the invention of integral calculus by Gottfried Wilhelm Leibniz (1646-1716), models have been expressed in
mathematical terms using differential equations. Nowadays, many scientists are fascinated by artificial intelligence,
resulting in models that utilize neural networks, fuzzy sets, expert systems or genetic algorithms.

The most esentiale goal of the lecture and piano con-
cert will be to convince the audience that models can also
be described in the language of music and that in many
cases such models are better in representing, and illustrat-
ing reality than linguistic or mathematical models.

Musical models of various systems and physical phe-
nomena will be presented. These models will focus on
highlighting different operating states, behaviours and se-
lected features of the modeled technical objects, as well as

the simulated phenomena.
On the example of diferent pieces composed by famous

Polish, German and Hungarian artists living in different
eras: Fryderyk Chopin, Franz Liszt, Franz Burgmüller,
Roman Statkowski and Ignacy Jan Paderewski the music
models of selected mechanical systems e.g. a bell, elec-
trical systems having digital or analog nature, well as the
models of different types of natural atmospheric phenom-
ena e.g. a storm will be demonstrated on the grand piano.
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Visualization and Calibration Free Quantification of Two
Dimensional Sound Pressure Distribution with Optical Wave

Microphone CT Scanning
Than Nu Nu San1), Aung Myint Myat1), Si Thu Han1), Fumiaki Mitsugi1)

1)Kumamoto University

The optical wave microphone which uses Fraunhofer diffraction of a laser beam has become an innovative technique
in recent years. It shows promise for utilisation in a variety of acoustic domains where the use of conventional
microphones is restricted by high electric and/or magnetic fields. The present investigation utilised calibration free
quantification and computed tomography (CT) scanning with an optical wave microphone to visualise and measure
the two dimensional sound pressure distribution emitted by an ultrasonic oscillator operating at 40 kHz.

Introduction
In some industries, the use of conventional microphones
(dynamic and condenser types) is impracticable due to the
presence of strong electric, magnetic, and electromagnetic
fields. Conventional microphones can cause damage in a
strong electromagnetic field, and the sound field may be
automatically disrupted when the detector approaches the
target. Due to the characteristics of the diaphragm and
the multiple reflection of sound between the diaphragm
and targets, these microphones are limited in terms of
detectable frequency range and measurement precision.
Consequently, optical techniques for sound field analysis
become indispensable. Because the optical wave micro-
phone (OWM) depends on the far field effect of Fraun-
hofer diffraction between the probe laser and changes in
the refractive index b rought about by acoustic waves.
The interoperability of this approach with computed to-
mography (CT) has been investigated. In this study, an
OWM CT scan system without cali bration was used to
alter the distance between an ultrasonic oscillator and a
laser beam in order to observe and quantify changes in
the two dimensional distribution of sound pressure. By
means of comparison with the sound pressure distribution
measurement s derived from a condenser microphone, the
measurement results of the two dimensional sound pres-
sure distribution with the calibration free OWM CT scan
were clarified.

Principle of OWM with CT scanning
The experimental configuration of the fiber type optical
wave microphone CT scan system is illustrated in Fig. 1.
The system incorporates a fiber laser (637 nm, 7 mW,
1.5 mm in diameter), a lens (focal length = 7.93 mm),
a fiber (single mode, core diameter: 4.3 µm, length: 5
m), and a detector (Hamamatsu , S5935 01). The opti-
cal wave microphone’s output waveform is captured using
an oscilloscope (Tektronix, TBS2000B Series). The tar-
get, an ultrasonic oscillator (40 kHz, Murata, MA40S4S),
is driven by a function generator (GWInstek SFG 2004)

and is positi oned on two stages that move along the X
direction and Θ direction, respectively, both of which are
controlled by LabVIEW software. LabVIEW was used to
calculate and operate the entire system, which included
target movement control, OWM measurement, and data
reconstruction.

With projected data from many directions spanning
at least 180 degrees, the CT scan system developed for
this study was used to reconstruct a cross sectional image
of the acoustic field utilizing the projected data. In the re-
constructed image, sound pressure was quantified from the
amplitude of the signal voltage by employing the equation
(1).

∆p(x) = VAC(x)

VDC
kid(x)(µ0−1)

γp [e−u2−(u−Θ)2 −e−u2+(u+Θ)2 ] sin ωpt
(1)

Where, ∆p denotes sound pressure (Pa), d(x) represents
the inciden t distribution of sound waves, VDC denotes
the DC voltag e component of the signal, and VAC(x)
denotes the amplitude of the signal voltage. Therefore,
t he calibration free optical wave microphone CT scan
can facilitate the successful visualization of two dimen-
sional sound pressure distribution and quantify sound
pressures derived from this technique are found to be
in close agreement with those obtained from the con-
denser microphone across varying measurement distances.

Fig. 17. Experimental configuration of the optical wave
microphone computed tomography (CT) scan
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Estimation the direction of arrival sound source using optical wave
microphone and raspberry pi camera module

Htet Lin Aung1), Yuki Hori11), Fumiaki Mitsugi11)
1)Kumamoto University

The use of light that does not affect the sound field allows for the achievement of sound information even in areas
where microphone installation is difficult. The sensor part of the optical wave microphone is a laser beam, which
enables sound detection in a non-contact state. Photo diodes or other devices that can extract minute changes in
light are needed for detection. However, using numerous photodiodes at various positions presents a real-time sound
direction estimation challenge. So, a Raspberry Pi camera is installed on the observation plane to capture laser light
images. The difference between the laser light images with and without sound is accomplished to clarify where the
intensity distribution appears. As a result, the signal intensity distribution in relation to the direction of the sound
wave was confirmed, and the signal component due to weak diffracted light was successfully extracted.

Introduction
The direction of arrival sound (DOA) detection has poten-
tial applications in video conferencing, noise source track-
ing, and remote monitoring of abnormal sounds, high-
lighting its importance in modern technology. The op-
tical wave microphone uses laser light to convert sound
into an electrical signal through optical Fourier trans-
formation of weak diffraction light caused by sound-
induced phase modulation. The intensity distribution of
diffracted light was obtained by taking the difference be-
tween the results obtained when ultrasonic waves were ap-
plied and when no ultrasonic waves were applied. The in-
tensity distribution of the incoming and outgoing sound
waves will show a certain phase and these two types of
intensity distributions were always in opposite phases.
This indicates that the direction of incident sound waves
can be estimated from the intensity distribution even
when the direction of incident sound waves is unknown.

Fig. 18. Experimental setup

Principle of optical wave micropone
When the sound waves at (x0,y0) incident on a laser beam,
the sound causes a change in refractive index that will lead
to form weak phase modulation of light. This gives weak
diffracted light with a Doppler shift of the sound wave’s
frequency and form a Fourier transform image on the ob-
servation surface which was set at the Fraunhofer diffrac-
tion region back focal plane (xf , yf) of Fourier Lens. The
time-dependent component of intensity Iac is expressed by
the following equation,

Iac = I0∆Φ0

(
e−(u2+(u−θ)2) − e−(u2+(u+θ)2)

)
(2)

Fig. 19. Basic setup of an optical wave microphone
I0 is the intensity distribution of the incident laser light
and it is described by,

I0 = 2P0

πw2
f

e
−2

(
γf
wf

)2

(3)

Fig. 20. (a) Intensity Distribution (b) Variation of
diffraction image distribution with respect
to the direction of sound incidence
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Introduction
The modern technique called “Optical Wave Microphone (OWM)” technique, is based on a Fraunhofer diffraction effect
between sound wave and laser beam. The light diffraction technique is very useful to detect the acoustic wave without
disturbing the sound field unlike the conventional microphone. OWM can be also applied to realize the visualization of
acoustic sound field by computerized tomography (CT) method because the ultra-small modulation by the sound field
is integrated along the laser beam path. This method was very useful to perform the high accuracy measurement of
slight density change of atmosphere without disturbing electric and sound field. The phase distribution of ultrasonic
sound wave is measured by changing the distances between the laser beam and transducer within one wavelength
distance of that wave.

Introduction
Predicting sound sources in the electromagnetic field en-
vironments is a challenging task because reverberation
causes reflection and scattering of sound waves, making
it difficult to accurately determine the position of the
sound source and the electric field also disturbs the con-
ventional sensors in the strong field region. On the other
hand, sound source localization (SSL) is an important
technique with widespread applications in different sce-
narios such as detection of pipeline leakage, electric dis-
charge, laser ablation and auditory navigation for mo-
bile robots. The limitations of conventional microphones
such as their detectable frequency range and measurement
accuracy, attributable to diaphragm properties and the
multi-reflection of sound between the diaphragm and tar-
gets. Therefore, the modern measurement technique is de-
veloped and it is optical wave microphone (OWM). This
measurement system applies the acousto-optic effect, and
for the measurement of acoustic pressure, the refractive
index, and the environmental conditions such as tempera-
ture and atmospheric pressure are taken account. It gives
more exact sound information with the changes of the en-
vironmental temperature and the refractive index of the
environment in which that sound travels. This method can
work well even in the electric and magnetic field regions.
So, in this research, the computerized tomography (CT)
pressure and phase shift distribution, and sound source
localization are observed with one ultrasonic oscillator of
40 kHz and it can be estimated to investigate the distance
between the sound source and the laser beam.

Experimental setup

Fig. 21. Experimental setup of Optical Wave Mi-
crophone with CT scan

Principal of Optical Wave Microphone
The ultrasonic oscillator is rotated in X-Z axises. By ro-
tating and moving the oscillator like the above way, the
results in 8 × 8 matrix are obtained. In this way, the laser
beam is modulated by the sound waves and the voltage
signal is obtained. For, by measureing VAC , the sound
pressure level is calculated from the following equation:

∆p(x) = VAC(x)

VDC
kid(χ)(µ0−1)

γp [e−u2−(u−Θ)2 −e−u2+(u+Θ)2 ] sin ωpt
(4)

where ∆p= Sound Pressure (Pa), ki = 2π/λ = Laser
wavenumber, d(χ)= incident width of a sound wave, µ0
= refractive index, γ= specific heat ratio of air, p = at-
mospheric pressure, λ= wavelength of laser beam. When
the distance between the laser beam and transducer Z is
changed, the path difference is ∆d and the phase difference
is:

∆φ = ∆d
λ × 360 = ∆d

c fu × 360 (5)
where λ= the wavelength of sound wave, c = velocity of
sound, and fu is the frequency of ultrasonic wave. So,
according to the above equation, the signal of OWM is
shifting by a certain phase in degree with respect to the
change in distance ∆d . The reconstruction image for
the amplitude and phase distribution of complex acoustic
pressure can be obtained by inversely projecting the data
to X-Z coordinates, in which the filtered back-projection
method and Lamp filter function were used as the recon-
struction algorithm. The LabVIEW program is developed
for the phase shift measurement, and by applying the CT
scan, the phase shift distribution is achieved according to
the position of the sound source. Therefore, the results of
phase shift distribution and sound pressure measurements
can estimate the location of the sound source within one-
cycle wavelength.
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Synchronized Investigation of pressure wave influence on
atmospheric pressure plasma jet and plasma-induced liquid flow

using optical wave microphone and high-speed camera
Nway Htet Htet Myo, Thuzar Phyo Wai, Fumiaki Mitsugi

Kumamoto University

Plasma-target interaction in atmospheric pressure plasma jets plays a crucial role in biomedical applications,
particularly in the transport of reactive oxygen species. In this study, the author has been focused on the impact
of pressure wave which was degeneration of the shockwaves, originated from the local heating of the gas around
breakdown plasma between electrodes. A novel optical technique, the Optical Wave Microphone (OWM), which was
based on Fraunhofer diffraction, was used to detect pressures wave from helium plasma jet. A fibre-type OWM and
a high-speed camera were used to investigate the influence of pressure waves on plasma-induced flow and plasma
irradiation. The results indicated a strong correlation between pressure wave amplitude and the plasma plume as well
as the plasma-induced liquid flow.

