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Welcome Message
Dear Participants to ISEF'2013, the 16th International Symposium on Electromagnetic
Fields in Mechatronics, Electrical and Electronic Engineering
On behalf of the International Steering Committee and Organising Committee it
is our honour and great pleasure to extend to all of you, Authors, PhD Students,
th
Exhibitors, Participants and Sponsors, a warm and cordial welcome to the 16
edition of ISEF conferences in the wonderful city of UNESCO – Ohrid, Macedonia.
Originally, ISEF started in 1974 in Poland, the founding country of the
th
Conference, and is now established as a biennial event, coming to the 16 in the
series. During the 39 years long history, grace to its growing scientific reputation,
ISEF became a prestigious conference and gained prominent position in the
electrical and electronic engineering, and in particular, in electromagnetic
community. The ISEF conferences provide a unique opportunity for scientists,
researchers and engineers from all around the world, to discuss the state of the
art and the new developments in computation electromagnetics and
applications in numerous scientific areas.
The topics of ISEF conference have been continuously extended during its history and now cover a
wide spectrum of electromagnetic field problems, modelling, simulation, and application of
electromagnetic field, optimisation problems of electrical machines, transformers and specific
electromagnetic devices, coupled problems, testing and measurements. In this edition of ISEF, the
special emphasis has been put on the topic related to Bioelectromagnetics and Biomedical
problems – a new strategic area of a modern society. English is the working language for all
printed material, presentations and discussions.
Following the Opening Ceremony, at the Plenary session will be presented the Historical Keynote
Lecture devoted to the life and legacy of Nikola Tesla, after 70 years of his death. We are very
pleased to announce, on the first and the second conference day, two Plenary Invited Keynote
Lectures given by distinguished eminent specialists in the selected topics. We would like to
express our gratitude for their acceptance to give interesting lectures, and thus, make our
conference an attractive venue.
To the Conference Secretariat have been submitted 173 papers from 31 countries. For the
conference programme we have finally accepted 143 high quality papers, which are scheduled in
5 oral and 7 poster sessions. The total number of contributors associated with the accepted
papers is 330. All accepted papers are published in the e-Proceedings on USB holding an ISBN,
which will be delivered to all participants at the Registration desk before the conference.
We proudly announce valuable post-conference publications of a number of selected papers in
the prestigious journals and periodicals: International Journal for Computation and Mathematics
in Electrical and Electronic Engineering – COMPEL (Emerald Group), Sensors Journal, International
Journal of Applied Electromagnetics and Mechanics – IJAEM, Przeglad Elektrotechniczny (Electrical
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Review) and a special edition of Springer (Monograph in the series of 'Studies in Computational
Intelligence'). All presented papers at the conference, extended and/or improved if necessary, are
qualified to undergo the second peer review process, upon which the selection will be made.
PhD students and young researchers are our future. Our policy is, through their participation at
ISEF conferences, to promote their work and to benefit from their new and fresh ideas. Becoming
a tradition, at ISEF'2013 to a young researcher will be presented the COMPEL prize for the best
paper. For this edition of ISEF, two more prizes will be presented. The award of the Polish Society
of Applied Electromagnetism, for the best paper on biomedical applications of electromagnetic
field, which reveals the most innovative solution of a bioelectromagnetic problem. Przeglad
Elektrotechniczny (Electrical Review) prize, for the overall best paper, that presents the most
attractive application of electromagnetic field in electrical and electronic engineering.
Words of thanks are due to the Institutions, standing behind ISEF'2013 Conference: the Institute
of Mechantronics and Information systems (IMSI) of Lodz University of Technology, Poland, and
the Faculty for Electrical Engineering and Information Technologies (FEIT), of Ss. Cyril and
Methodius University, Skopje, Macedonia. We express our thanks to the Members of
International Steering Committee, 24 distinguished personalities from 16 countries and of
worldwide recognised competence, for their cooperation with this ISEF'2013 Conference. Our
special thanks go to the Session Chairs for their valuable contribution to the successful
organization of conference technical programme. The last, but not least, we are thankful to all the
Authors for their efforts in preparation and submission of high quality communications.
In addition to Technical Sessions, an exhibition of software and computer tools for computational
electromagnetics, including electrical machine design, analysis and simulation is organised. We
have also prepared an interesting networking and social program, including Welcome reception
and Gala dinner. Several optional cultural and sightseeing tours, in the beautiful surroundings of
Ohrid City and the Lake, are at your disposal. We do hope that you will enjoy your stay in Ohrid –
a pearl of Balkans, and leave with good memories of this venue.
With great honour and satisfaction, in the name of IMSI and FEIT, we invite you to participate fully
in the conference and sincerely hope you will find ISEF'2013 scientifically stimulating event with
fruitful discussions and interesting sessions, that you will make personal reputable new contacts
and keep going your established friendship.
Dear friends, let us work together to make ISEF'2013 a new success in the ISEF history!
With our best wishes,
Slawomir Wiak
Professor at IMSI, Lodz University of Technology, Poland
Chair of ISEF International Steering Committee
Lidija Petkovska
Professor at FEIT, Ss. Cyril and Methodius University, Skopje, Macedonia
Chair of ISEF'2013 Organising Committee
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Ss. Cyril and Methodius University - Skopje
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Faculty of Electrical Engineering and Information Technologies
Prof. Leonid Grčev, Member of the Acadamy
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ISEF’2013 Secretariat
Secretariat of ISEF’2013
Ss. Cyril and Methodius University
Faculty of Electrical Engineering and Information Technologies
Rugjer Bošković b.b.; P. O. Box 574
1000 Skopje, Republic of Macedonia
Phone: + 389 2 3099 143
Fax:
+ 389 2 3064 262
E-mail: isef2013@feit.ukim.edu.mk
http://isef2013.feit.ukim.edu.mk/index.html

Registration Desk
The Registration Desk will operate at:
Metropol Hotel, Main entrance hall, near the Reception Desk
Wednesday, 11. September

11.00 – 13.00
18.00 – 21.00

Thursday, 12. September

8.00 – 17.00

Friday, 13. September

8.00 – 17.00

Saturday, 14. September

8.00 – 10.00

Contact During the Conference
Registration Desk Phone Number: + 389 72 236 454
HRG Agency Help Desk
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CONFERENCE INFORMATION
Conference Topics
1. Field theory and advanced computations in electromagnetism
2. Electrical machines, transformers, actuators, micromachines
3. Electromagnetic components of mechatronics and microelectromecanical
systems (MEMS)
4. Coupled systems and special applications
5. Electromagnetism in materials (new materials, measurements, modeling,
computation)
6. Electromagnetic phenomena in electrical power systems
7. Optimization and computer aided design
8. Software methodology and visualization
9. Bioelectromagnetism and electromagnetic hazards
10. Equivalent circuit modeling of field problems
11. Nondestructive testing (methodology, measurement, diagnosis, testing)
12. Design and computation of specific electromagnetic devices
13. Electromagnetic compatibility
14. Application of artificial intelligence in vector fields calculation
15. Database and expert systems in the fields computation context
16. Electromagnetism in education
17. Artificial and computational intelligence
18. Noise and vibrations of electrical machines
19. Applications of electromagnetic field in biomedical engineering
20. Simulation and application of electromagnetic field in nanostructures
21. Electromagnetic modelling for personal and body area networks
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Conference Venue
The Conference will take place at Metropol Lake Resort near Ohrid.
Accommodation is provided in the hotels listed bellow.

Metropol Lake Resort
Hotel Metropol ****
Hotel Bellevue ****
Hotel Tourist ***

Metropol Lake Resort Layout
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Ground Level Plan of Metropol Hotel
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Conference Halls of Metropol Hotel

Oral Sessions

Samoil
Hall

Kaneo
Hall

Ohrid
Hall

Poster Sessions

8

Biljana Hall –

Main Conference room: Opening Ceremony, Closing Ceremony,
Keynote Lectures and Oral Sessions.

Labino Hall –

Exhibitors Hall and Poster Sessions.
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SESSION CHAIRS

Name of the Session

Chairs

OC

Opening Ceremony
Welcome Addresses

Slawomir Wiak, Poland
Lidija Petkovska, Macedonia

HP

Historical Paper

Slawomir Wiak, Poland

IL1

Invited Lecture 1

Slawomir Wiak, Poland

Session

OS1
OS2
PS1
PS2
IL2
OS3
PS3
PS4
OS4
IP
PS5
PS6

10

Design and Computation of
Specific Electromagnetic
Devices
Electrical Machines,
Transformers and Devices
Electrical Machines,
Transformers and Devices
Optimisation and Computer
Aided Design

Thursday, 12. September
11:30 – 13:00

Yoshihiro Kawase, Japan
Lidija Petkovska, Macedonia
Anouar Belahcen, Finland
Daniel Roger, France
Patrick Dular, Belgium
Yoshifumi Okamoto, Japan

Thursday, 12. September
14:30 – 15:45
Thursday, 12. September
15:45 – 17:00
Friday, 12. September
8:45 – 10:00
Friday, 12. September
10:00 – 10:30
Friday, 12. September
11:00 – 12:15

Aleksander Sieron, Poland

Bioelectromagnetics and
Biomedical Problems
Bioelectromagnetics and
Biomedical Problems

Andrzej Krawczyk, Poland
Masateru Ikehata, Japan

Electromagnetism in materials
Optimisation and Computer
Aided Design

Virgiliu Fireteanu, Romania
Ivo Dolezel, Czech Republic
Andrzej Demenko, Poland
Vesna Arnautovski-Toseva,
Macedonia