Introduction
The schemdic diagram of experimental setup is shown
in Figure 1 and it is composed of an atmospheric pres-
sure plasma jet(APPJ) and optical wave microphone.
Also, potassium iodide (KI)-starch gel reagent was used
to visualize the ROS distribution pattern that are af-
fected by the pressure signal. Plasma plume and in-
duced flow were captured in synchrony using a high-
speed camera (Photron FASTCAM SA1.1) with frame
speeds of 5,000 fps and resolution of 512 × 384 pixels.

Fig. 22. Schematic diagram of experimental setup

Pressure wave impact on plasm plume
and plasma-induced flow
Figure 2. shows the synchronized observation of optical
wave microphone and plasma plume images of every 2 ms.
To examine the impact of the pressure wave, high-speed
camera images were analyzed simutaneously with the op-
tical wave microphone waveform.

As shown in Figure 2, when the amplitude of the pres-
sure waveform was low between 1000-1008 ms, the plasma
plume was directed straight at the target. However, with
a sharp increase in pressure wave intensity, from 1008-
1020 ms, the plume became unstable and curved to the
side. From this observation, it was shown that the pres-
sure strongly inluences the instability of the plasma plume.
The relationship between the pressure wave impact and
plasma-induced liquid flow was also examined. The re-
sults indicated that the flow did not originate directly

under the center of the plasma jet but rather where the
plume curved. From the above results, the influence of the
pressure wave should be considered one of the effects that
caused the plama-induced flow.

Fig. 23. Synchronized imaging of the plasma plume
using the optical wave microphone and
high-speed camera. Images are taken at
2 ms intervals
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Introduction
An Optical Wave Microphone (OWM) using a long-distance laser beam has been proposed as a security system for
long-range acoustic monitoring [1, 2]. The OWM detects sound by converting the weak diffracted light, caused by the
phase modulation of a laser beam induced by sound waves, into an electrical signal using a photodiode. This system
can detect sound directly via the laser beam, offering the advantage of a non-contact method, as there is no need to
place objects within the sound field. Additionally, the laser can be easily adjusted with a simple optical setup, allowing
for flexible installation. However, for its application as a security system, it is anticipated that a laser beam extending
over several tens of meters will be required. Therefore, in this study, an OWM with a laser beam extending over 30 m
was configured. Furthermore, by applying low-frequency ultrasound from multiple regions, we confirmed that sound
could be detected at any position within the sound field.

Principle of OWM
The theoretical model of the OWM is showed in Fig
1. When sound waves impinge on the laser beam, weak
diffracted light is generated. This diffracted light, along
with the transmitted light, passes through a lens used for
optical Fourier transformation and is then detected by a
photodiode. Additionally, the lens on the laser source side
is employed to adjust the laser beam diameter.

Fig. 24. Theorical model of OWM

Experimental Setup
Fig 2 shows a top view of the experimental setup. A vis-
ible light semiconductor laser is used as the laser source.
After sound is applied, the laser beam passes through an
optical Fourier transformation lens and is then adjusted
to the appropriate beam diameter for the detector using
lenses f1 and f2. The region between the laser source
and the Fourier transformation lens is where sound can
be detected, and in this experimental setup, this distance
exceeds 30 m. A 25 kHz low-frequency ultrasound el-
ement was used as the sound source. The position of
the sound source was varied and placed at distances of
0.5, 10, 20, and 30 m from the light source. Although
the rayleigh length of the laser is 19.3 m, regions be-
yond this distance were also examined. The signal ob-
served by the photodiode is amplified and filtered with a
high-pass filter by the pre-amplifier (Pre-Amp) before be-
ing converted to digital form by the audio interface (Au-

dio I/F) and then captured by the PC as audio signal.

Fig. 25. Experimental Setup (Top View)

Result and Discussion
As a result, sound was successfully detected at all applied
positions. When sound was applied from positions of 20 m
and 30 m, which exceed the rayleigh length, the laser beam
intersecting with the sound waves began to expand, but
there was no significant difference in sensitivity. In this
research, it was not possible to verify distances beyond 30
m due to excessive expansion of the laser beam diameter.
Future research will aim to configure an OWM with a laser
beam exceeding 30 m by adjusting the laser diameter us-
ing relay lenses. Additionally, in practical security system
applications, reflections by mirrors are expected, but they
were not included in this setup. Future work will require
validation in a setup that more closely resembles an actual
security system.
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Introduction
Today’s clinical environment have a variety of needs related to sound. Because the wearing of masks reduces the sound
pressure level[1] and for medical worker who often wear masks, the wearing of masks interferes with conversational
communication, there is a desire to develop tools to assist in conversation while wearing masks. In addition, attempts
are being made to record biological sounds. In addition, attempts are being made to record biological sounds. For
example, even in today’s medical care, where various technologies such as electrocardiograms have been developed for
screening for heart disease, listening to heart sounds is an important method for early detection of heart disease, as
heart listening is defines as listening to and interpreting heart sounds[2]. The stethoscope used for listening to the
heart sound has also expanded the scope of medical practice since 3M Littmann developed an electronic stethoscope in
1999, and in recent years, automated diagnostic techniques using heart sound measurement technology and machine
learning technology[3]. Have attracted much attention. However, current electric stethoscopes are hard and large, and
there is a need for electronic stethoscopes that are easier to use and allow for long-term monitoring. To meet these
needs, a wearable piezoelectric microphone that can be attached directly to the inside of a mask or to the skin was
developed.

Sample fabrication
The wearable piezoelectric microphone developed was fab-
ricated using the sol-gel composite method[4]. The sol-
gel composite method is a method of fabricating a piezo-
electric film by applying a mixture of a sol-gel solution
of a metallic compound and ceramic powder to a metal
substrate. The microphone developed in this study was
mixture of Pb(Zr,Ti)O3(PZT) sol-gel solution and PZT
powder, and a sol-gel composite of about 80µm was fabri-
cated on a 50µm stainless substrate. The piezoelectric
material fabricated in this way has a porous structure
and flexible, so it is not destroyed by large displacement
changes (FIG 1). This makes possible a flexible micro-
phone that can be attached inside a mask or on the skin.

Fig. 26. Piezoelectric microphone using sol-gel
composite method

Experiments and results
One adult male and one adult female performed the voice
recording test. The voice of “The North Wind and the
Sun” was recorded with a developed microphone and a ref-
erence throat microphone(NANZU ELECTRIC, E99179),
each connected to an IC recorder(Zoom, H5). The de-
veloped microphones were attached near the throat and
to the mask frame. As a result, the developed micro-
phone showed better speech recognition correctness rate
and PESQ value, an objective index of speech quality[5],
than the reference throat microphone. Next, biometric

sound recording experiments were conducted on nursing
practice models that imitated infants and adults. A devel-
oped microphone was connected to an IC recorder(Zoom,
F3), and the microphone was attached to the chest of the
model for recording. As a result, infant heart sounds and
adult lung sounds could be recorded. In addition, a swal-
lowing sound recording experiment was conducted on one
adult female subject. A developed microphone was con-
nected to an IC recorder, and the microphone was at-
tached to the subject’s throat to record swallowing sound
as the subject drank water. As a result, the swallowing
sound could be recorded.

Conclusion
A wearable piezoelectric microphone was developed using
sol-gel composite method. The results suggest the possi-
bility of various applications. Future plans include sim-
ulation for structural optimization and construction of a
wireless communication system.
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Introduction
Speaker warning systems using ultrasonic waves have been developed to prevent accidents on motorways. Conventional
manufacturing methods for such speakers are complex and costly, as they use multiple components such as piezoelectric
ceramics and metal plates. To address this, the sol-gel composite method[1], which can be applied to large areas and can
reduce fabrication costs, was considered. From previous research, it was found that sound pressure can be increased by
improving the performance of the piezoelectric film.[2] Pb(Zr,Ti)O3 (PZT) with a high piezoelectric constant d33 was
selected as the material.[3] In this experiment, changes in film thickness, dielectric constant, ultrasonic response and
frequency response of PZT-L/PZT(L/PZT) prepared by mixing PZT powder HIZIRCO L with PZT sol-gel solution
in mixing ratios of 100:0, 75:25 and 50:50 with particle sizes of 1.2 µm and 0.6 µm were investigated.

Sample fabrication
First, HIZIRCO L and PZT sol-gel solutions mixed in
three different mixing ratios were each mixed for 24 hours
by a ball mill machine. The mixed sol-gel composite so-
lution was sprayed onto a titanium substrate 3 mm thick,
30 mm long and 30 mm wide using an automatic sprayer.
Subsequently, drying was carried out for 5 min in the spray
device, followed by 10 min in a 150 °C baking furnace and
5 min in a 650 °C baking furnace. The process from spray
application to firing was repeated five times. Polling was
then carried out using positive corona discharge for 5 min.
The DC supply voltage used for poling was approximately
47 kV. The humidity during poling was kept below 20Fi-
nally, an upper electrode with a diameter of 6 mm was
produced by screen printing. Silver paste was used as the
electrode material.

Experimental method
Film thickness, relative permittivity εr, sensitivity of ul-
trasonic response and frequency response were used as
evaluation indices. Sensitivity was calculated using equa-
tion (1).

Sensitivity = −(20 log(V1/V2) + P/RGain) (6)

The reference amplitude V1 was set to 0.1 V and V2 to
Vp−p of the first reflected wave from the bottom of the
substrate.

Results
Table 1 shows the experimental results for each mixing
ratio. Averages are the means of three samples in each
condition. The 100:0 ratio has the highest average per-
mittivity, but the 75:25 mixture shows a more uniform
film thickness, with the highest centre frequency indicat-
ing the lowest film thickness. However, the sensitivity is
lowest due to impedance mismatch caused by the larger
electrode size.

Conclusion
This study used PZT powder HIZIRCO L with particle
sizes of 1.2 µm and 0.6 µm to create L/PZT mixtures
in ratios of 100:0, 75:25, and 50:50. The 75:25 mix ra-
tio showed the highest central frequency (fC) and stable
dielectric constant, indicating low porosity, but had low
sensitivity, likely due to impedance mismatch. Future re-
search will focus on optimizing electrode size and increas-
ing experimental cycles.

Tab. 27. Experimental results per mixing ratio (1.2
:0.6)

∆p(x) = VAC(x)

VDC
kid(χ)(µ0−1)

γp [e−u2−(u−Θ)2 −e−u2+(u+Θ)2 ] sin ωpt
(7)
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Introduction
Ultrasonic waves are widely used in non-destructive testing (NDT) in industrial fields. However, conventional trans-
ducers are unsuitable for high-temperature environments due to the need for backing and couplant materials. To
address this, we are developing sol-gel composite ultrasonic transducers that can be used in high-temperature en-
vironments [1]. These films have many pores that substitute for backing materials and can be directly attached to
measurement objects without couplant.