Design and Computation of
Specific Electromagnetic
Devices
Electromagnetic Phenomena in
Electrical Power Systems

OS5

Computational
Electromagnetics

PS7

Coupled Systems and Special
Applications

CC

Closing Ceremony

Thursday, 12. September
9:15 – 10:00
Thursday, 12. September
10:00 – 10:30
Thursday, 12. September
11:00 – 11:30

Jan Sykulski, UK
Adel Razek, France

Invited Lecture 2

Infolytica Presentation

Day, Date and Time

Slawomir Hausman, Poland

Bojan Stumberger, Slovenia
Goga Cvetkovski, Macedonia
Mladen Trlep, Slovenia
Jose Roger-Folsh, Spain
Ewa Napieralska – Juszczak,
France
Theodoros Tsiboukis, Greece
Antoni Ciesla, Poland
Mykhaylo Zagirnyak, Ukraine
Slawomir Wiak, Poland
Lidija Petkovska, Macedonia
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Friday, 12. September
12:15 – 13:30
Friday, 12. September
15:00 – 16:30
Friday, 12. September
17:00 – 17:30
Friday, 12. September
17:30 – 18:45
Saturday, 14. September
8:45 – 10:00
Saturday, 14. September
10:30 – 11:45
Saturday, 14. Sept.
11:45 – 13:00
Saturday, 14. Sept.
13:00 – 13:30

PLENARY SESSIONS
Invited Lectures
Invited Lecture 1 – IL1
Prof. Slawomir Tumanski: "Modern Magnetic Field Sensors – a Review"
Abstract - The paper presents a review on modern magnetic field sensors. After general remarks
describing performances of magnetic field sensors the most important sensors are presented. In all cases
the principle of operation, advantages and drawbacks and properties are discussed. Following sensors are
presented – induction sensors, fluxgate sensors, magnetoresistive sensors (AMR sensors, spin valve
sensors, magnetic tunnel junction sensors), Hall effect sensors, SQUID sensors, resonance sensors (NMR
resonance, ESR resonance, Overhauser resonance). Other sensors as giant magnetoimpedance sensors,
extraordinary MR sensors, magnetooptical sensors, MEMS sensor are also briefly described.

Invited Lecture 2 – IL2
Dr. Masateru Ikehata: "EMS Issue in Railway Systems: Evaluation of Biological Effects
and Trends of Regulation in Japan"
Abstract - Recently, the first national regulations of magnetic fields of power frequency were introduced
for power utility and railway fixed installations. These regulations were based on the guideline of the
International Commission on Non-Ionizing Radiation Protection (ICNIRP). This guideline was established to
prevent acute effect by exposure to MF, such as nerve stimulation. In addition, we are conducting studies
to evaluate biological effect by exposure to various MF to establish evidences for evaluating chronic health
risk. Static, 50Hz, several kHz and their combination were examined. Almost no effect was observed by
environmental level of magnet flux density except extremely small effects related to mutate genes were
observed by exposure to very strong static magnetic field. These data suggest that adverse effect of
environmental MF does not exist or extremely small to detect. Another point of view to evaluate the
effect of MF, human dosimetry by exposure to non-homogeneous magnetic field that is generated in
railway car have been studying. Numerical human models were applied to estimate induced
current/voltage within human body. Results suggest that allowance in basic restriction of ICNIRP guideline
will be 10 times (average) and 100 times (maximum) respectively. Future tasks and studies will be
discussed at the conference.
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Historical Paper
Historical Paper – HP
Lidija Petkovska, Andrzej Krawczyk, Slawomir Wiak
"Life and Legacy of Nikola Tesla" (70 Years After Tesla and His Inventions)
Abstract – In the paper we present a brief review of Nikola Tesla major inventions and the impact of his
th
genius mind to new technologies in 20 century, and beyond. Contemporary admirers of Nikola Tesla have
deemed him "The Man Who Invented the Twentieth Century" or "The Genius Who Lit the World". Others
claim that Tesla is "A Master of Lightning". The year 2013 is a milepost indicating 70 years after his death.
Tesla is regarded as one of the most important inventors in history. He is well known for his contributions
th
th
to the discipline of electricity and magnetism in the late 19 and early 20 century. It is said that more
than 700 patents are left in his humankind legacy. Nikola Tesla is the Man behind the magnetic field unit.
His inventions and theoretical work in rotating magnetic field form the basis of modern alternating current
electric power (AC) systems, including polyphase power distribution systems and AC motor, helping usher
in the Second Industrial Revolution. If we have to learn only one thing from Nikola Tesla, it should be that
our perceptions are limitless and that it is within our grasp to expand the powers of our mind beyond
anything that we have been heretofore told. Here is presented a survey of fundamental ideas and
inventions of Nikola Tesla that paved the path for development of electricity and magnetism after his time.

12

ISEF’2013 Conference Programme

CONFERENCE PROGRAMME
Thursday 12th September 2013
Opening Ceremony
Time: 9:15 – 10:00
Session Chairs: Lidija Petkovska and Slawomir Wiak
Historical Paper – HP
Time: 10:00 – 10:30
Session Chair: Slawomir Wiak
Petkovska L., Krawczyk A., Wiak S.: "Life and Legacy of Nikola Tesla"
(70 Years After Tesla and His Inventions)
Abstract – In the paper we present a brief review of Nikola Tesla major inventions and the impact of his
th
genius mind to new technologies in 20 century, and beyond. Contemporary admirers of Nikola Tesla have
deemed him "The Man Who Invented the Twentieth Century" or "The Genius Who Lit the World". Others
claim that Tesla is "A Master of Lightning". The year 2013 is a milepost indicating 70 years after his death.
Tesla is regarded as one of the most important inventors in history. He is well known for his contributions
th
th
to the discipline of electricity and magnetism in the late 19 and early 20 century. It is said that more
than 700 patents are left in his humankind legacy. Nikola Tesla is the Man behind the magnetic field unit.
His inventions and theoretical work in rotating magnetic field form the basis of modern alternating current
electric power (AC) systems, including polyphase power distribution systems and AC motor, helping usher
in the Second Industrial Revolution. If we have to learn only one thing from Nikola Tesla, it should be that
our perceptions are limitless and that it is within our grasp to expand the powers of our mind beyond
anything that we have been heretofore told. Here is presented a survey of fundamental ideas and
inventions of Nikola Tesla that paved the path for development of electricity and magnetism after his time.

Coffee Break
Time: 10:30 – 11:00
Invited Lecture 1 – IL1
Time: 11:00 – 11:30
Session Chair: Slawomir Wiak
Prof. Slawomir Tumanski: "Modern Magnetic Field Sensors – a Review"
Abstract - The paper presents a review on modern magnetic field sensors. After general remarks
describing performances of magnetic field sensors the most important sensors are presented. In all cases
the principle of operation, advantages and drawbacks and properties are discussed. Following sensors are
presented – induction sensors, fluxgate sensors, magnetoresistive sensors (AMR sensors, spin valve
sensors, magnetic tunnel junction sensors), Hall effect sensors, SQUID sensors, resonance sensors (NMR
resonance, ESR resonance, Overhauser resonance). Other sensors as giant magnetoimpedance sensors,
extraordinary MR sensors, magnetooptical sensors, MEMS sensor are also briefly described.
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Oral Session 1 – OS1
Design and Computation of Specific Electromagnetic Devices
Time: 11:30 – 13:00
Session Chairs: Jan Sykulski and Adel Razek
018

NUMERICAL ANALYSIS OF LEAKAGE FLUX OF DC-REACTOR USING 3-D FINITE ELEMENT METHOD
Kawase Y., Yamaguchi T., Hori S. , Hanaoka K., Kishida K., Morinaga K., Omori H.
Abstract - The leakage flux of a DC-reactor, which is covered by some structural objects, in
electrical trains are computed by the three-dimensional finite element method using a parallel
computing system. We clarified the effects of changing materials on the leakage flux.

038

MINIMIZING DESIGN CRITERION AND SENSITIVITY: A COST-EFFECTIVE EVOLUTIONARY
APPROACH WITH APPLICATION IN MECHATRONICS
Di Barba P., Savini A., Wiak S.
Abstract – Optimizing against sensitivity is a major issue in optimal design of electromagnetic
devices. In the paper, the optimal shape design problem with sensitivity is formulated in terms of
Paretian optimality, trading off design criterion and sensitivity with respect to large-scale
variations in the design space; a cost-effective evaluation of sensitivity, based on evolutionary
computing, is proposed. The design optimization of a magnetic MEMS is considered as the case
study.

040

MAGNETIC-GEARED MOTORS WITH HIGH TRANSMISSION TORQUE DENSITY
Niguchi N., Hirata K.
Abstract – Magnetic-geared motors are a type of low-speed, high-torque motor. This paper
proposes two types of novel magnetic-geared motors which have a higher torque density than the
early magnetic-geared motors. The concept and operational principle of the proposed magneticgeared motors are described, and the maximum transmission torque and torque constant are
computed by using finite element analysis. Finally, the output power of the proposed magneticgeared motors are compared with that of the early magnetic-geared motor using arbitrary N-T
curves as an evaluation tool.

087

ANALYSIS OF THE EFFECTS OF MAGNETIZATION PATTERN ON SLOTLESS LINEAR TUBULAR
ACTUATORS
Eckert P. R., Claiton-Goltz E., Ferreira- Flores-Filho A.
Abstract – This paper proposes an analysis of the effects of the segmentation followed by parallel
magnetization of ring-shaped NdFeB permanent magnets employed by slotless tubular linear
actuators. The main purpose of the work is to evaluate analytically and by means of 3D FEA the
effects of that segmentation on the performance of the actuator and present a general overview
of the influence of parallel magnetization varying the number of segments and comparing it with
ideal homopolar radially magnetized rings. A prototype with 8 segments was built, its flux
distribution and axial force measured and compared with models.