We are also studying on-site fabrication for direct attachment to large and immovable pipes in power plants, which
requires on-site polarization. Corona discharge polarization has been challenging in high-humidity environments (80

Sample fabrication
As the sol-gel composite, PZT(Pb(Zr,Ti)O3)) ceramic
powder and PZT sol-gel solution were mixed for 24
hours and sprayed onto 30mm×30mm×3mm titanium
substrates. The piezoelectric films were dried at room
temperature and 150degC for 5 minutes each. And then,
they were fired at 650degC for 5 minutes. This process
was repeated until the film thickness reached 50µm. Af-
ter the fabrication of the films, the PZT/PZT films were
poled with negative corona discharge. Polarization was
conducted under the following three conditions to verify
the feasibility of the proposed method using direct nitro-
gen spraying. The first was the conventional method, in
which the box was filled with nitrogen and the humid-
ity was kept around 20%. The second was the nitrogen
directly sprayed method in a low-humidity environment
(around 20% humidity). The third was the nitrogen di-
rectly sprayed method under high humidity (around 90%
humidity). The distance from the tip of the electrode nee-
dle to the surface of the PZT/PZT piezoelectric film was
fixed at approximately 3cm, and the DC power supply
voltage was approximately 40 kV. After poling, Ag paste
was attached to the surfaces of the films.

Experimental methods
The performance evaluation of the films polarized un-
der each condition was investigated regarding piezoelectric
constant (d33), ultrasonic reflected wave, and sensitivity.
The ultrasonic reflected wave was obtained to connect the
pulser/receiver, oscilloscope, and fabricated samples. The
sensitivity was calculated using the following equation.

Sensitivity = −20 log
(
V1

V2
+Gain

)
(8)

The reference amplitude V1 was set to 0.1V, and V2 was
set to VP −P of the first reflected wave from the bottom of
the substrate.

Results
The d33 of the films by Nitrogen spraying under 20% hu-
midity were large dispersion, however, some values of them
were as good as that by Nitrogen filling in a fixed space.
The d33 of the films by Nitrogen spraying around 90% hu-
midity was lower than that of the conventional method.
However, poling under high humidity was revealed to be

possible by this proposed method though negative corona
discharge was not available under high humidity in conven-
tional studies [2]. About the averages of each sensitivity,
the tendency was consistent with that of d33.

Fig. 28. The d33 results of 9 samples: The average
of the conventional method was 4.4pC/N,
that of Nitrogen spraying under 20% hu-
midity was 4.0pC/N, and that by Nitro-
gen spraying around 90% humidity was
3.7pC/N

Conclusion
In this study, we proposed the nitrogen directly spraying
method during corona discharge for on-site polarization.
It was found that the piezoelectricity by the proposed
method varied and was affected slightly by humidity. How-
ever, polarization at 80% or higher, which was impossible
with the conventional method, was successfully achieved.
Future experiments will be conducted with more samples
to accurately determine d33 and sensitivity variations.

as
∆p(x) = VAC(x)

VDC
kid(χ)(µ0−1)

γp [e−u2−(u−Θ)2 −e−u2+(u+Θ)2 ] sin ωpt
(9)
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The main power plant of modern transportation sys-
tems remains the internal combustion engine. These en-
gines are complex units designed for efficient, reliable, and
long-lasting operation, involving numerous diverse subsys-
tems that may be developed as electromechanical com-
plexes in the future. One of the most important subsys-
tems is the engine lubrication system.

Therefore, continuous monitoring of the oil condition
is essential to determine its suitability for use and to diag-
nose equipment wear. To ensure the longevity and reliable
starting of the engine, it is necessary to use oil that meets
the operational properties of its design (brand). It is es-
sential to investigate the oil’s viscosity at operating and
ambient temperatures. Standard methods for controlling
the composition and properties (viscosity) require routine
laboratory work (titration, using densitometric and visco-
metric methods, etc.).

Research on the electrical properties of liquids in elec-
tromagnetic fields of different frequencies allows for ob-
taining information about their composition and prop-
erties in non-laboratory conditions within a short time
frame.

Currently, the development of advanced methods for
the operational control of engine oil, which will later be
used in controlled electromechanical lubrication systems,

is relevant. The method is based on measuring changes in
the oil’s dielectric permittivity caused by contamination,
degradation, and wear of mechanisms. This method will
allow determining changes in oil properties caused by wa-
ter content, fuel contamination, oxidation, and the pres-
ence of metallic impurities.

The purpose of this research is to develop an electri-
cal method for the quantitative and qualitative analysis of
oil composition for engines. In this context, model liquids
of known composition and properties were studied for the
dependency of the electrical parameter (capacitance) on
the frequency of the electromagnetic field. Based on the
experimentally obtained patterns, a method for the opera-
tional control of the composition and properties of engine
oil (according to the known brand) is proposed.

Based on theoretical and practical research, a method
for the operational control of the composition of engine
oil is proposed, based on the dependency of electrical pa-
rameters on the signal frequency. This method allows
for the quantitative and qualitative assessment of con-
trolled components (or standard viscosity parameter) in
non-laboratory conditions in a short time (up to 2 sec-
onds) and ensures uninterrupted operation of the equip-
ment during its use.
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Introduction
The selection of an appropriate high-temperature superconducting (HTS) tape is crucial for the design of supercon-
ducting devices. This process requires consideration of not only the critical current value Ic, specified for self-field
measurements but also the comprehensive dependence of this current value on the external magnetic field and the
tape’s orientation [1]. Given the anisotropic properties of second-generation high-temperature superconducting materi-
als and the implementation of various forms of artificial pinning to mitigate these effects, precise angular characteristics
must be determined through laboratory measurements.

A comparative analysis of the angular dependence of critical currents Ic(B, θ) in 2G HTS tapes produced by
SuperPower has been presented and discussed in this study. To facilitate this comparison, studies were conducted
on three HTS tapes placed in a magnetic field with a low value of less than 500 mT . This analysis is relevant for
devices such as superconducting power cables and superconducting transformers, which typically operate in magnetic
fields of such magnitudes. The studies focused on three samples of tapes with different artificial pinning parameters,
which directly affected the angular dependence of the critical current. The specific samples analyzed were SCS4050,
SCS4050-AP, and SCS4050-AP-i. For the characterization of the current-angular dependence, a custom research
setup was used. This test bench used NdFe14 permanent magnets in a Halbach array configuration to generate a
homogeneous magnetic field on the surface of the HTS tape samples

Test Bench based on Halbach Array
The developed test setup represents a novel approach to
the characterization of HTS tapes. Unlike traditional se-
tups that utilize electromagnets [2], this system employs
permanent magnets to generate a homogeneous magnetic
field within the working area where the HTS sample is
placed. The inclusion of a worm gear allows for the ad-
justment of the orientation of the homogeneous magnetic
field relative to the tape surface.

Fig. 29. Cross-Section of the Test Setup Model
The concept of utilizing 3D printing technology for

constructing the setup was driven by the potential to en-
sure rapid prototyping and to verify the functionality of
the setup. Polylactic Acid (PLA) filament was used as
the primary material. The variation in the magnetic field

strength was achieved through interchangeable discs with
magnets arranged in Halbach arrays. These discs enabled
the generation of magnetic fields of 75 mT and 225 mT,
respectively.

Results
The presented results indicate the relative critical cur-
rent values as a function of the magnetic field and the
angle between the magnetic field lines and the tape.
Based on these results, a comprehensive characterization
of the selected HTS tapes was performed. The data
analysis facilitated a deeper understanding of the tapes’
performance under varying magnetic field orientations.

Fig. 30. Comparison of Relative Critical Current Values
for B=75 mT and B=225 mT for SCS4050,
SCS4050-AP, and SCS4050-AP-i Tapes
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Introduction
Three-phase gliding arc discharge plasma reactors are devices in which it is difficult to maintain stable plasma pa-
rameters. Plasma parameters are strongly influenced by the design of the power system. This paper examines the
interaction of a plasma reactor with an AC/DC/AC converter equipped with different transformer solutions to adapt
the output parameters to the requirements of the plasma reactor. A new design of matching transformer using a five-
limb core and integrating both the functions related to sustaining the discharge in the reactor, with appropriate power
supply parameters, and the functions related to the initiation of the discharge ignition are proposed. The research
indicates that the design of the transformers has a significant impact on the parameters of the generated plasma, the
performance characteristics of the plasma reactor and the stability of the discharge burning in the reactor.

Gliding arc plasma reactors
The problem of supplying power to gliding arc discharge
plasma reactors is to ensure optimum plasma generation
conditions, while ensuring good interaction with the power
grid and limiting the disturbances generated by the plasma
reactor. The main problem is the instability of the free arc
plasma burning in a three-electrode three-phase system
FIG 1. The plasma parameters of such an arc can change
rapidly and stochastically making them difficult to analyse
in terms of physical and chemical parameters. Further-
more, even small changes in the power supply, physical or
chemical parameters of the process gases lead to changes
in the burning conditions of the arc, which in turn induce
self-regulating reactions in the plasma that alter the arc
structure and its characteristics.

Fig. 31. Three-phase plasma reactor with gliding
arc discharge. (a) Overview drawing, (b)
one-ignition electrode system and (c) two-
ignition electrode system. WE—working
electrodes; IE—ignition electrodes

Power supply system
Apart from the design of the plasma reactor and the pa-
rameters of the plasma-generating gases, it is the power
supply system that plays a decisive role in shaping the
plasma parameters. These parameters can be influenced
by selecting the type, value and frequency of voltage and
the value of the arc current. The use of transistor con-
verters in the power supply enables these parameters to
be adjusted smoothly. A transformer that matches the
parameters of the power supply to the requirements of the
plasma reactor has a major influence on the operation of
the plasma reactor.

The simplest solution is to use single-phase matching
transformers. The disadvantage of the solution is the need
for an additional ignition system to initiate the discharge

in the rector. Another solution has been proposed in the
form of a three-phase five-limb matching transformer, in a
special design, integrating the ignition and discharge sus-
taining functions in a single device.

Fig. 32. Converter power supply with five-limb
transformer

Operating characteristics
The plasma reactor performance characteristics FIG 3 ob-
tained do not clearly indicate an improvement in the per-
formance of the generated plasma. These characteristics
are clearly different from those obtained by using single-
phase matching transformers.

Fig. 33. Arc power characteristics for gas volume
flow of 2.1 m3/h

By changing the design of matching transformers, i.e.
the type and material of the core, the shape of the wind-
ings, the way in which the windings are connected, the
plasma generated parameters and the stability of the elec-
tric arc can be influenced. In the case of the five-column
transformer, however, a significant improvement in the
operating conditions of the converter power supply was
achieved. This was mainly achieved by reducing the har-
monic content of the arc voltage and current and reducing
the overvoltage associated with the initiation of the dis-
charge ignition in the reactor.
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Introduction
This paper presents the influence of superconducting tape insulation on the recovery time of superconducting fault
current limiters. The analysis is based on experimental results of short-circuit tests. The reduction of the thermal and
dynamic effects of the passage of a fault current can be achieved by limiting the short-circuit time and the value of the
surge current. An ideal Fault Current Limiter is required to have almost zero impedance at operating currents and
significant impedance at fault conditions. A Superconducting Fault Current Limiter (SFCL) meets these requirements
under certain conditions. The recovery time – a very important parameter – shows the ability of the limiter to return
to the superconducting state to be ready to limit the subsequent short circuit. The experimental results show that
the recovery time can be significantly reduced with the application of thin-film insulation and an appropriate design
of the conduction cooling of the HTS tape.