14
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3D ELECTROMAGNETIC SIMULATION OF A 4-POLE TYPE YOKE HYBRID ELECTROMAGNET
Ertugrul H.F., Okur B., Uvet H., Erkan K.
Abstract – The objective of this paper is to analyze a 4-pole hybrid magnetic levitation system by
using 3D finite element and analytical methods. The magnetostatic analysis of the system is carried
out by using ANSYS MAXWELL-3D package. An analytical model is derived by magnetic equivalent
circuit (MEC) method. The purpose of magnetostatic analysis is to determine the characteristics of
attractive force and rotational torques by the change of air gap clearances, inclination angles and
current excitations. The comparison between 3D finite element analysis and analytical results are
presented at the rest of the paper.

146

ANALYSYS OF THE ELECTROMAGNETIC CURRENT-TO-VOLTAGE TRANSDUCER WITH COILS ON
DIELECTRIC CORE DESIGNED AND MANUFACTURED IN A MULTILAYERED PRINTED CIRCUIT
BOARD TECHNOLOGY
Lesniewska E.
Abstract – In this paper, the operation of new generation electromagnetic current-to-voltage
transducer is considered. The 3D analysis of magnetic field distribution was performed for
different type of current-to-voltage transducer. The magnetic field distributions and the induced
secondary voltage for several different cases were presented. Computational results were
compared with test results.

Lunch
Time: 13:00 – 14:30

Oral Session 2 – OS2
Electrical Machines, Transformers and Devices
Time: 14:30 – 15:45
Session Chairs: Yoshihiro Kawase and Lidija Petkovska
015

COMBINED FE AND PARTICLE SWARM ALGORITHM FOR OPTIMIZATION OF HIGH SPEED PM
SYNCHRONOUS MACHINE
Belahcen A., Martin F., Zaim M. E., Dlala E., Kolondzovski Z.
Abstract – This paper presents the application of the particle swarm algorithm for the optimization
of the stator of a high-speed permanent magnet synchronous machine. The aim of the work was to
maximize the shaft power and the power factor and minimize the power losses and the bending
stresses on the stator teeth. For the computation of the objective functions, in house, 2D timestepping finite element software and an a posteriori vector hysteresis model were used. The
algorithm is found to be well suited and stable. The results are in good agreement with the stateof-art in the design of electrical machines.
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041

EVALUATION OF MAGNITUDE- AND PHASE-CORRECT UNIT-FORCE TRANSFER FUNCTIONS FOR
THE STRUCTURAL DESCRIPTION OF ELECTRICAL MACHINES
Schroder M., Franck D., Hameyer K.
Abstract – The structural dynamic simulation of electrical machines is an appropriate tool to
improve electrical machines in an early design stage, in consideration of their acoustic and
vibration properties. In order to reduce the calculation effort, a time efficient method is desirable.
Unit-force transfer functions describe the linear behavior of the structure when it is excited with
unit-force waves in the machine’s air gap. In this paper, magnitude- and phase-correct transfer
functions are simulated numerically for an exemplary machine and then verified by
measurements. With those transfer functions, the structural response of the machine can be
calculated fast for different operating points.

046

A NEW ANALYTICAL APPROACH TO DETERMINE SLOTTING BASED EDDY CURRENT LOSSES IN
PERMANENT MAGNETS OF PMSM TAKING INTO ACCOUNT AXIAL AND CIRCUMFERENTIAL
SEGMENTATION
Bode C., Canders W.-R., Henke M.
Abstract – An analytical approach to calculate eddy current losses in PM caused by slotting
harmonics of PMSM is presented. The eddy current reaction field is taken into account as well as
axial and circumferential segmentation of the magnets. The analytical model provides results
comparable to 3D-FEM calculations even at high frequencies at reduced computation costs.

229

COGGING TORQUE MINIMISATION OF PM SYNCHRONOUS MOTOR USING GENETIC ALGORITHM
Cvetkovski G., Petkovska L.
Abstract – The minimisation of the torque ripple in permanent magnet synchronous motors
(PMSM) is generally achieved by a special motor design which in the design process involves a
variation of many geometrical motor parameters. In this paper a new approach is introduced
where genetic algorithm is used as an optimisation tool where the maximum value of the cogging
torque is used as an objective function. Therefore a proper mathematical presentation of the
cogging torque for the analysed synchronous motor is developed. Finally the initial motor and the
optimised motor model are modelled in FEMM software which is based on finite element method.
The cogging torque is analytically and numerically calculated and the results for both models are
presented.

276

CHARACTERISTICS OF INTERIOR PERMANENT MAGNET SYNCHRONOUS MOTOR DESIGNED FOR
ELECTRIC BOAT PROPULSION
Stumberger B., Hren G., Hadziselimovic M.
Abstract – The presented work describes a design of interior permanent magnet synchronous
motor which is designed for electric boat propulsion. Electric motor for electric boat propulsion
should exhibit low weight and high torque to volume ratio. Consequently, the interior permanent
magnet synchronous machine with similar torque density as a permanent magnet synchronous
motor with surface mounted Nd-Fe-B magnets was designed in order to avoid possible difficulties
during gluing of permanent magnet segments on the rotor surface.

16
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Poster Session 1 – PS1
Electrical Machines, Transformers and Devices
Time: 15:45 – 17:00
Session Chairs: Anouar Belahcen and Daniel Roger
002

ALTERNATIVE APPROACH TO CALCULATE SLOTTING EFFECTS IN SURFACE MOUNTED PMMACHINES USING A COMBINED FE-BASED ANALYTICAL MODEL − PART I
Hulsmann D.
Abstract – The paper deals with slotting effects in surface mounted PM-machines concerning their
time-efficient and accurate calculation. Compared to complex analytical approaches, a mixed
model, composed of both, a quite simple FE- and a common analytical sub-domain model, was
developed. The influence of the slot opening on the magnetic air-gap field of such machines was
treated separately by solving a parameterizable FE-model. Out of this, an approximation function
for the tangential field component was deduced, serving the boundary condition located at the
slot opening of a sub-domain model.

008

QUASI DYNAMIC MODEL OF WHEEL VEHICLE WITH ELECTRIC AND HYBRID DRIVE SYSTEM
Szymanski Z.
Abstract - In the paper present’s a physical and mathematical models of: kinetic system, drive
system (electric and combustion traction motors), and also wheel and rails traction vehicle supply
system (car, special vehicle, modern tram vehicle). Selected predictive and quasi dynamic control
system algorithms of traction vehicle are presented in the paper. For selected constructions of
traction vehicle drive system presented simulation models and results of calculations of different
exploitations work state of wheel vehicle with hybrid drive system. Results of computer
calculations one verified with laboratory measurement, introducing suitable corrections coefficient
to simulations models of vehicles.

014

ELECTROMAGNETIC AND THERMAL PARAMETER IDENTIFICATION METHOD FOR BEST
PREDICTION OF TEMPERATURE DISTRIBUTION ON TRANSFORMER TANK COVERS
Penabad-Duran P., Di Barba P., Lopez-Fernandez X. M. , Turowski J.
Abstract – This paper describes a parameter identification method based on multiobjective
deterministic and non-deterministic optimization algorithms to compute the temperature
distribution on transformer tank covers. The accuracy of the model depends on its parameters,
and thus the goal of the presented technique is to achieve the best possible agreement between
measured and numerically calculated temperature values. However, solutions less sensitive to
measurement errors at the expenses of a degradation in accuracy must be also considered.
Computations with identified/optimal parameters yield accurate results for a wide range of
current values and different conductor arrangements.

024

OPTIMIZATION OF THE SYNCHRONOUS MOTOR WITH HYBRID PERMANENT MAGNET EXCITATION
SYSTEM
Knypinski L., Nowak L., Demenko A.
Abstract – The paper presents the algorithm and software for the optimization of the rotor
structure of the permanent magnet synchronous motor (PMSM) with a magnet composed of two
materials made with the use of different technologies: (a) sintered Neodymium magnets and (b)
powder dielectromagnets. The software consists of two modules: a module for simulation of field
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phenomena occurring in PMSM motors and an optimization module. The parameters of two
optimal structures of PMSM motors have been compared. Selected results of the calculation and
optimization are presented and discussed.
042

THE INFLUENCE OF STATIC ECCENTRICITY ON THE SPECTRUM OF INDUCTION MACHINES STATOR
CURRENTS
Hamad-Elawgali S.
Abstract - Current spectrums of a four pole-pair, 400 kW induction machine were calculated for
the cases of full symmetry and static eccentricity. The calculations involve integration of 93
electrical plus four mechanical ordinary differential equations. Electrical equations account for
variable inductances affected by slotting and eccentricities. The calculations were followed by
Fourier analysis of the stator currents in steady state operation. Zooms of the calculated current
spectrums, around the 50 Hz fundamental harmonic as well as of the main slot harmonic zone,
were included. The paper, also, includes stator current spectrum that refer to measured current.

073

IMPROVED RELIABILITY OF DIAGNOSTICS OF INDUCTION MOTOR BROKEN ROTOR BARS
Zagirnyak M. , Kalinov A., Romashykhina Z.
Abstract – Development of induction motor broken rotor bars diagnostics method according to the
analysis of the signal of electromotive force induced in stator windings after disconnecting the
motor from the network is presented. Based on the calculation of the magnetic field in an
induction motor air gap, it is shown that informational features corresponding to magnetic field
distortions caused by broken rotor bars are lost in the signal of the stator phase electromotive
force. To improve the reliability of diagnostics it is proposed to use wavelet-analysis of the signal of
electromotive force of one active side of the winding coil, the signal being singled out from the
signal of stator winding phase electromotive force, using reverse Z-transform.

092

INVESTIGATION ON THE NOVEL STEPPER MOTOR WITH AUXILIARY POLES FOR THE AUTOMOBILE
AGS
Rhyu S.-H., Lee J.-J., Koo B.-W., Choi B.-D., Lim J.-H.
Abstract – This paper presents the development of a micro-step voltage fed actuator for the
Automobile Active Grill Shutter (AGS). We propose a novel structure for a stepper motor with
auxiliary poles and partial winding structure. Magnetic characteristics are analyzed using the finite
element analysis (FEA) account for magnetization of Permanent Magnet (PM). From the analysis
and experimental results, it is shown that the proposed model has the availability for AGS’s flap
control and performance improvement.

120

SYNCHRONOUS MOTOR WITH HYBRID PERMANENT MAGNETS ON THE ROTOR
Slusarek B., Jankowski B., Kapelski D., Karbowiak M., Przybylski M., Zawilak J., Antal L., Zalas P.,
Gwozdziewicz M.
Abstract – Powder metallurgy allows designers of electric motors to implement new structures of
magnetic circuits. A relatively new concept is using a magnet system consisting of various types of
magnets on one rotor, for example, sintered and bonded magnets. This concept has been applied
to design and manufacture the 4-pole rotor of the synchronous motor with the power of 400 W
and the rotational speed of 1500 rpm. In this motor has been applied the stator of asynchronous
motor type Sh 71-4B. Application of the new construction of the rotor resulted in increase motor
efficiency and power factor compared to the asynchronous motor with the same volume.
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PARASITIC MAGNETIC COUPLINGS BETWEEN PHASES IN A THREE-PHASE TRANSVERSE FLUX
PERMANENT MAGNET MACHINE
Munih T., Anic D., Zagirnyak M., Lahajnar F., Miljavec D.
Abstract – This paper discusses the effect of parasitic magnetic couplings within three single phase
units axially stacked to form a transverse flux machine. Three dimensional finite element magnetotransient calculations are used to show the effects of such magnetic couplings when different
combinations of phase loads are applied. The magnetic shielding is investigated for the purpose to
diminish the effect of phase couplings. The calculated results are also compared to measured ones.

126

THE EVALUATION OF ON-LINE OBSERVER OF LIM SERVO SYSTEM USING A TRANSIENT FEM &
EXPERIMENT
Lee J. H., Kim S. Y., Kim T. H., Kim Y. H.
Abstract – This study deals with the dynamic characteristics analysis of Linear Induction Motor
(LIM) using finite element method in which the moving mesh technique is considered. The focus of
this paper is to show the appropriate of on-line observer system for position sensorless control of
a LIM under the phase asymmetry, saturation and iron loss. Comparisons are given with angle of
the observer and that of proposed FEA method of linear induction motor, respectively. The
position control system is realized, and the effective of the observer system is verified by
experimental results for the flux angle.

128

PM MAGNETIZATION CHARACTERISTICS ANALYSIS OF A POST-ASSEMBLY LINE START
PERMANENT MAGNET MOTOR USING COUPLED PREISACH MODELING AND FINITE ELEMENT
METHOD
Lee J. H., Byen W. G., Kim T. H., Kim Y. H.
Abstract – This paper deals with the characteristics evaluations of PM magnetization using stator
coil in a post-assembly Line Start Permanent Magnet Motor (LSPMM) using a coupled Finite
Element Method (FEM) and Preisach modeling, which is presented to analyze the magnetic
characteristics of permanent magnets. The focus of this paper is the characteristics analysis
relative to magnetizing direction and quantity of permanent magnets due to the eddy current
occurring in the rotor bar during magnetization of Nd-Fe-B.

136

LOSS & EFFICIENCY COMPARISONS OF PMA-, CW-, NORMAL SYNRMS BY COUPLED PREISACH
MODELS & FEM AND EXPERIMENT
Lee J. H., Lee P. W., Kim T. H., Kim Y. H.
Abstract – This paper deals with the loss and efficiency evaluations of permanent magnet assisted(PMA-), concentrated winding- (CW-), normal synchronous reluctance motors (SynRMs) by coupled
Preisach model & finite element method (FEM) and experiment. The focus of this paper is the
output characteristics comparisons relative to stator, rotor types in SynRM and the efficiency
evaluation relative to hysteresis loss, copper loss, etc. on the basis of rated load condition in each
SynRMs. Computer simulation and experimental result for the efficiency, losses evaluations using
dynamometer show the characteristics of each SynRMS and enable to select a proper industrial
application field.
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153

INFLUENCE OF THE CLOSING ROTOR SLOTS ON THE DISTRIBUTION OF THE MAGNETIC FIELD AND
THE ADDITIONAL LOSSES IN THE INDUCTION MOTOR
Dems M., Komeza K., Wiak S., Fernandez-Coya S.
Abstract – This paper presents the distribution of the magnetic field and additional losses analysis
of a 3-phase induction motor with opened and closed rotor slots. In the field-circuit approach the
distribution and changes of magnetic flux density in the motor are computed using a time-stepping
finite element method. The additional losses in each element are evaluated at different
frequencies. Finally, an approximate analytical formulation is derived for rapid field computation.

157

SELF-EXCITATION ANALYSIS OF A SINGLE-PHASE INDUCTION GENERATOR
Leicht A., Makowski K.
Abstract –The paper presents two-dimensional field-circuit model of the single-phase induction
machine operating as a generator and simulation of self-excitation characteristics. Developed fieldcircuit model was implemented using Flux2D software package for study self-excitation
phenomenon for residual flux density modeled by electric current or magnetic flux imposed on a
line region with nonzero initial voltage across capacitor. An effect of the capacitance and capacitor
configuration in the stator windings on no-load terminal voltage at different rotational speeds of
the generator was investigated.

161

INDUCTION MACHINE HARMONIC FLUX DENSITY CANCELLATION BY CURRENT INJECTION
Ninet J. O., Romary R., Brudny J.F., Lecointe J.P.
Abstract – The work presented in this paper describes a method of compensation of air gap flux
density harmonic components by current injection. This method is based on the analysis of the
harmonic flux density caused by the slotting effect. The authors explain how to define the
characteristics (amplitudes, phases) of the injected current components to compensate a flux
density component. This compensation has a direct consequence on the associate iron losses. The
method is validated by numerical simulations obtained with a finite element software application.

187

IN-DEPTH COGGING TORQUE ANALYSIS OF A SINGLE PHASE PMBLDC MOTOR
Lefley P. , Petkovska L., Cvetkovski G.
Abstract – This paper presents an in-depth cogging torque analysis of a single phase brushless DC
motor. The motor is based on a novel asymmetrical stator pole design, that has a significantly low
cogging torque. However, applying a taper to the rotor and stator poles can further reduce the
level of cogging torque as well as introduce a low level starting torque at the alignment positions.
An accurate 2D finite element simulation was employed to numerically analyse the magnetic field
distribution inside the motor. Cogging and static torque waveforms, along with other relevant
characteristics are examined. The results show that implementing a taper does not always give the
desired smoothing effect on the cogging problem.

193

COMPARISON OF SINGLE- AND DOUBLE-LAYER WINDINGS IN AN AXIAL FLUX PEMANENTMAGNET SYNCHRONOUS MACHINE
Slamberger J., Virtic P.
Abstract – This paper deals with the comparison between single-layer and double-layer
concentrated windings in an axial flux permanent magnet synchronous machine (AFPMSM). The
results will show the comparison between the numerical calculations of back electromotive force,
cogging torque, detent force and static torque.
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220

FINITE ELEMENT ANALYSIS OF THE ASYNCHRONOUS TORQUE IN LSPMSM WITH NON
SYMMETRICAL SQUIRREL CAGE WINDING
Jedryczka C., Wojciechowski R., Demenko A.
Abstract –The paper focuses on the analysis of the asynchronous torque of the line start
permanent magnet synchronous motor (LSPMSM) with the asymmetrical squirrel cage winding. In
order to calculate the asynchronous torque the parametrical field models of LSPMSM have been
elaborated. To investigate impact of squirrel cage asymmetry the three different rotor geometries
have been studied.

250

DESIGN CONSIDERATION OF PERMANENT MAGNET MOTOR FOR COGGING TORQUE REDUCTION
Petkovska L., Cvetkovski G., Lefley P.
Abstract – The paper investigates the impact of the stator core design of a permanent magnet
synchronous motor (PMSM) on the electromagnetic torques waveforms. Using 2D FEA two torque
components are studied: cogging torque and static torque. The study starts with generic topology
of a PMSM. The impact of stator lamination stacking by interlocks and notches is examined. The
emphasis is put on the improvement of the stator topology for cogging torque reduction. An
improved design for stator tooth-slot area, by inserting wedges from soft magnetic composite is
proposed. A numerical experiment is used to validate the proposed solution. The FEM simulations
demonstrate the effects of the wedges on the cogging torque reduction.

252

CALCULATIONS OF AXIAL FLUX SYNCHRONOUS PERMANENT MAGNET MOTOR PERFORMANCE
USING ADVANCE 3D FINITE ELEMENT ANALYSIS AND ANALYTICAL EQUIVALENT CIRCUIT MODEL
Wolnik T., Bernatt J.
Abstract – The paper presents model and electromagnetic circuit calculations of axial flux
permanent magnet motor. The results of analytical calculations based on algorithm elaborated
within the research project, and the results of calculations and simulations conducted by FEM on
the 3D model are shown in this article. The calculations were verified with the results of laboratory
tests carried out on a real motor model. The conclusions and remarks are prepared on the basis of
obtained results.