The Concept of the Fast Recovery
SFCL

A limitation of both the short-circuit time and the value
of the maximum initial fault current reduces the ther-
mal and dynamic effects of the passage of a fault current.
The use of devices that limit the value of a fault current
can reduce the required short-circuit capacity of the en-
tire system. However, the chosen means of fault current
limitation must meet power quality standards. An ideal
fault current limiter would have substantial impedance
in fault conditions and zero impedance at operating cur-
rents. These requirements are met by a superconduct-
ing fault current limiter (SFCL). An increase in current
caused by the occurrence of a fault current causes the
super-conducting material to go from the superconducting
state to the resistive state. This increases the impedance
of the short-circuit loop, allowing the fault current value
to decrease [1]. A significant body of literature exists on
the study and improvement of the performance of different
types of short-circuit current limiters. Numerous papers
have addressed the topic of inductive-type fault current
limiters [2–6]. To enhance their performance and reduce
their size, a novel approach to saturated-core fault cur-
rent limiters has been proposed [7–9]. Resistive fault cur-
rent limiters are also employed for the rapid limitation
of short-circuit currents in HVDC transmission systems
[10]. To meet the demand for reclosing, fast recovery is
essential [11]. The concept of the fast recovery SFCL is
to involve the use of the anodised aluminium alloy to ac-
celerate the heat transfer from the HTS tape to the cold
mass. The aluminium alloy block, which ensures appro-
priate heat capacity and electrical resistance through a
thin layer achieved in the anodising process, can shorten
the recovery time. The idea behind the proposed solution
is to reduce the thermal resistance between the supercon-
ducting tape and the cold mass. This is so that, after
a short circuit, the temperature of the superconducting
tape reaches its pre-short-circuit value as quickly as pos-
sible. There are many insulating materials that can pro-
vide good insulating properties, but not all are suitable for
cryogenic temperatures. On the one hand, the insulation
thickness of superconducting tape has a positive effect on
the breakdown voltage; on the other hand, it increases the

thermal resistance. Using a single layer of insulation and
reducing the thickness improve the thermal conductivity
conditions. Constructing a superconducting fault current
limiter using very thin single-layer insulation can be tech-
nically very difficult. The superconducting tape may move
slightly during cooling due to the different expansion of the
materials used in the construction of the SFCL. Also, the
HTS tape may move during a short circuit as a result of
dynamic forces and a rapid temperature rise. Small dis-
placements of the superconducting tape can cause degra-
dation of the insulation and result in electrical breakdown.
The concept presented here uses durable but thin insula-
tion to provide good thermal conductivity between the
HTS tape and the aluminium blocks in order to ensure
adequate heat capacity. It also uses a second insulation to
provide the required breakdown voltage between the an-
odised sectioned aluminium blocks and the cold mass. The
aluminium anodising process ensures a durable insulating
film thickness in the order of micrometers. The thickness
of the obtained anode layer on aluminium depends on the
anodising time. A suitable insulation layer can, therefore,
be produced easily and accurately. Three sets of square
insulated aluminium profiles were prepared for measure-
ment purposes. The first set was insulated with double
polyamide tape, the second set was insulated with single
polyamide tape, and the third set was anodised to a coat-
ing thickness of 30 µm. The aluminium blocks insulated
in this way were placed on both sides of the HTS tape and
pressed with a force of approximately 500 N.

Measurement Setup
Sample blocks were made of 6060 aluminium alloy, an-
odised in the sulphuric acid process Type II to a thickness
of 30 µm. Anodising is a conversion coating that trans-
forms aluminium on the surface of components into alu-
minium oxide. The overall thickness of the coating formed
is 67 percent penetration in the substrate and 33 percent
growth over the original dimension of the part. For com-
parison, identical non-anodised blocks were prepared with
polyimide tape insulator were 50 and 100 µm in thickness.
The laboratory setup shown in Figure 1 consists of a sam-
ple holder, a power supply and a computer with software.
The sample holder is equipped with current terminals and
voltage terminals. The voltage clamps are located on the
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interior and allow the measurement of the voltage of the
HTS tape over a distance of 0.2 m.

Fig. 34. Laboratory test bench for recovery time

Measurement Results
The 2G SF4050 superconducting tape from SuperPower
was utilised in the measurements. This superconducting
tape is 4 mm in width and 50 µm in thickness. The tests
were performed for a temperature range of 300–430 K.
This range partly overlaps with the operating range of
the SFCL and is sufficient to compare the effect of super-
conductor insulation on the cooling rate. Figure 2 shows
a comparison of the temperature of the HTS tape dur-
ing a short-circuit test for three insulation thicknesses at
an electric field strength of 125 V/m for the HTS tape. A
short circuit lasts from 0 ms to 40 ms and at the beginning
of the short circuit, the characteristics coincide because
the current is limited equally for the polyimide insulation
and the anodised layer. During a short circuit, the tem-
perature of the HTS tape rises to 430 K when polyimide
insulation is used in both 50 µm and 100 µm thicknesses.
In contrast, if anodised aluminium is used, the maximum
temperature is lower and reaches approximately 410 K.

Fig. 35. A comparison of the temperature of HTS tape
during a short-circuit test at an electric field
strength of 125 V/m for HTS tape

Discussion
The anodised aluminium provides the fastest cooling of
the HTS tape following the termination of a short circuit.

A comparison of the temperature drop rate by 100 K, from
410 K to 310 K, for all cases reveals that for an insulation
thickness of 100 µm, the time required is approximately
400 ms, for an insulation thickness of 50 µm, it is 240
ms, while for an insulation thickness of 30 µm, it is only
170 ms. Furthermore, the initial 50 K drop takes only 25
ms for the aluminium with a 30 µm anodised layer, while
for the insulation of 50 µm and 100 µm, it takes 45 ms
and 90 ms, respectively. When dissipating heat from the
superconducting tape through the insulation to a com-
ponent with a much lower temperature, good contact is
also important. Even when employing a single-layer in-
sulation, two contact surfaces are present. In contrast,
anodised aluminium affords only a single contact surface.
The interface thermal resistance plays a key role in heat
conduction between two materials. This paper describes
the research carried out to improve an important parame-
ter of a superconducting fault current limiter. Tests were
carried out to reduce the recovery time of the supercon-
ducting fault current limiter to its rated operation. The
return of a superconducting tape to the superconducting
state after a short circuit is switched off depends on the
type and thickness of the used insulation. In order to
achieve this, insulation made of polyimide tape and a thin
layer of anodised aluminium were compared.

Conclusions
The use of the insulation proposed in this paper, i.e., a thin
layer of anodised aluminium, allowed the recovery time
of the superconducting fault current limiter to be greatly
reduced without adversely affecting the rate of tempera-
ture rise and the limiter’s performance during the limita-
tion of short-circuit current. The thickness of the anodic
layer produced on the aluminium surface can be appropri-
ately selected over a wide range, which is of great signifi-
cance in the design of an SFCL with a very short recovery
time. Based on these tests, a contact-cooled limiter will be
built and subjected to short-circuit testing in an accred-
ited short-circuit laboratory, as with previous designs.
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Introduction
Carbon nanotubes (CNTs) have significant medical applications due to their biocompatibility, derived from being made
of carbon. After proper functionalization, they can safely interact with the human body. CNTs can cross biological
barriers, making them effective drug delivery systems, transporting therapeutic agents directly to diseased tissues.
Initially used for cancer therapy and viral infections, their potential in immunotherapy and gene therapy has also been
demonstrated [1].

Cancer remains a major health threat, with 17.0 million new cases and 9.5 million deaths worldwide in 2018. By
2040, these figures are expected to rise to 27.5 million new cases and 16.3 million deaths annually [2]. The primary
challenge in cancer treatment is early detection, as late diagnoses often limit treatment options and increase the risk
of metastasis. Cancer can affect any organ or system.

A promising application of CNTs is their use in selectively destroying cancer cells. CNTs filled with ferromagnetic
materials can be directed to diseased cells, where they are externally heated via thermal ablation, causing targeted
cell death through increased temperature [3-4]. This method spares healthy tissues and is effective because proteins
coagulate at temperatures above 42°C, leading to cell death [5-6].

This study hypothesizes that ferromagnetic carbon nanotubes filled with iron can be used to hyperthermally destroy
cancer cells in a radiofrequency electromagnetic field. The paper details the synthesis of iron-filled multi-walled carbon
nanotubes (Fe-MWCNTs) and investigates their magnetic properties. Fe-MWCNTs were created using catalytic
chemical vapor deposition (CCVD). The nanoparticles were functionalized for biomedical applications, and their
magnetic properties were analyzed to assess heat generation efficiency when exposed to an external electromagnetic
field. The samples’ responses were measured over 45 minutes of exposure, showing a temperature increase proportional
to concentration. Laboratory results were compared with simulations conducted using COMSOL software. This study
aimed to explore the use of carbon nanomaterials in medicine, focusing on their properties, functionalization for
thermal ablation therapy, and the behavior of ferromagnetic nanocontainers in electromagnetic fields. This work
continues the research detailed in "Examination of the Effect of RF Field on Fe-MWCNTs and Their Application in
Medicine" [7].

Methodology
To evaluate the heating capabilities of Fe-MWCNTs, the
temperature increase of magnetic liquids was measured
after exposure to electromagnetic fields at five different
frequencies (110, 165, 330, 428, 650 kHz and 1 MHz).
The study aimed to compare the outcomes across vari-
ous concentrations and suspensions. Detailed descriptions
of the experiment and the setup can be found in the ref-
erenced papers [7-13]. The laboratory experiment results
were then compared with simulations of the heating phe-
nomenon conducted using COMSOL software.

Fig. 36. Bar graph of all measurements [own elaboration]

Conclusions
The results of this experiment provide valuable insights
that serve as a solid foundation for further research. One
objective is to develop an effective dispersion method to
continue studying the heating properties of the suspension

at specific concentrations and to initiate cell line testing.
During this phase, it will be essential to estimate the quan-
tity of nanocarriers required for effective cell destruction
and to determine the precise field parameters for the pro-
posed method. Successfully completing this phase is crit-
ical, paving the way for in vitro studies. This will involve
determining the amount and concentration of nanoparti-
cles in a biocompatible solution and defining the exposure
parameters to focus on the cellular response to the heating
medium.
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Introduction
Environmental protection in different areas of activity (energy saving, water saving, circular economy, reduction of
transport related pollutions) is a very hot topic in modern global community. It relates also to education at all
levels, including higher education. Especially in areas related to electrical engineering, electronics, mechatronics and
automation strong attention is paid for developing of systems with reduced influence on the natural environment.
Important target group which can require proper education in this matter is composed of people who are already
working, but changing their activity from heavy industry to high tech industry. Such trends are observed over the
world including some parts in Europe where heavy industry is successively replaced by modern industry of high
technology like robotics, automation, artificial intelligence, etc. [1].

As a response on described above problems and expectations new international initiative were undertaken within
Strategic Partnership Erasmus+ program. The initiative is a project to develop platform for retraining courses for
workers willing to re-educate from heavy industry (mostly fossil fuel mining industry) to modern industry based
on environmental friendly technologies like high efficiency power conversion, modern electrical drives and motors,
automation and robotics, control of industrial processes and condition monitoring and diagnosis of machines. The
paper is devoted to describe most important project goals and results and discuss influence of training process on
better understanding of environmental protection.

REMAKER project structure
Described in the paper platform and educational activi-
ties are part of an educational project REMAKER enti-
tled: “Retraining of Fossil Fuel Mining Area Workforce
for Modern Industry” [2]. The project has been imple-
mented by international team composed of four univer-
sities from Estonia, Poland, Germany and Czech Repub-
lic. The idea was to offer educational platform for self-
education for workers of heavy industry located mostly in
Estonia (oil shale industry) and Poland (mining industry).
The project was implemented within Erasmus+ Strate-
gic Partnership (KA2) frame for higher education sector.
Two types of activities were undertaken. The first one was
mentioned educational platform and the second one was
a set of study visit at factories and enterprises of mod-
ern industry in Germany and Czech Republic. The aim
of the project was to promote activities focused on high-
efficiency, low-cost technological solutions that minimize
energy and media consumption and are therefore friendly
to the natural environment.