273

ANALYTICAL CALCULATION OF SMALL POWER INDUCTION MOTOR CHARACTERISTICS
CONSIDERING EFFECTS OF PUNCHING
Mlakar M., Hadziselimovic M., Stumberger B., Zagradisnik I.
Abstract - This paper presents the improvement of the analytical calculation of magnetizing
current at no-load and rated load of a small induction motor. This is achieved with different B-H
characteristics for different parts of the laminations’ magnetic path. In addition, the reduced
values of the teeth or yokes with a particular width are included due to damaged structure at the
edges. Therefore, if we consider technological factors then the analytical calculation results are
more in line with the measurement results.
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274

INFLUENCE OF TERMINAL VOLTAGE LEVEL ON INDUCTION MACHINE LOSSES
Hadziselimovic M., Stumberger B.
Abstract – In different industrial drives induction motors are supplied with voltage which is
different than the declared motor rated voltage. The main reason for such situation is usually long
distance between the voltage source (e.g. transformer) and the induction motor electric drive (e.g.
ventilation fan in mine). Because of long distance between the source and electric drive the
voltage drop exists on the supply cable which decreases actual terminal voltage level of induction
machine. This paper presents complete analyze of terminal voltage level influence on induction
machine losses. Complete analyze is performed on the basis of calculated and measured
characteristics of explosion-proof protected induction motor.

Welcome Reception
Time: 17:15 – 20:00 Trip and Visit to St. Naum Monastery
Time: 20:00 – 24:00 Dinner: Ethno-Style
Restaurant "Ostrovo" (Island)
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003

CURRENT DISTRIBUTION AND INPUT IMPEDANCE OF VERTICAL DIPOLE ANTENNA ABOVE LOSSY
HALF-SPACE
Vuckovic D., Rancic M., Aleksic S.
Abstract – In order to determine the electromagnetic field structure in the surroundings of a
vertical dipole antenna (VDA) arbitrarily placed in the air above lossy ground, one form of
improper Sommerfeld`s integrals needs to be solved. All approximate solutions of this integral
applied in this paper were developed modelling the spectral reflection coefficient that is a part of
its integrand. Comparison of the results for the current distribution and the input impedance
obtained applying few approximations proposed by the authors with corresponding ones obtained
using the image method, is graphically illustrated.

004

INFLUENCE OF HIGH VOLTAGE ON DRUM ELECTRODYNAMIC SEPARATOR EFFECTIVENESS
Ciesla A., Skowron M.
Abstract – Electric field has a lot of applications in technology. One of them is electrodynamic
separation: electric field influences selectively granular solids of different moments or charges. A
mathematical model of the separation process in high voltage drum separator is presented in the
paper. Particles are charged both by induction and corona phenomena: next, they are separated
by effects of the field forces. Some computational and experimental results are given and
analyzed.

028

EFFECTS OF DIVISION OF COPPER WIRE ON COPPER LOSS OF A REACTOR IN HIGH
FREQUENCY
Sawada M., Shindo Y., Tamiya T., Kawase Y. , Yamaguchi T., Nakano T., Ishikawa M., Kodera T.
Abstract – Some reactors have air gaps between cores. The leakage flux around the air gap of the
reactor induces the eddy currents in the coil, and then the copper loss increases. In this paper, the
copper loss of a reactor at the carrier frequency of the pulse width modulation is numerically
computed by the three-dimensional finite element method using a parallel computing system.

049

PARAMETRIC HISTORY ANALYSIS OF CYLINDRICAL CAVITY BY FINITE ELEMENT AND THE STEP BY
STEP EIGENVALUE PERTURBATION METHODS
Gunel S., Zoral E. Y.
Abstract – Analysis of microwave resonant structures by the finite element method yields a
generalized eigenvalue problem. In the case of material or geometrical perturbations of these
structures, the perturbed eigenvalues and eigenvectors can be approximated in terms of
unperturbed ones without solving the generalized eigenvalue problem for the perturbed
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geometry. In this study, the parametric history analysis of cylindrical cavity perturbed by a
dielectric ring has been presented combining the finite element method and the step by step
eigenvalue perturbation method.
074

FULLY ANALYTICAL DETERMINATION OF INDUCTANCES IN WINDINGS WITH AXIAL AND
AZIMUTHAL WIRES
Dumont de Chassart C., Van Beneden M., Kluyskens V., Dehez B.
Abstract – The calculation of inductances usually results in a high computing time when performed
via FE simulations. This paper proposes a fully analytical toolbox to calculate inductances in any
winding made of axial and azimuthal wires and lying in the air. Its main contribution resides in the
derivation of an analytical expression of Neumann’s integral for the inductance between two
coaxial circular arcs. The analytical formulas are validated by 3D FE simulations, showing an error
of less than one percent between the analytical predictions and FE results.

147

A NEURAL NETWORK MESH GENERATOR FOR EDDY CURRENT PROBLEMS
Alfonzetti S., Dilettoso E., Salerno N.
Abstract – A finite element mesh generator based on an artificial neural network is described for
the solution of open boundary eddy current problems. The generator grows an initial (moderately
coarse) mesh of edge elements of tetrahedral shape up to a user-selected number of nodes. The
mesh growth is driven by a node probability density function, which is obtained from an error
estimation for the solution of the eddy current problem with the initial coarse mesh. Goodaccuracy solutions are obtained with a lower computational effort.

206

COMPARATIVE ANALYSIS OF INDUCTANCES OF AIR-GAP WINDINGS
Jumayev S., Borisavljevic A., Boynov K., Pyrhonen J., Lomonova E. A.
Abstract – PM machines with airgap windings are suitable machine type for high-speed low-power
applications. However, these machines regularly have very low synchronous inductance which
brings about necessity for use of large external filters to reduce phase current ripple and
corresponding machine losses. It is, therefore, important for the machine design to correctly
evaluate inductance value during the design process. In this paper, a comparative analysis of
inductances of different commonly-used airgap windings, namely: toroidal, skewed and
concentrated windings, is performed. General equations of inductance calculation for toroidal and
concentrated windings are derived using Biot-Savart’s law and method of images. Based on these
equations, the dependency of inductance values on stator bore length and diameter is
investigated.

269

MAGNETIC FIELD ANALYSIS BY MEANS OF NONCONFORMING MESH CONNECTION BETWEEN
DIFFERENT ORDER EDGE-BASED FINITE ELEMENTS
Okamoto Y., Sato S.
Abstract - First-order elements are widely used as discretization elements in the edge-based finite
element method for electromagnetic field analysis. Second-order-discretization has a tendency to
escape from the practical magnetic field analysis due to many nonzero entries in the global matrix
and convergence deterioration of a linear solver. To overcome this difficulty, this paper presents a
magnetic field analysis method with a nonconforming mesh connection between elements of
different order.
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006

GA OPTIMISATION AND FEM ANALYSIS OF PWM INVERTER INDUCTOR FOR LCL FILTER
Sarac V., Cvetkovski G.
Abstract – In this paper a mathematical model for design and optimisation of main inductor in a
LCL filter using genetic algorithm is presented. The objective function for the optimisation is
selected to be the efficiency of the inductor. Two different optimization search have been
performed using the same objective function, but with different number of optimisation
parameters. From these optimisations two different inductor solutions were realized with lower
inductor losses and decreased temperature rise. Finite Element Method is used for further analysis
of the two optimal designed solutions.

036

OPTIMIZATION OF ELECTROMAGNETIC FIELD DISTRIBUTION IN MAGNETIC SUPPORTED CARBON
NANOTUBES SYNTHESIS
Raniszewski G., Pyc M., Kolacinski Z.
Abstract – One of the most effective methods of carbon nanotubes synthesis is the arc discharge
method. This paper describes a system supported by a magnetic field which can be generated by
an external coil. An electric arc between two electrodes is stabilized by the magnetic field following
mass flux stabilization from the anode to the cathode. In this work four constructions are
compared. Different configurations of cathode and coils are calculated and presented. Exemplary
results are discussed. The paper describes attempts of magnetic field optimization for different
configurations of electrodes.

043

THE EFFICIENCY OF A MODIFICATION OF THE GENETIC ALGORITHM IN THE OPTIMIZATION OF
LIGHTING SYSTEMS
Kasprzyk L., Tomczewski A.
Abstract – The article presents the problem of the level of energy consumption by lighting systems,
at the same time indicating the possibilities and the methods of searching for more economical
solutions. It discusses the use of a genetic algorithm in the process of minimizing the interim cost
of complex interior lighting systems. It discusses the influence of selected modifications on the
efficiency of the algorithm. The calculation results are presented in the form of a comparison of
the off-line, on-line efficiency characteristics for the cases in which the basic algorithm and the
modified algorithm were applied.