Retraining course content
The training platform developed as result of the project
contains five educational modules: i) electrical drives, ii)
automation, iii) power electronics, iv) robotics and v) con-
dition monitoring of industrial systems. Each module con-
tains 6 to 8 lectures (lessons). Each lesson was composed
of video with a lecture, training materials (slides) and fi-
nal quiz to check achieving of expected knowledge. Each
module was considered as a separate training topic, so af-
ter completing all lessons of the module trainee received
a certificate confirming completion of the training. So
the platform is an universal, intuitive tool for self-training
with open access for everybody interested with increasing
their knowledge in areas of the course described above.

The interface of the platform (part) is presented in Fig. 1.

Fig. 37. Interface of REMAKER platform (part)

Project training activities
The second group of activities (apart developing of edu-
cational platform) was organization of study visits, dedi-
cated mostly for staff elaborating content of training plat-
form, in companies offering high quality industrial pro-
cesses. Participants visited e.g. Bosh Thermoelectric and
ABB in Germany and Skoda Electric in Czech Republic.
Visits were focused on expectations from newly employed
staff and training systems in companies. More detailed
description of study visits with details related to environ-
mental aspects and also more detailed description of train-
ing content will be included in the final paper. Discus-
sion about benefits from self-training and potential target
group of students will be discussed.
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Introduction
Current leads are part of superconducting electrical equipment. Current leads are part of a cryostat connecting
external devices operating at room temperature to devices operating at cryogenic temperatures. The warm end of the
current lead connected to the current source is at room temperature (TH = 293 K), the cold end of the current lead
connected to the superconducting device operates at cryogenic temperatures TL. Current leads can be made of both
non-superconducting and superconducting material, both HTS and LTS (Fig. 1). The paper presents the problem of
cooling current leads, which are the main elements of superconducting devices, and the aim of the paper is to present
a method for calculating contact-cooled copper current feedthroughs.

In superconducting devices, the power losses generated
in the current leads have a large portion of the thermal en-
ergy that the cooling system is designed to dissipate so as
to maintain the temperature of the superconducting de-
vice at a specified level. When the cooling power of the
cryocooler is too low, the heat flux entering the cryostat
through the current leads and the Joule heat generated in
the current leads by the current supplying the electrical
device can prevent the superconducting device from cool-
ing to the required operating temperature. Due to the
need to minimise resistance, current leads should have as
large a cross-section as possible. On the other hand, a
large heat flux flows through the large cross-section to the
inside of the cryostat by thermal conduction.

Fig. 38. Conduction-cooled current leads: a) hybrid
copper-HTS leads (cooled by a 2 stage cry-
ocooler), b) copper leads (cooled by a 1 stage
cryocooler)

Reducing the cross-sectional area of the current leads
reduces the heat input from the outside, but at the
same time increases the Joule losses in the current leads,
through which a large current flows. Copper current leads
may have a graduated cross-section, because as the tem-
perature of the pass decreases, the resistivity of copper
decreases and the cross-section can be reduced without
causing an increase in Joule losses but reducing the heat
flow along the current leads. Current leads adapted for
contact cooling operate in a vacuum, and heat is removed
from them by thermal conduction [1-2]. Power losses that
occur in current leads amount to about 30–50% of the to-
tal power losses in the cryostat. Reducing power losses in

current leads is crucial for reducing cooling costs and in-
creasing the stability of operation and minimizing the op-
erating costs of superconducting devices. Several methods
have been developed so far to optimize the cooling of cur-
rent feedthroughs cooled by gas vapors and using contact
cooling [3-10]. In this paper, the mathematical model of
conduction-cooled current leads for superconducting fault
current limiters will be presented.
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Introduction
Presentation will focus on the perspectives and poten-
tial benefits arising from my doctoral research, which
aims to apply machine learning methods to the analy-
sis of brain neural networks using electroencephalogra-
phy (EEG) data. The EEG studies will collect data on
participants brain activity, which will then be analyzed
to identify key biological features associated with anxi-
ety disorders. In the next stage, various machine learn-
ing algorithms will be applied to develop a classifier capa-
ble of effectively distinguishing individuals with diagnosed
anxiety disorders from healthy individuals. The study
will involve a group of 80-100 participants, divided into
a control group (healthy individuals) and an experimental
group (individuals suffering from anxiety). Participants
will perform cognitive load tasks, and their responses will
be recorded using EEG. The EEG data will then be ana-
lyzed using graph theory and statistical analysis to com-
pare EEG responses between individuals with high and
low levels of anxiety. After the experiment, participants
will be asked to assess their level of anxiety and subjec-
tive experiences during the task. The potential benefits
of these methods will be presented, including the possibil-
ity of developing new diagnostic tools and their integra-

tion into clinical practice. The presentation will focus on
the theoretical challenges and advantages associated with
the use of machine learning, such as improving the accu-
racy of anxiety disorder diagnosis, personalizing therapy,
and better understanding the neurobiological mechanisms
underlying mental disorders. Through the application of
graph theory and statistical analyses, these methods can
support innovative approaches to mental health monitor-
ing, which in the future may bring significant benefits to
both patients and healthcare professionals.
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Introduction
The paper presents the results of electromagnetic emission measurements of radiated disturbances for the following
basic components of the SINAMICS S120 system, namely:

• Sinamics Control Unit CU320-2 PIN, which is responsible for drive control and coordination, communication
and signal processing;

• Sinamics S120 Smart Line Module, which is responsible for supplying and managing the drive’s electrical power,
enabling precise motion control in industrial applications;

• Sinamics S120 Single Motor Module drive system module, which enables precise motor motion control, providing
high performance and flexibility in industrial applications. They are part of drive systems at the Laboratory of
Electrical Machines and Drives of the University College of Applied Sciences in Chelm. The test results were
related to the EMC Directive and the permissible limits in harmonized standards. The measurements showed
that the tested components meet the requirements related to EMC issues in terms of radiated emissions, with
their qualification to category C3.

Test stand and results
Electromagnetic compatibility requirements for drive sys-
tems are set out in EN IEC 61800-3 and apply to drive
systems used in residential, commercial and industrial en-
vironments [1, 3]. With regard to interference emissions
from drive systems, the standard distinguishes four cate-
gories (C1, C2, C3 and C4) [1].

Fig. 39. Result of measurement of radiated emissions
from components of the Sinamics S120 drive sys-
tem, when the motor is loaded with a torque of
7Nm, at a distance of 3 m

For example, category C3 equipment is characterised
by a rated input voltage of less than 1,000 V, is intended
for use in industrial locations and is not intended for use
in residential, commercial or industrial locations. The test
bench consists of a GTEM 1000 chamber from TESEQ

with a septum height of 1m, a TDEMI 1G spectrum anal-
yser from Gauss Instruments and software to automati-
cally control the analyser and collect data from individ-
ual measurement series [2, 4]. Selected results of radi-
ation emission measurements of Sinamics S120 drive sys-
tem components are shown in Figure 1. Radiated emission
studies were performed at 230 V over the full frequency
range from 30 MHz to 1 GHz, using a quasi-peak detec-
tor and a bandwidth of 120 kHz. In the first phase of
the study, background measurements were made with the
controller switched off. Then, with the device connected
to the power supply (running the controller without the
motor connected), at no load and under the conditions of
operating the drive system with a synchronous machine,
with different values of the motor load torque. Radiated
emissions from the modules are low and do not exceed ac-
ceptable limits in industrial areas. However, they exceed
the limits in residential, commercial or light industrial ar-
eas. The tests carried out confirm that the Siemens prod-
ucts tested are of high quality and meet acceptable EMC
requirements in category C3.
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Introduction
Electric machines are the most popular devices used in everyday life and the number of their types is increasing
with the development of science, engineering and technology [1]. This paper presents the structure of a compact
model of an induction motor supplied from a three-phase mains and associated with a magnetic converter. In the
converter, a frequency change from 50Hz to 150Hz is implemented while changing the number of phases from three
to two. This allows the speed of the motor to be increased three times that of a direct 50Hz mains supply. In the
model presented here, the connection arrangement of the frequency converter windings with the two-phase motor
winding was modified. In relation to the known connection arrangement [2, 3], two artificial neutral points were
created by connecting capacitors in a two-star arrangement. The two-phase motor windings were inserted between the
neutral points of the converter windings connected in a zigzag and the neutral points of the capacitor system. The
presented modification of the motor model makes it possible to reduce the contribution of the third harmonic to the
power source currents, to limit the reactive component of the source current and to obtain a voltage increase on the
two-phase winding, which ensures a smooth motor start-up.

Motor model characterisation
The basic element of the motor model is a magnetic

circuit made up of elements operating on the non-linear
part of the magnetisation characteristic, which allows the
magnetic flux to be deformed. In the magnetic circuit, four
groups of columns can be identified, each group forming
three columns, creating a system that generates the third
harmonic of the magnetic flux.

Fig. 40. Circuit diagram of a three-phase hybrid induc-
tion motor, A, B, C, D, E, F and G, H, I, J ,
K, L - windings of the first and second frequency
converter, respectively, I, II, ... XII - magnetic
circuits of frequency converter, WI , WII - coils
of two-phase winding, CIa, CIb, CIc and CIIa,
CIIb, CIIc - capacitors forming star connected
circuit

The windings located on the columns of the non-linear
part of the magnetic circuit are supplied from the three-
phase mains and form a system of two frequency convert-
ers. The windings of the frequency converters are con-
nected in a zigzag pattern (Fig. 1). The coils of the two-
phase winding are connected between the neutral points

of the frequency converter windings and the capacitor sys-
tem. The voltages between these points are shifted in
phase by 90º.

An example of a motor model characteristic showing
the variation of electromagnetic torque as a function of
speed is given in Figure 2.

Fig. 41. Mechanical characteristic of the motor model at
no-load
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Abstract
The article presents a numerical model of a superconducting transformer with HTS 2G SCS and SF windings, based
on PSpice software for the analysis of electrical circuits, which allows for the determination of equivalent parameters
and properties of such a transformer in the steady state and in emergency states. This model uses user-defined ABM
(Analogue Behavioural Modelling) computational blocks, the level two Jiles-Atherton magnetic hysteresis model and
Rhyner’s power law describing the E-J relationship of the HTS superconducting tape. This model was experimentally
verified by measurements of a real 10 kVA HTS transformer. On this basis, an extensive numerical model of a
superconducting transformer with a more complicated winding structure and a higher power of 21 MVA was developed.
For such a transformer, power losses were analysed and the time courses of resistance, current and temperature of
superconducting windings made of HTS 2G tapes of the SCS type with a copper stabiliser and SF without a stabiliser
were examined during emergency states, such as connecting the transformer to the network and operational short
circuit. A discussion was carried out on the effectiveness of using both types of HTS tapes to limit the current in
emergency situations posing a risk of loss of superconductivity and destruction of superconducting windings.

The article presents a numerical model of a two-
winding HTS superconducting transformer with a power
of 21 MVA and a voltage of 70/10.5 kV. For the construc-
tion of the transformer windings, it was proposed to use
superconducting tape of the SCS 12050 type (with a cop-
per stabiliser layer) and SF 12050 (without a stabiliser).
The circuit model of superconducting tapes developed in
the PSpice software environment includes a description of
the magnetic circuit using the second-level Jiles-Atherton
magnetic hysteresis model and Rhyner’s power law. A
properly designed and modelled superconducting trans-
former with appropriate electrical and thermal properties
can reduce currents during a fault. It can therefore suc-
cessfully fulfil its purpose.

The resistance of the transformer windings is respon-
sible for attenuating the transformer’s connection current
to the network and the short-circuit current. In the su-
perconducting state, this resistance is zero. It increases
rapidly when the winding goes into a resistive state, which
can happen when the turn-on or short-circuit current ex-
ceeds the critical value for the superconductor. During
the wave of this current, the winding can exit and return
to the superconducting state many times. This translates
into changes in other operating parameters, including e.g.
the decay time of the switching current of superconduct-
ing transformers, compared to conventional transformers.
The behavior of superconducting windings in emergency
situations is determined by the parameters of the super-
conducting material from which they are made.

Due to the fact that limiting short-circuit currents in
a superconducting transformer is based on the transition
of HTS tapes to the resistive state, the short-circuit reac-
tance of such a transformer can be designed at a very low
level. This is facilitated by the favourable insulating prop-
erties of liquid nitrogen, significantly better than those of
transformer oil. This allows for reducing the width of the
air gap between the primary and secondary windings and
thus reducing the dissipation flux, which in turn signifi-
cantly reduces the variability of the voltage supplied to
consumers.

It is possible to build a superconducting power trans-
former cooled with liquid nitrogen based on currently
available superconducting materials and technologies for
making structural elements. Taking into account the
losses occurring in the cryogenic cooling system, a high-
power superconducting transformer based on the second-
generation HTS superconducting tape will have higher ef-
ficiency than its conventional counterpart, and will also be
lighter, smaller, easier to transport and safe in operation.
The use of supercon-ducting transformers leads to min-
imisation of load losses in the transformer windings and,
as a result, to an increase in its energy efficiency.

In subsequent works, the authors plan to analyse the
model’s sensitivity to changes in input data, together with
the estimation of measurement errors, and to compare the
modelling results using the circuit method and the finite
element method.
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The novel method, which we call the “Optical Wave Microphone (OWM)” technique, is based on a Fraunhofer
diffraction effect between sound wave and laser beam. The light diffraction technique is very useful to detect the
acoustic wave without disturbing the sound field. OWM also can be used to realize the visualization of acoustic sound
field by computerized tomography (CT) method because the ultra-small modulation by the sound field is integrated
along the laser beam path. This method was very useful to perform the high accuracy measurement of slight density
change of atmosphere without disturbing electric and sound field.

Introduction
In the strong electromagnetic field, it can cause damage
to the conventional microphones and when the detector
is near to the target, the sound field is also disturbed
by itself. However, OWM is a probe beam technique to
measure the sound pressure level without the effect of an
electromagnetic field, and the relationship between beam
width and detectable frequency of photoacoustic waves is
taken into account. In this study, the ultrasonic oscilla-
tors with two frequencies: 40 kHz, 110kHz and 200kHz
are utilized as a sound source. The signal given by the
photodetector, that detected the diffracted laser from the
optical wave microphone, gives the phase shift value. By
changing the distance between the ultrasonic oscillators
and laser beam, there are some phase shift differences de-
pending on these distances.

Fig. 42. OWM setup coupled with CT method to detect
the ultrasound wave distribution

Principle of OWM coupled with CT
CT method can reconstruct a cross-sectional image of the
sound field using projected data from many directions of
at least 180 degrees. In Fig.2 , two-dimensional sound field
S(x0, z0) along the propagation direction of the y0 is the
subject area of our present research. The projected data

D(r, ψ) which is the detected signal can be written as the
next equation.

D(r, ψ) =
∫

L

S(x0, z = 0) ds (10)

where r− s coordinates are rotated by ψ from the x0 − z0
coordinates as shown in Fig.2. The reconstruction image
can be obtained by inversely projecting the data to x0 −z0
coordinates, in which the filtered back-projection method
and Lamp filter function were used as the reconstruction
algorithm. The LabVIEW program is developed for the
phase shift measurement, and by applying the CT scan,
the phase shift distribution is achieved according to the
position of the sound source. Therefore, the results of
phase shift distribution and sound pressure measurements
can estimate the location of the sound source.

Fig. 43. OWM setup coupled with CT method to detect
the ultrasound wave distribution
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Introduction
The article presents an analysis of the consumption of electricity in road lighting. Currently, the biggest trend is the
modernization of road lighting based on LED technology. This brings many financial and ecological benefits, but also
carries concerns about disruptions related to the disruption of the power grid. The study includes a lighting project
and indicates guidelines that should be taken into account when designing lighting. The topic of proper lighting of
pedestrian crossings was also raised.

Overview of existing road lighting
solutions
The aim of the article is to review existing road lighting
solutions, present the results of computer simulation of
various road situations, analysis of lens selection, height
of posts and their arrangement, and other parameters in-
fluencing the distribution of the photometric solid. The
results of a research survey conducted among users of mo-
tor vehicles traveling on Polish roads are included.

Fig. 1. A road illuminated by means of luminaires
with a sodium source is presented.

Fig. 44. A road illuminated by means of luminaires with
a sodium source

Fig. 2 presents the implementation of lighting on com-
posite poles with birch graphics illuminated by an internal
additional light source. Pabianice, Lewityn MOSIR.

Fig. 45. Implementation of lighting on composite poles
with birch graphics illuminated by an inter-
nal additional light source. Pabianice, Lewityn
MOSIR

Measuring planes at a pedestrian
crossing

Fig. 46. Visualization of measurement planes at a pedes-
trian crossing

Illuminance parameters are also used to assess the
lighting condition at pedestrian crossings. Thanks to the
availability of measurement tools (lux meters), using in-
tensity parameters allows determining values on planes
considered representative of the pedestrian crossing area.

Fig. 47. Measurement planes at a pedestrian crossing
Two planes can be distinguished at a pedestrian cross-

ing:
• vertical Ev - related to the illuminance on the pedes-

trian’s silhouette,
• horizontal Eh - related to the illuminance of the

roadway (lanes) and waiting areas.
The number of vertical planes passing through the axis

of the pedestrian crossing depends on the directions of ve-
hicle movement. The following parameters can be deter-
mined for each direction of vehicle movement:

• minimum vertical illuminance Evmin,
• maximum vertical illuminance Evmax,
• average vertical illuminance Evśr,
• uniformity of illuminance in the vertical plane

Evmin/Evśr,
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• parameter Evmin/Evmax defining the greatest dif-
ference in illuminance values in the vertical plane.

For the horizontal plane, related to the lighting of the
roadway on which the crossing is located and the waiting
zones, the following values can be determined:

• minimum horizontal illuminance Ehmin,

• maximum horizontal illuminance Ehmax,

• average horizontal illuminance Ehśr,

• uniformity of illuminance in the horizontal plane
Ehmin/Ehśr,

• parameter Ehmin/Ehmax defining the greatest dif-
ference in illuminance values in the horizontal plane.

Based on the illuminance values, it is not possible to
conclude about the possibility of noticing a pedestrian by a
driver of a motor vehicle approaching the crossing. The il-
luminance parameters do not answer the question of what
contrast is created between the luminance of the pedes-
trian’s silhouette and the luminance of the surroundings
in which the pedestrian is perceived. However, the use of
illuminance criteria allows for the verification of the as-
sumed design values and control of the lighting status of
existing lighting installations.

Results of the survey conducted among
drivers of motor vehicles
Due to the small number of studies in the field of road
lighting, road users, and the impact of lighting on safety
while driving, a survey was conducted among drivers of
motor vehicles. 100 people took part in the survey: 77%
of women and 23% of men, all with a driving license, aged
18 to 80.

Among the respondents were 48% of people who had
a driving license for 3 to 10 years, and another signifi-
cant group were people with a driving license for 10 to
20 years—30%. The respondents are everyday road users
in 67%. They travel by motor vehicle up to 4 hours,
which means commuting to work, shopping, short trips
outside the place of residence—this is how 97% of respon-
dents spend their time in the vehicle. This is a group of
young drivers up to 40 years of age who are not exposed
to presbyopia and reliably perceive visual stimuli of the
surrounding reality. Among the respondents, 75% of peo-
ple declared the importance of caring for the environment.
This favors the choice of LED technology, which reduces
CO2, mercury production, and other harmful substances
for the environment. Therefore, in connection with such
a group of survey participants, reliable conclusions can be
drawn and based on analysis.

Only 45% of road users prefer a light color of around
4000K, and 18% of respondents said the color of light is
indifferent. In question 6, which covered the problem of
switching off lighting in built-up areas, 74% of respon-
dents expressed the opinion that they do not see the need
for such a procedure. It is known that this is due to the
search for savings, but the safety of drivers and pedestri-
ans should be the priority.

Almost all respondents believe that road lighting has
a significant impact on pedestrian safety, and 78% an-
swered that pedestrian crossings are poorly marked or in-
adequately lit. Therefore, it is encouraged to build lighting
for pedestrian crossings and the area around the cross-
ing, entrusting the project to experienced engineers from
professional companies. It is worth entrusting lighting in-
vestments to people who have received education in this
matter—54% and 48% respectively stated that they have
often observed the effect of glare on roads or pedestrian
crossings. Such situations, in which a driver or pedestrian
is exposed to the risk of losing their health or life due to
reprehensible lighting, are unacceptable. Talks are under-
way with the government on introducing legal regulations
regarding the profession of a lighting designer. The skills
of a person designing lighting are burdened with a great
responsibility, of which many people are not aware. Ac-
cording to the Association of Rural Communes of the Re-
public of Poland and the Polish Association of the Lighting
Industry, "good, energy-efficient lighting of our communes
(cities) and counties is in our national interest and serves
to improve the perception of Poland in the international
arena". Respondents have a similar opinion, as many as
95% agreed with the statement that good, correct lighting
can be a city’s showcase. Such information should en-
courage city, commune, and road managers to modernize
lighting not only to be more energy-efficient and environ-
mentally friendly.

Conclusions

Designing road lighting is a skill burdened with responsi-
bility for the health and life of road users. In Poland, there
are no mandatory legal acts that would impose on light-
ing designers any parameters that they should follow when
selecting lighting devices and creating a project. Anyone
who watches a few instructional videos on the Internet can
become a lighting designer. On the other hand, based on
the author’s experience, office employees who are responsi-
ble for creating technical specifications for public procure-
ment related to road lighting or pedestrian crossing light-
ing do not have the technical knowledge and are not able
to independently create requirements for a given lighting
investment, let alone control its correctness. Many public
entities are obliged to trust contractors or independent in-
spectors to accept measurements after the investment task
is carried out.

On the other hand, we should ask ourselves whether
lighting modernization is becoming a necessity. Looking
at the economic aspect, road safety, user comfort - it cer-
tainly is. It is necessary to remember about appropriate
compensation of reactive power, so that the monthly pay-
ment for electricity is actually lower. Rising electricity
prices affect everyone, both commercial and private cus-
tomers, as well as local governments.

The survey analysis is a clear appeal to lighting man-
agers not to turn off road lighting at night and to look
at it from the perspective of maintaining the safety and
comfort of travelers.
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Introduction
Monitoring flight parameters is a very important research aspect, especially during training flights. Current pilot
training standards lead to a continuous effort to improve the level of safety. For many years, various types of recording
devices have been installed in aircraft to analyse aviation incidents. The European Aviation Safety Agency (EASA)
recommends the need to conduct research into monitoring flight parameters. Such actions lead to improved safety as
well as increased quality of training. In addition, there are also reports that the influence of high-frequency sounds may
impair cognitive abilities. Large-scale electronic avionics systems are considered to be the source of rapidly changing
fields. These fields are also propagated from external sources. Putting low-cost prototype measurement systems on
aircraft allows for data monitoring as a common way to improve safety. rtificial intelligence and neural networks
have great potential to perform detailed analyses concerning the recognition of aspects of flight parameters, such as:
acceleration, Euler angles and the electric component of the electromagnetic field (ERMS)

Method and materials
For two measurement systems were placed in the PZL 110
Koliber 150 aircraft - an interial measurement system with
9 degrees of freedom and an electromagnetic field. Indi-
cations from both systems were collected for the moment
the aircraft took off and landed. Measurements were made
under varying weather conditions with temperatures rang-
ing from 18 to 24 °C and wind velocities ranging from 5
to 29 Knots.