044

OPTIMIZATION OF THE NUMBER AND THE DISTRIBUTION OF HIGH-FREQUENCY SIGNAL SOURCES
IN RADIO NETWORKS
Dobrzycki A., Kasprzyk L., Skorcz K., Tomczewski A.
Abstract – The paper focuses on the problem of optimization of the number and distribution of
high-frequency signal sources in wireless computer networks operating in complex building
objects. To perform the task, the heuristic of a modified genetic algorithm and the wave
propagation model in indoor building environments were used. The results of the optimization
process were presented for a sample multi-storey building object with a complex geometrical and
material structure.
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058

DESIGN OF ENERGY EFFICIENT TRANSFORMER USING MODERN OPTIMIZATION TECHNIQUES
Digalovski M., Petkovska L.
Abstract – The paper presents a procedure for designing an energy efficient distribution
transformer. The target is to achieve higher efficiency through minimization of the total loss, while
the mass of active materials is reduced, too. The object of this research work is an existing oil
immersed three-phase transformer 50 kVA, 20/0.4 kV, Yzn5, from the production program of Rade
Koncar factory in Skopje. First the complete non-linear mathematical model of the transformer is
developed; after the objective function representing the total transformer loss is derived; finally
optimisation variables and their constraints are defined. The output of the optimisation procedure
is a new designed prototype transformer, which is manufactured. The computed results, both
analytical and numerical using 3D FEM, are validated through measurements. They show very
good agreement and prove the proposed techniques as effective and accurate.

086

ECONOMIC CALCULATION AS THE BASIS FOR CREATING A CRITERION FUNCTION IN THE PROCESS
OF OPTIMIZATION OF HIGH-CURRENT BUSDUCTS
Bednarek K.
Abstract – The main focus of the work is placed on formulating a criterion function in the process
of optimization of three-phase high-current busducts and on using economic calculation in those
formulas as a universal link that makes it possible to include requirements of different nature set
for the objects. The mathematical methods used for the determination of the electrodynamic
parameters in the equipment analyzed and the global cost calculation were presented. The results
of the optimization calculations performed were provided and discussed.

097

OPTIMIZATION PROCESS TO SOLVE MULTIRATE SYSTEM
Pierquin A., Brisset S., Henneron T., Clenet S.
Abstract - The modeling of a multirate system formed by components with heterogeneous time
constants can be done using fixed-point method. This method allows a time discretization of each
subsystem with respect to its own time constant. In an optimization process, executing the loop of
the fixed-point at each iteration can be time consuming. By adding one of the searched waveform
of the system to the optimization variables, the loop can be avoided. This strategy is applied to the
optimization of a transformer.

125

CHARACTERISTICS ANALYSIS & OPTIMUM DESIGN OF AXIALLY LAMINATED ANISOTROPIC ROTOR
SYNCHRONOUS RELUCTANCE MOTOR USING COUPLED FINITE ELEMENT METHOD & RESPONSE
SURFACE METHODOLOGY
Kim Y. H., Byen W. G., Kim T. H., Lee J. H.
Abstract – This paper deals with the characteristics analysis & Optimum Design of Axially
Laminated Anisotropic (ALA) rotor Synchronous Reluctance Motor (SynRM) using a coupled Finite
Element Method (FEM) & Response Surface Methodology (RSM). The focus of this paper is the
characteristics analysis & optimum design relative to the output power on the basis of rotor
structures and materials of a SynRM. The coupled Finite Element Analysis (FEA) &Preisach model
have been used to evaluate nonlinear solutions. Comparisons are given with characteristics of a
same rated wattage induction motor and those of ALA-SynRM, respectively.
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CHARACTERISTIC ANALYSIS & OPTIMUM DESIGN STANDARD EVALUATION OF PERMANENT
MAGNET ASSISTED SYNCHRONOUS RELUCTANCE MOTOR FOR POWER IMPROVEMENT
Lee J. H., Kim J. W., Kim T. H., Kim Y. H.
Abstract – This paper deals with the characteristic analysis & optimum design criteria of
Permanent Magnet Assisted Synchronous Reluctance Motor for power improvement. The focus of
this paper is found firstly a design solution through the comparison of torque density and d, q-axis
inductance according to the rotor magnet & flux barrier shape, dimensions variations in various
rated wattage and, Secondly, a mixed resolution with central composite design is introduced The
proposed procedure allows the definition of the rotor magnet & flux barrier shape, dimensions
starting from an existing motor or a preliminary design according to the rated wattage.

132

DEMAGNETIZATION CURRENT EVALUATIONS USING FINITE ELEMENT METHOD & MAGNETIC
EQUIVALENT CIRCUIT MODELING AND OPTIMUM DESIGN IN A POLE CHANGING MEMORY
MOTOR
Lee J. H., Lee P. W., Kim T. H., Kim Y. H.
Abstract – This paper deals with the demagnetization current evaluations using finite element
method (FEM) and magnetic equivalent circuit modeling in a pole changing memory motor
(PCMM). The focus of this paper is the characteristics evaluation relative to the current density and
the magnet numbers of machine for pole changing condition in PCMMs. Magnetic equivalent
circuit modeling method and demagnetizing currents characteristics of PCMM according to the
magnet thickness variation are introduced. Finally, this paper deals with optimum design criteria to
minimize the torque ripple, to maximize torque density of a PCMM using Response Surface
Methodology (RSM).

139

CHARACTERISTIC ANALYSIS OF INTERIOR PERMANENT MAGNET SYNCHRONOUS GENERATOR
WITH INCREASED MAGNETIC FLUX
Hak-Gyun Jeong H. G., Cho J. H., Shin D. S., Cho C. H., Kim D. K.
Abstract – This paper presents the design and characteristic analysis of interior permanent magnet
synchronous generator (IPMSG) with increased magnet flux for a variable diesel engine generator.
To analyze the characteristics of an IPMSG with the increased magnet flux accurately, a time step
2D-finite element analysis (FEA) is carried out, which is coupled with external circuit. The proposed
model with increased magnet flux is increased the generated power and efficiency compared to
initial model. Finally, the analysis and the design results are confirmed by the experimental results.

140

IMPROVED COGGING TORQUE REDUCTION METHOD FOR SINGLE-PHASE BRUSHLESS DC MOTOR
Park Y. U., Cho J. H., Rhyu S. H., Woo K., Kim D. K.
Abstract – A single-phase, brushless DC (BLDC) motors have unequal air gaps to eliminate the
dead-point where developed torque is zero. These unequal air gaps deteriorate the motor
characteristics in the cogging torque. Therefore, this paper proposes a novel design for a singlephase BLDC motor with an asymmetric notch is proposed to solve this problem. In the design
method, asymmetric notches were placed on the stator pole face, which affects the variation of
the permanent magnet shape or the residual flux density of permanent magnet. Parametric
analysis was performed to determine the optimal size and position of an asymmetric notch to
reduce the cogging torque. Finite element analysis (FEA) was used to calculate the cogging torque.
The FEA results were confirmed by the experimental cogging torque. The improved method
decreased about 38.6[%] and 17.5[%] in cogging torque compared to the initial and previous
model, respectively.
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Invited Lecture 2 – IL2
Time: 10:00 – 10:30
Session Chair: Aleksander Sieron
Dr. Masateru Ikehata: "EMS Issue in Railway Systems: Evaluation of Biological Effects
and Trends of Regulation in Japan"
Abstract - Recently, the first national regulations of magnetic fields of power frequency were introduced
for power utility and railway fixed installations. These regulations were based on the guideline of the
International Commission on Non-Ionizing Radiation Protection (ICNIRP). This guideline was established to
prevent acute effect by exposure to MF, such as nerve stimulation. In addition, we are conducting studies
to evaluate biological effect by exposure to various MF to establish evidences for evaluating chronic health
risk. Static, 50Hz, several kHz and their combination were examined. Almost no effect was observed by
environmental level of magnet flux density except extremely small effects related to mutate genes were
observed by exposure to very strong static magnetic field. These data suggest that adverse effect of
environmental MF does not exist or extremely small to detect. Another point of view to evaluate the
effect of MF, human dosimetry by exposure to non-homogeneous magnetic field that is generated in
railway car have been studying. Numerical human models were applied to estimate induced
current/voltage within human body. Results suggest that allowance in basic restriction of ICNIRP guideline
will be 10 times (average) and 100 times (maximum) respectively. Future tasks and studies will be
discussed at the conference.

Coffee Break
Time: 10:30 – 11:00

Oral Session 3 – OS3
Bioelectromagnetics and Biomedical Problems
Time: 11:00 – 12:15
Session Chairs: Andrzej Krawczyk and Masateru Ikehata
021

IMPACT OF STATIC ELECTRIC FIELD GENERATED BY HIGH VOLTAGE DIRECT CURRENT
TRANSMISSION LINES ON CARBOHYDRATE METABOLISM IN LIVER OF RATS
Cieslar G., Mrowiec J., Fiolka J., Sowa P., Sieron A.
Abstract – In this study it was confirmed that long-term exposure of rats to strong static electric
fields with intensity of 25 kV/m generated nearby High Voltage Direct Current transmission lines
evokes transient decrease in serum glucose concentration probably due to stimulation of excretion
of insulin in the course of long-lasting stress reaction caused by electric field action, with
subsequent compensatory changes of the activity of glucose metabolizing enzymes and transitory
decrease in glycogen contents in liver tissue in the initial phase of exposure cycle, enabling the
maintenance of homeostasis of carbohydrate metabolism.
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022

IMPACT OF SELECTED ELECTROMAGNETIC FIELDS ON PROOXIDANT-ANTIOXIDANT BALANCE IN
ERYTHROCYTES OF MALE RATS
Sieron-Stoltny K., Cieslar G., Sieron A.
Abstract – In this study the impact of electromagnetic fields generated by High Voltage Indirect
Current transmission lines and emitted by mobile phone (f=900 MHz) on the prooxidantantioxidant balance in erythrocytes of rats was estimated, basing on analysis of the contents of
markers of oxidative stress and activity of selected antioxidant enzymes. It was concluded that 4week lasting exposure of rats to electromagnetic field with analyzed physical parameters causes
only a slight inhibition of the activity of catalase, without accompanying changes of intensity of
oxidant processes and activities of other antioxidant enzymes in erythrocytes, enabling the
maintenance of prooxidant-antioxidant balance.