The data were used to train the developed a generative
artificial neural network model, on the basis of the results
of which typical time courses of acceleration values, Eu-
ler angles and electromagnetic field values were indicated
for time series covering the moment of aircraft takeoff and
landing. The presented solution can serve as a system for
detecting irregularities in timeseries of 3-axis acceleration
and Euler Angles and occurrences of electromagnetic field
outliers in the takeoff and landing procedure.

First, in order to create a larger dataset that will al-
low the generalized signal characteristics to be determined
later in the analysis, a generative artificial neural network
model based on the variational autoencoder (VAE) archi-
tecture was developed.

Aby przeanalizować występowanie wartości odstają-
cych w zgeneralizowanym szeregu czasowym dla danej
wartości, zastosowano metodę podobną do Piecewise Ag-
gregate Approximation (PAA). Podobnie jak w metodzie
PAA, redukcję wymiarowości przeprowadzono, dzieląc
oryginalny szereg czasowy X = (x1, . . . , xM ) na ramki o
równej wielkości X ′ = (x′

1, . . . , x
′
M ). Wymiar został zre-

dukowany z n do M przy użyciu równania (1).

Xi = M

n

n
M ·i∑

j= n
M (i−1)+1

xj (1) (11)

For each frame created, the median was determined,
as well as two intervals from the first quartile (Q1) to
the third quartile (Q3) and from the same interval will
increase by 1.5 the inter-quartile range (IQR). The sec-
ond interval is assumed to be the interval of acceptable

values, which means that values outside this interval are
counted as outliers. Figure 1 shows an example of deter-
mining the occurrence of outliers for an ERMS time series.

Fig. 48. Example of determining the occurrence of out-
liers for the ERMS , V/m time series

Table 5: Summary of values obtained for the
ERMS, V/m time series

Frame Q1-1.5IQR Q1 Q3 Q3+1.5IQR
1 0.081 0.24850 0.381546 1.466
2 0.135 0.33850 0.432120 1.723
3 0.044 0.27775 0.302223 1.341
4 0.039 0.25525 0.312880 0.960
5 0.100 0.22925 0.290102 2.093
6 0.084 0.23100 0.303155 1.283
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Overview of cold plasma and high temperature superconductors
application in medicine
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Introduction
Many modern electromagnetic technologies are used in medicine for the diagnosis, healing and rehabilitation of diseases.
The development of new methods is related to the progress in the area of basic, applied and developmental sciences.
It requires interdisciplinary research, ranging from medical, biological, chemical, physical, engineering and technical
sciences to social and economic sciences. The presentation overviews selected applications of cold plasma and high
temperature superconductivity phenomena that are already used in medicine, and indicates those applications that
have the greatest potential for their implementation in medical practice.

Plasma and Superconductivity
Phenomena for Medical Applications
The development of superconducting and plasma tech-
nologies dates back to the beginning of the 20th cen-
tury, when the phenomena on which they are based
were discovered and named. The main factor underly-
ing both phenomena is temperature. Plasma and super-
conductivity occupy opposing ranges on the thermody-
namic temperature scale (Figure 1). The phenomenon
of superconductivity is a combination of the magnetic
and electrical properties of a material (metals and al-
loys) manifested by the disappearance of electrical resis-
tance, accompanied by the forces of magnetic ordering.

Fig. 49. Thermodynamic scale of temperatures with
marked phenomena of plasma and superconduc-
tivity

A much larger part of the thermodynamic scale pre-
sented in Figure 1 is occupied by plasma, an ionized
gas with electrically conductive properties, whose parti-
cles such as electrons, ions and neutrals have energies be-
tween 0.05 eV and 104 eV. A distinction is made between
low-temperature plasma and high-temperature plasma.
For medical purposes, low-temperature plasma produced
at atmospheric pressure, commonly referred to as cold
plasma, is used.

Medical applications of cold plasma
The effects of cold plasma on living organisms include the
action of high-energy electrons that gain energy in an elec-
trical discharge field, ionised atoms and molecules, the ac-
tion of free radicals including oxygen, nitrogen (RONS),
UV radiation, hydrogen peroxide and ozone. Cold plasma
medical application includes:

- Sterilisation of human and animal tissues, blood and
surface wounds;

- Sterilisation of medical instruments and surgical
materials, especially those made of materials not
resistant to high temperatures;

- Treatment and healing in dentistry, dermatology,
cancer, skin wounds, diabetic foot, ulcers, erythe-
matous, oozing lesions;

- Covering implants, contact lenses, prostheses with
biocompatible surfaces;

- Tissue engineering - production of bioactive agents
and drugs, immobilisation of biological molecules,
modification of cell surfaces to control their be-
haviour, improvement of blood adhesion;

- Medical diagnostics - manufacture of polymer-based
sensors and amorphous thin films for medical anal-
ysis and biochemical analysis.

Medical applications of high temperature superconductors
The generation of a consistently strong and homogeneous
magnetic field over a large area is one of the most impor-
tant applications of superconductivity in medicine, which
include:

• Magnets with high magnetic inductions for applica-
tions:

- in radiotherapy (cyclotrons),
- isotope production,
- therapeutic beam delivery of protons and ions,
- magnetic resonance imaging (MRI).

MRI is currently the largest commercial application
of superconductivity. Superconducting magnets in
MRI make it possible to obtain high-quality diag-
nostic information as well as to discover the function
of biological systems and study biochemical pro-
cesses.

• SQUIDs (Superconducting Quantum Interference
Device) using the Josephson junction as ultra-
sensitive transducers of electromagnetic signals.
With these devices, significant advances are being
made in biological imaging and biochemical analy-
sis.
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Introduction
Until 2018, pulp drying in the Werbkowice Sugar Factory drying building was carried out in the two drying lines
installed, for which the heat source was the PS 10 drying oven with a thermal power of 11.6MW powered by hard
coal. The concept of cogeneration in the conditions of the Werbkowice Sugar Factory involved the use of waste heat
generated in the sugar production process instead of the existing heating system, where the primary fuel was hard coal.
The recovered thermal energy of the barometric circuit - 5.10MWh, the energy of the condensate circuit - 8.15MWh
and the energy of steam - 5.45 MWh was supplemented with thermal energy from the cogeneration system - 1.70
MWh. This enabled a total of 20.40 MWh of thermal energy to be generated, which was mainly used for the drying
of the pulp.

Combined heat and power (CHP) system
as part of the energy system of a sugar
factory
The cogeneration system installed at Cukrownia Wer-
bkowice is one of the heat sources used for pulp drying.
A cogeneration system is a system in which the energy
contained in the fuel (natural gas) is converted into elec-
trical and thermal energy. The basic structure of CHP sys-
tems includes: gas engine, generator and heat exchangers.
By using waste heat and heat from cogeneration, about
8 tonnes of dry pulp with a moisture content of 8% can
be obtained from (24-26) tonnes of wet pulp with a dry
matter content of about 30

Fig. 50. Block diagram of waste heat and CHP heat use
for pulp drying

The installed cogeneration system (Fig.2), powered by
natural gas, had the following technical parameters:

- rated electric power - 1,56MW,

- maximum thermal power - 1.56MW,

- working voltage - 400V,

- total efficiency of the system - 90.5

- gas consumption - 240m3/MW.

Fig. 51. View of a cogeneration system with an electri-
cal output of 1.5MW and a thermal output of
1.7MW

The thermal energy produced by the CHP system was
used during the campaign to dry the pulp, but also for
social purposes, heating the packing house and silos. The
electrical energy from the CHP system not only made up
the energy deficit, but also significantly reduced the en-
ergy consumption from the grid. In conclusion, it can be
said that the use of a CHP system increases the energy se-
curity of the plant, as its system can successfully operate
off-grid, i.e. it makes the company independent of electric-
ity suppliers. The use of the cogeneration system secures
the Sugar Plants with their own electric energy, not only
for the campaign period but also for a significant part of
the overhaul period. In addition, the system has a high
overall efficiency of over 90%. In turn, the reduction in
the use of hard coal as fuel significantly reduces emissions
of CO2, dust and SO2

References
[1] Pytka J., Budzyński P., Tomiło P., Michałowska J., Błaże-

jcza D., Gnapowski E., Pytka J., Gierczak K., Measure-
ment of aircraft ground roll distance during takeoff and
landing on a grass runway, Measurement, 2022.

[2] Michałowska J., Tomiło P., Measurement System of an
Electromagnetic Field for Aircrafts with the Use of Ma-
chine Learning Model, Metrology and Measurement Sys-
tem, 2024.

[3] Zhang C., Chen Y., Yin A., Qin Z., Zhang X., Zhang K.,
Jiang Z. L., An Improvement of PAA on Trend-Based Ap-
proximation for Time Series, Springer, 2018.

56



11th International Conference
Electromagnetic Devices and Processes
in Environment Protection Lublin 2024

[4] Kingma D. P., Welling M., An Introduction to Variational Autoencoders, Now Foundations and Trends, 2019.

57



11th International Conference
Electromagnetic Devices and Processes
in Environment Protection Lublin 2024

The influence of the type of plasma reactor power supply on the
possibility of regulating the discharge power in process gases

Michał Aftyka, Grzegorz Karol Komarzyniec
Lublin University of Technology, Department of Electrical Engineering end Superconducting Technologies,

Nadbystrzycka 38A, 20-618 Lublin, Poland

Introduction
So far, many different in terms of design and operating principles of arc plasma reactors and dedicated power supply
systems have been developed. None of the power supply designs are universal enough to be used to power any type
of plasma reactor, used in any plasma process. Many of the power supplies in use were developed with incorrect
assumptions made at the design stage. This is mainly related to the problems caused by powering a receiver that
is difficult to describe and analyze, such as an electric discharge. This article attempts to present the impact of the
power supply design on the ability to regulate the discharge power in various gases. The tests were performed for four
different power supply designs. This work will allow for the elimination of errors made at the design stage of a power
supply for powering a plasma reactor.

In the article
The problem of powering plasma reactors with electricity
comes down to providing the plasma parameters required
for the process involved, while ensuring good cooperation
with the power grid and limiting the interference gener-
ated by the plasma reactor. Figure 1 shows a three-phase
plasma reactor with sliding arc discharge.

Fig. 52. Plasma reactor
Three-phase sliding arc discharge plasma reactors are

devices in which it is difficult to maintain stable plasma
parameters, both in electrical and physicochemical terms.
The main cause of plasma instability is its source, which
is the free electric arc. Such an arc is an unstable dis-
charge that generates many electromagnetic disturbances,
voltage dips and surges, surges, noise and harmonic dis-
tortion. Such an arc, due to its heterogeneous structure,
both with respect to cross-section and along the axis, is
difficult to analyze in terms of physical and chemical pa-
rameters. In a free arc, even small changes in power pa-
rameters, physical or chemical parameters of process gases
lead to changes in arc burning conditions, which in turn
induces self-regulating reactions in the plasma that change
the structure of the arc and its characteristics.