164

CALCULATION OF EM FIELDS IN HUMAN BODY DUE TO WIRELESS INDUCTIVE CHARGING SYSTEM
Ding P.-P., Pichon L., Bernard L., Razek A.
Abstract – A pilot study for calculating the induced electromagnetic fields in human body exposed
to the wireless inductive charging system of electric vehicles has been conducted based on the
numerical simulation. A homogeneous human body model is built and a representative wireless
inductive charging system is used for the exposure assessment. The numerical simulation relies on
Finite Element Method with formulations in terms of the magnetic vector potential. The electromagnetic fields in terms of magnetic flux density and electric field are computed in the human
body and compared with electromagnetic exposure limits. This study could help the development
of the wireless inductive charging system with meeting the safety standard of radiation protection.

219

EXPOSURE OF SERVICE TECHNICIANS TO ELECTROMAGNETIC FIELD FROM BASE STATION
ANTENNA SYSTEM
Zigar D., Krstic D., Cvetkovic N., Dunjic M., Sokolovic D.
Abstract – It is necessary to maintain large number of base stations on which the operation of the
GSM mobile telephony system is based. These operations are done by service personnel of mobile
provider. The roofs of tall apartment buildings are usually the places where the antenna systems of
different mobile operators are located. Often, it is very difficult for service technicians to perform
interventions in the vicinity of the antenna system of other operators which are not excluded and
emit electromagnetic radiation. Therefore, it is important to calculate the intensity of electromagnetic fields and the adverse health effects on exposed professionals. This paper analyzes the case
of exposure of a man who is directly behind the antenna base station which emits electromagnetic
radiation, distribution electromagnetic energy in body and possible health effects.

262

SIMPLIFIED HUMAN BODY MODELS FOR BODY AREA NETWORK SIMULATION AND
MEASUREMENT
Januszkiewicz L., Hausman S.
Abstract - In the paper two simplified numerical and physical human body models for Body Area
Network (BAN) simulation and measurement are presented and compared. As morphologically
most detailed, the NMR Hershey heterogeneous computer body model available in Remcom®
XFDTD simulation software was used as a reference. Simplified models are considered in the paper
consisting of homogenous circular/elliptical cylinders. For all the models path loss is extracted
from simulation and/or measurement data. The loss values for simplified and reference models are
evaluated and compared to measurement results obtained using a physical phantom filled with
tissue simulant liquid. Conclusions concerning applications of the simplified models in engineering
applications are formulated.
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Poster Session 3 – PS3
Bioelectromagnetics and Biomedical Problems
Time: 12:15 – 13:30
Session Chair: Slawomir Hausman
105

THE ELLIPTICAL APPLICATORS POSITION AND PARAMETERS DUE TO MAGNETOTHERAPY
REQUIREMENTS
Syrek P., Skowron M., Ciesla A.
Abstract – This paper presents the results and method of optimization of the elliptical applicator
used in the magnetotherapy of fractures. There are some results presented. Authors adopted
genetic algorithm to increase magnetic field flux within the fractured bone with two constraints.
The first constraint is associated with position of applicator and involves collision’s determination
with regard to human body. The second one is imposed by authors and relates to applicators mass,
that has to be minimized..The results are visualized and proper applicator position is presented.
Reducing the length of applicators coil allows to reduce energy consumption during
magnetotherapy. This aspect is particularly important in application or implementation of mobile
applicators, that use the batteries.

151

COMPUTER SIMULATIONS OF THE DISTRIBUTION OF MAGNETIC FIELD GENERATED BY THE
APPLICATORS USED IN MAGNETOTHERAPY
Kraszewski W., Skowron M., Syrek P.
Abstract – The evolution of medicine and technological development allow to create new devices
applied in magnetotherapy, which open up new possibilities of diseases’ treatment. Especially it
might be interesting to create a device for magnetotherapy, which can be used at home. To meet
this expectation new portable devices producing the desired field as well as small-sized coils
applicators are newly developed In this paper the authors present computer simulations of
magnetic field distribution for the most commonly encountered in physical therapists' offices
applicator and the new shape of the mobile applicator.

154

INFLUENCE OF PRE SOWING MAGNETIC STIMULATION ON GERMINATION OF SEED CAMELINA
(Camelina sativa L.)
Skowron M., Syrek P., Ciesla A., Kraszewski W.
Abstract – The physical and chemical factors have the influence on the size yielding of crops.
Agronomic practice although, mainly used in chemical, has a number of side effects. The authors
present the study on the impact of pre sowing camelina seed magnetic stimulation with
alternating magnetic field on the germination of seeds. Study effect of the magnetic field was
preceded by the analysis of camelina seed shape and distribution of elements on the surface of the
seeds, carried cross section scanning electron microscope (SEM). The authors also introduce the
calculations of the magnetic field distribution inside the model of the seeds placed in the
homogeneous magnetic field.

169

PASSIVE LIMBS REHABILITATION AUGMENTED REALITY SYSTEM
Wiak S., Wojciechowski A., Majewski A., Napieralski P.
Abstract – Medical rehabilitation of human limbs is a very practical problem, that people can
experience any time in their life. Unexpected accidents - broken limbs - or geriatric dysfunctions
require regular rehabilitation treatment whereas, due to extensive government savings, it is less
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and less available every year. This provided paper presents a low cost, augmented reality passive
medical rehabilitation system exploiting depth based joints tracking supported with Microsoft
Kinect controller. Our proposed solution suggests introducing visual markers overlaid on a patient
image as an interface layer and simultaneous two sensors depth based measurements assuring
spatial limbs tracking.
176

THE ANALYSIS OF BIOELECTROMAGNETIC PHENOMENA IN THE BODY OF A CHILD WITH AN
IMPLANT EXPOSED TO HF ELECTROMAGNETIC FIELD
Miaskowski A., Lada-Tondyra E., Krawczyk A.
Abstract – The paper presents the biomedical situation when metallic implant is inserted in the
body and the question arises whether the implant causes any harm to the organism. Here, the
implant is a long metallic bar used as a therapy of the deformity which produces sunken
appearance of the chest (pectus excavatum). Electromagnetic environment is presented here by
the homogenous electromagnetic wave of high frequency (2,45 GHz). The results of the simulation
are exhibited in the form of SAR coefficient and electric field intensity.

257

THE ANALYSIS OF ENVIRONMENT IMPACT ON RADIO CHANNEL PARAMETERS IN BODY AREA
NETWORKS
Hausman S., Januszkiewicz L.
Abstract - The paper discusses radio propagation channel path loss for a body area network
operating in an indoor environment. As an example, radio signal attenuation between two dipoles
placed in a direct vicinity of a human body is analysed for several types of surrounding propagation
environments comprising flat obstacles. The computer simulations were made with Remcom
®
XFdtd software at 2.4 GHz band. The transmitter and receiver were placed on the chest, back and
on the arm of the numerical heterogeneous anthropomorphic phantom. As a reference
environment for comparison, free space with conducting ground plane was chosen. Further results
were obtained for more complex environments comprising several metallic walls or brick walls. A
comparison of path loss values in different environments gives some qualitative and quantitative
insight into properties of the indoor body area network channel.

258

HUMAN BODY MODELS FOR BODY-WORN ANTENNA SIMULATION AND MEASUREMENT
Januszkiewicz L., Hausman S.
Abstract – For the design of body worn antennas computer simulation software with numerical
human body models is widely used. Simulations made with standard heterogeneous models
require a lot of computing resources. Moreover, those models do not have physical phantom
representations that could be used for comparative experimental verification. In the paper
simplified human body models are studied that can be made and used in measurements. Antenna
radiation patterns obtained with simplified and heterogeneous models are presented. Results of
computer simulation with the finite difference time domain method are presented along with the
results of their experimental verification.

260

TEXTILE VEE ANTENA MADE WITH PVD PROCESS
Januszkiewicz L., Hausman, Nowak I., Krucinska A.
Abstract – In the paper the textile Vee antenna made through physical vapor deposition of metal
on textile material is presented. It can achieve a wider bandwidth that the original Vee antenna
made with embroidering technique. Both impedance and radiation parameters of the antenna for
various technology parameters is investigated. Radiation pattern is examined both for free space
and on-body location.
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263

NUMERICAL ALGORITHMS WITH APPLICATION FOR IDENTIFY MEDICAL IMAGES
Rymarczyk T.
Abstract – In this work, there was presented system to analyze the medical images by using
topological algorithms and artificial intelligence techniques. There was tried to develop a fast
algorithm for piecewise constant level set method (PCLSM) applied to Mumford-Shah image
segmentation. Just one level set function is needed to identify arbitrary number of phases for the
segmentation problem. The image segmentation refers to the process of partitioning a digital
image into multiple regions. There is typically used to locate objects and boundaries in images.

Poster Session 4 – PS4
Electromagnetism in Materials
Time: 12:15 – 13:30
Session Chair: Virgiliu Fireteanu
027

NOVEL ALGORITHM FOR MEASUREMENTS OF STATIC PROPERTIES OF MAGNETIC MATERIALS
WITH DIGITAL SYSTEM
Mousavi S. A., Krings A., Engdahl G.
Abstract –This paper introduces a novel algorithm for measurement of static properties of
magnetic materials. The algorithm is implemented in a digital measurement system. The suggested
method accomplishes an efficient and accurate measurement that has several benefits in
comparison with previous works. The algorithm is based on control of the magnetization rate.
Measurements of DC symmetric and non symmetrical hysteresis loops, first order reversal curves,
the anhysteretic curve, and efficient demagnetization are some applications of the presented
method.