The article deals with the cooperation of a plasma re-
actor with four types of power supply systems for electric-

ity. The tested power supplies differ in design mainly due
to the construction of transformers. One of the power sup-
plies is a transistor transformer equipped with a matching
transformer. The construction of power supplies signifi-
cantly affects the characteristics of the operation of the
plasma reactor and its cooperation with the power supply
system. The type of plasma gas used has a great influence
on the characteristics of the reactor operation and its co-
operation with the power supply system for electricity.

Regulation of plasma parameters comes down to reg-
ulation of electrical power supply parameters, regulation
of physical parameters of process gases and modification
of their chemical composition. Regulation of plasma pa-
rameters using electrical parameters is a complex, multi-
threaded and not fully understood problem. Shape of
plasma parameters is possible by choosing the voltage be-
tween DC and AC, choosing the power supply voltage fre-
quency, choosing the voltage and current values, choosing
the voltage shape, controlling the harmonic contents in
voltage and current. It should be remembered that the
power supply design itself affects the discharge parame-
ters. In the case of transformer power supplies, the type
of core material may be affected, and in three-phase cir-
cuits, the connection method may be affected.
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Abstract
The paper is devoted to the presentation of the information system for decision monitoring of objects. There is
described the problem of diagnostic monitoring automotive vehicles. Developed method of relational diagnostic mon-
itoring is based on certain models of cognitive maps. Computer system of decision monitoring is presented. There is
also presented realization of the work of System for Decision Monitoring Technical Objects State (SMDSOT) on the
example of diagnosing ignition system in automotive vehicles.
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INTRODUCTION 
The increasing share of renewable energy sources (RES), such as wind and solar power, is a key element of the ongoing 

energy transition in both Poland and Europe. RES play a significant role in reducing CO₂ emissions and increasing 

the proportion of clean energy in the energy mix, which is crucial for lowering the carbon footprint and achieving 

climate goals. However, the dynamic integration of renewable energy sources into existing power infrastructure poses 

a number of challenges related to maintaining the reliability of energy supply. 

RELIABILITY INDICATORS IN POWER SYSTEMS 
The SAIDI (System Average Interruption Duration 

Index) and SAIFI (System Average Interruption 

Frequency Index) indicators are widely used in assessing 

the reliability of power systems. In Poland, the values of 

these indicators are higher than in Western European 

countries such as Germany or Denmark [1]. For instance, 

in 2022, the SAIDI in Poland reached 123 minutes, 

compared to only 20 minutes in Germany. These 

differences result from varying levels of development in 

energy infrastructure and the degree of implementation 

of modern grid management technologies [2]. 

THE VARIABILITY OF RES AND ITS IMPACT ON 

GRID STABILITY 
Due to their variability, RES introduce significant 

unpredictability into power systems. The generation of 

electricity from wind or solar energy depends on weather 

conditions, which can lead to sudden fluctuations in 

energy supply [3]. In systems not adequately prepared for 

such changes, this can result in a higher frequency of 

outages and network overloads. In Poland—where the 

distribution and transmission infrastructure is still 

undergoing modernization—these issues are especially 

noticeable in regions with intensive renewable energy 

production [4], [5]. 

TECHNOLOGICAL SOLUTIONS FOR ENHANCING 

GRID RELIABILITY 
Improving the reliability of power grids requires 

substantial investment in advanced technological 

solutions, such as smart grid management systems that 

enable faster responses to fluctuations in energy 

production, as well as energy storage technologies [4]. 

Energy storage is essential for balancing periods of RES 

overproduction with times when demand exceeds current 

generation. In Germany and Denmark, the 

implementation of such solutions has already yielded 

positive results, as evidenced by their low SAIDI and 

SAIFI values [6]. 

THE NEED FOR INFRASTRUCTURE 

MODERNIZATION IN POLAND 
To meet the challenges posed by the growing share of 

RES, Poland must accelerate the modernization of its 

power networks. The expansion and upgrading of 

transmission infrastructure, along with investments in 

energy storage facilities, can significantly enhance the 

stability of energy supply, which is vital in light of 

increasing energy demands and decarbonization 

requirements [7]. 

FUTURE OUTLOOK AND STRATEGIC 

RECOMMENDATIONS 
Forecasts for the coming years indicate that Poland must 

continue to invest in the development of technologies and 

infrastructure to meet the demands of modern energy 

systems [4]. The implementation of these investments is 

necessary to ensure the stability of the power system 

amid the growing share of renewable energy sources, and 

to minimize the risk of failures and grid overloads. The 

deployment of smart monitoring systems, automation, 

and energy storage are among the key actions that can 

improve grid reliability indicators in Poland [4], [7]. 
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INTRODUCTION 
Outdated energy infrastructure disrupts the continuity of electricity supply, hindering economic innovation. 

Interruptions in energy supply lead to higher SAIDI and SAIFI reliability indices. Quality and reliability requirements 

have sparked interest in enclosed energy devices. Vacuum technology has played a crucial role in insulating electrical 

switchgear and extinguishing electric arcs for over four decades. However, the lack of real-time pressure monitoring 

systems for vacuum devices, especially enclosed disconnectors, limits their use as isolation switches. Potential 

insulation failure poses a risk to maintenance teams and can lead to unplanned outages, further degrading the quality 

of energy supply. This paper presents an innovative pressure monitoring system for vacuum interrupters, utilizing 

fiber Bragg gratings as a measurement sensor, enabling pressure measurement in the range of 20 Pa-5×10⁵ Pa. 

RESEARCH STANDS, MATERIALS, AND METHODS 
Pressure measurement in vacuum devices is one of the 

key elements determining their usability and ensuring 

appropriate isolation gaps during operation. The research 

team designed, constructed, and successfully tested a 

fiber optic sensor for measuring pressure in vacuum 

switching and distribution equipment, combining the 

advantages of fiber optic measurement and metal 

deformation. Figure 1 presents the experimental setup for 

evaluating the developed solution. 

 

Fig. 1. Diagram of a measuring station equipped with 

vacuum chamber intended for empirical tests of 

vacuum sensors: 1 – control panel,  

2 –transformer, 3 – capacitive divider,  

4 – removable vacuum chamber, 5 – tested 

measuring head, 6 – measuring circulation 

system, 7 – optical spectrum analyzer, 8 –light 

source with superluminescent diode, 9 – fiber 

optic measuring system, 10 – dosing valve,  

11 – pump set, 12 – vacuum meter,  

13 – vacuum system. 

Using a custom-designed experimental setup, the 

measurement capabilities of the developed sensor were 

tested (Figure 2). By performing measurements with an 

optical spectrum analyzer and a vacuum gauge, the 

optical power for specific pressure values was determined, 

which allowed for the determination of the pressure in the 

vacuum device using the developed sensor design. 

 

 

Fig. 2. Pressure-load-induced response of the 

measuring head examined with an optical 

spectrum analyzer: (a) measuring head with  

a stainless steel membrane; (b) measuring head 

with an INCOTEL 718 membrane. 

SUMMARY 
The upcoming research efforts are focused on the 

miniaturization of the sensor system and the selection of 

diaphragm material that allows operation over a wider 

pressure range. An important aspect of the planned work 

is also to increase the measurement sensitivity of the 

proposed system. 

a) 

b) 
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INTRODUCTION 
This study analyses the dynamics of forces in an intelligent Cheneau brace prototype, an advanced solution for 

treating idiopathic scoliosis. Traditionally, the static Cheneau brace is the primary method used to correct spinal 

deformities by exerting multi-point pressure on the patient’s torso. This research, part of a doctoral dissertation, 

focuses on data collected during clinical trials with a small patient group. The goal is to systematize these findings 

and develop guidelines for implementation in a decision-making system. 

MATERIALS AND METHODS 
The intelligent Cheneau brace is a portable system based 

on an STM32 microcontroller, designed to collect real-

time data on force values from sensors mounted within 

the orthosis. This setup aims to identify the optimal 

pressure levels to enhance the effectiveness of scoliosis 

treatment. A device with a measurement frequency of one 

per second was developed, utilizing custom-made thin-

film graphene sensors. These sensors are strategically 

placed in the same areas on all patients to ensure 

consistent data comparison. This approach helps identify 

where the highest pressure values occur and whether 

these high-force areas are consistent across different 

patients. The essence of the research is to determine the 

force distribution in specific areas across various patients, 

assess which sensors are most active during the day, and 

evaluate if these patterns are consistent among different 

individuals. Data collection occurs every second, with 

results averaged into optimal time samples for analysis. 

The study also explores how different times of day affect 

the pressure exerted by the brace on the torso and how 

various activities (e.g., sleeping, standing, sitting) 

influence these forces. Force patterns within the brace are 

determined by a self-learning algorithm, which is 

calibrated based on input from the physician. This 

system accounts for individual factors such as the type of 

scoliosis, degree of bone maturity, patient age, gender, 

spinal mobility, and pelvic rotation. The algorithm's 

output, which determines the degree of correction, is 

derived from the sensor readings within the brace. 

RESULTS AND DISCUSSION 
The collected data were analysed, focusing on the 

interaction between individual sensors in the spine and 

thorax areas. As the study involved a larger patient 

group, it was possible to compare force values across 

different individuals and activities throughout the day. 

This comparison, coupled with X-ray images taken 

during the treatment cycle, allowed for an assessment of 

how wearing the brace impacts the correction of spinal 

curvature. The study reveals that the analysis of a 

person’s skeletal system and the forces generated by the 

brace can optimize posture correction methods. Effective 

management of scoliosis therapy with orthopaedic braces 

requires a complex system that monitors, analyzes, and 

automatically adjusts the forces applied by the orthosis. 

Developing a self-learning algorithm to control these 

forces involves several key steps: data collection, analysis, 

adaptation to the individual patient’s needs, and 

continuous improvement based on therapy results. The 

rehabilitation brace operates as follows (Fig. 1.): pressure 

data are collected from sensors attached inside the 

orthosis and sent to a microcontroller. The data are then 

transmitted to a control device, where the required 

pressure forces needed to correct the spine’s position are 

calculated. This information is used to adjust the 

pressure in pneumatic cushions within the brace. The 

pressure in these cushions is dynamically regulated based 

on feedback from the sensors, ensuring that the forces are 

optimal for postural correction. 

Fig. 1. Schematic of the measurement system in an intelligent 

Cheneau brace 

To design effective brace control algorithms, regular tests 

were conducted on multiple patients over an extended 

period. The control algorithm considers several 

important parameters, including the patient’s age, degree 

of curvature (Cobb angle), fat volume, duration of 

orthosis wear, daily activity levels, and current sensor 
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readings. The algorithm is regularly updated based on 

the doctor’s feedback during periodic patient evaluations. 

The doctor assesses whether the current control plan is 

improving posture, ensuring patient comfort, and 

avoiding excessive correction that could cause pain. This 

iterative process refines the control algorithm for each 

patient, ultimately leading to a decision system that 

adjusts brace forces to provide the most effective postural 

correction, surpassing that of a static orthosis 

CONCLUSION 
The primary task of the Cheneau-type orthopaedic brace 

is to collect data on the pressure forces exerted by the 

rigid orthosis on the body. This data is used to determine 

the optimal pressure settings for the pneumatic cushions, 

controlled by a distributed decision-making system. 

Periodic X-ray images taken during the treatment process 

show significant improvements in spinal curvature, 

confirming the initial assumptions. The regular and 

precise use of the orthosis, with patients wearing the 

brace for up to 23 hours a day, achieves the desired 

therapeutic outcomes. X-ray images quantitatively show 

the reduction in Cobb angle throughout the treatment, 

correlating with measured forces and confirming the 

effectiveness of the therapy. This data is instrumental in 

developing a decision-making system incorporating 

neural and genetic algorithms to optimize scoliosis 

treatment outcomes. 
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