029

NUMERICAL MODEL OF CONTINUOUS LASER HARDENING OF STEEL BODIES AND ITS CONTROL
Kotlan V., Panek D., Hamar R., Dolezel I.
Abstract - The paper describes a novel way of continuous hardening of a steel body, which is
modeled, together with a corresponding control. The process of hardening is implemented by an
induction pre-heating and additional heating by a beam of a laser fixed on a robotic hand. The
optics of the laser contains a two-channel pyrometer measuring the temperature in the middle of
the radiated spot of the surface, which affects the power of the laser and/or the velocity of
movement. The heat produced on the surface layers is fast transferred by conduction into the
interior of material. The mathematical model of the process is solved numerically and the most
important results are discussed.

030

COMPLETE DESIGN OF INDUCTION SHRINK FIT BETWEEN DISK AND SHAFT
Kotlan V., Dolezel I., Ulrych B.
Abstract - The problem of fixing a disk on shaft by means of induction shrink fit is analyzed. The
analysis consists of two principal parts. The first task is to propose an appropriate interference of
the shaft and check the von Mises stress in the disk and shaft in all possible operation regimes. The
second task is to map the process of induction heating of the disk before its setting on the shaft.
This represents a triply coupled problem that is solved in the hard-coupled formulation. The
methodology is illustrated by an example of the active wheel of a gas turbine.
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104

ELECTROMAGNETIC CHARACTERISATION OF METALLIC SCREENS PERFORATED WITH PERIODIC SUBWAVELENGTH APERTURES
Dimitriadis A. I., Kantartzis N. V., Tsiboukis T. D.
Abstract – An efficient technique for the electromagnetic modelling of metallic screens perforated
with sub-wavelength apertures of various geometrical shapes is introduced in this paper. The
proposed method is based on the characterisation – in terms of effective surface parameters – of the
complementary array of scatterers and the Babinet duality principle. Furthermore, the intriguing
“extraordinary transmission” phenomenon is found to be successfully predicted within the pointdipole approximation, as a direct extension of the proposed methodology toward higher periodicities,
for the special case of normal plane wave incidence. Finally, the reflection and transmission
coefficients, obtained via two different implementations of the featured algorithm, are compared
with simulation outcomes from a commercial electromagnetic solver, thus certifying the accuracy of
the developed model.

112

SURFACE-LOSS ANALYSIS IN APPROXIMATE MODELS OF GROOVED SOLID-POLE SYNCHRONOUS
MACHINES CONSIDERING MINOR HYSTERESIS LOOPS
Shima K., Kobayashi N., Fukami T., Miyata K., Lee C., Furukawa Y., Komura A.
Abstract – In order to conduct a fundamental study of the surface losses in grooved solid poles of
synchronous machines, solid-iron ring specimens with various groove dimensions are adopted as
approximate models of the poles. The surface losses in the rings under DC-biased magnetization
are measured and computed by finite element analysis considering magnetic hysteresis. The loss
variations due to the groove dimensions and the slope of the minor hysteresis loops are
investigated. The results show that it is important to consider hysteresis for accurate calculation of
the surface losses and the grooving effect.

142

MODELING OF ELECTROMAGNETIC FIELD OF ELECTRIC MACHINES WITH LOCAL VARIATION OF
LAMINATED CORE STEEL PROPERTIES
Zagirnyak M., Prus V., Kushch I., Miljavec D.
Abstract – The necessity of taking into account variation of the properties of electric machine
magnetic systems during their repair and long-term operation is substantiated. The possibility of
taking into consideration magnetic system main faults influence on electromagnetic field by
assignment of nonuniform distribution of magnetic and electric properties is confirmed. Besides,
their variation in axial and radial directions for different saturation rate of magnetic material is
assigned. The specific features of modeling magnetic fields in electric machines with damaged
magnetic systems are determined.

144

ASSESSMENT OF MATERIAL DIELECTRIC PROPERTIES USING MICROWAVE WAVEGUIDE SENSOR
TUNED WITH METAMATERIAL STRUCTURE
Faktorova D., Istenikova K.
Abstract – In the paper we describe a new approach to the dielectric properties of dielectric
material investigation with implementation of artificial metamaterial structure over the aperture
of waveguide sensor in order to increase the sensing properties of classical waveguide sensor and
to achieve the optimal design of metamaterial structure for waveguide sensor tuning in microwave
X-band. In the paper we investigate the possibility of metamaterial structure using for upgrading
properties of classical waveguide sensor. The numerical simulation of 2D metamaterial structure
properties and experimental results for dielectric properties dielectric materials are described in
the paper.
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149

DESIGN OF NANOCOMPOSITE EMC STRUCTURES VIA UNCONDITIONALLY-STABLE
NONSTANDARD TIME-DOMAIN SCHEMES AND EFFICIENT GPU IMPLEMENTATION
Pyrialakos G. G., Kantartzis N. V., Tsiboukis T.D
Abstract – A consistent time-domain methodology for the systematic design and broadband
assessment of complicated nanostructured EMC devices is introduced in this paper. The novel
technique combines a family of nonstandard locally one-dimensional finite-difference time-domain
schemes with the advanced features of contemporary graphics processor units in general curvilinear
coordinates which preserve the hyperbolic profile of Maxwell’s laws. In this way, the resulting
formulation remains completely explicit and generates effective dual meshes free of artificial
vector parasites or spurious modes, while the frequency-dependent attributes of every setup are
successfully modelled. Numerical results reveal the significant reduction of dispersion errors along
with the considerable speedup compared to serialised realisations through various fabric/epoxy
devices with nanocomposite media

170

NORMAL PERMEABILITY OF GRAIN NON-ORIENTED, GRAIN ORIENTED AND AMORPHOUS
ELECTRICAL STEEL SHEETS
Hihat N., Lecointe J-Ph., Ninet O., Duchesne S., Napieralska E.
Abstract – This paper presents the normal permeability μz of different grades of electrical sheets
(Grain oriented, non oriented and amorphous). A specific test bench allows determining the
intrinsic static B(H) cycle. The magnetization in static mode makes it possible to suppress the eddy
current influence, contrary to others classical methods. The B-H curves of different materials are
provided up to the saturation and the μz permeability can be directly implemented in Finite
Element software applications.

117

CONTRIBUTION IN EDDY CURRENT NON DESTRUCTIVE TESTING APPLICATION ON CARBON FIBER
REINFORCED POLYMERS
Bouloudenine A., El Hadi-Latreche M., Belounis A.
Abstract – To enrich the inspection systems using magnetic sensing systems for eddy current
nondestructive testing and evaluating (NDT&E) sensors, we have to simulate electromagnetic
phenomena to predict the sensors' response. In this paper, performances of 3D formulations are
used by Finite Elements Method (FEM) analyses. We used magnetic flux density perturbation to
detect a defect in the test plate. The plate which is tested is a carbon fiber reinforced polymer
(CFRP). In this contribution, we devide the geometry defect (hole defect) by five parts, and relating
every part by the signal of magnetic flux density. For the extraction of our results, a magnetodynamic model was built by comsol multiphysics.

123

LOCALIZATION OF EDDY CURRENT DISTRIBUTION IN CFRP BY EC-NDT FERRITE CORE PROBE
Bouloudenine A., El Hadi-Latreche M., Belounis A.
Abstract – For optimization of eddy current probes, we simulated electromagnetic phenomena to
find a probe’s influence on the magnetic flux density and eddy current distribution. Our study is
applied on composite materials, exactly on carbon fibre reinforced polymer (CFRP). The aim of this
paper is focused 3D eddy currents distribution near small zone of composite material. We know
that the eddy current is generated by magnetic flux density, so we compared the orientation of
magnetic flux density arrows in two possibilities: the first is in circular air-cored coil and ferritecore coil probe is in the second time. The comsol multiphysics package is used in our resolution.
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194

EVALUATION OF REAL CRACKS USING MAGNETORESISTIVE SENSORS IN EDDY CURRENT TESTING
Smetana M., Strapacova T.
Abstract – The article deals with the utilization of two various types of sensing elements in eddy
current non-destructive testing – the Giant-Magneto-Resistive (GMR) and the AnisotropicMagneto-Resistive (AMR) sensors. The sensitivity and the resolution of the two types of sensors
are analysed under the same conditions. Austenitic stainless steel material samples with the
stress-corrosion cracks (SCC) and the fatique cracks (FC) are inspected. Experimental
measurements are carried out to evaluate performances of the sensors while the harmonic signal
is used for the driving. The gained results are presented and discussed in the paper.

331

ELECTRO-ELASTIC FIELDS IN THE HEXAGONAL PIEZOELECTRIC PLATE
Blasiak M., Kotowski R.
Abstract –The results of the calculations of the electromechanical fields, i.e.: stress, elastic
distortion, electric field and electric displacement, in the neighborhood of the generalized stationary 4D linear defect of the hexagonal piezoelectric material (PZT6) are presented in the form of
the 2D plots for the different positions of the generalized defect. The object of the study was a
thin piezoelectric plate fastened to the metallic plate on the one surface and free on another.

Lunch
Time: 13:30 – 15:00
Oral Session 4 – OS4
Optimisation and Computer Aided Design
Time: 15:00 – 16:30
Session Chairs: Ivo Dolezel and Andrzej Demenko
007

SKEW DESIGN OPTIMIZATION FOR SPMSM USING MAGNETIC MATERIALS ASSIGNMENT METHOD
WITH MULTI-STEP PARALLEL GA
Kitagawa W., Takeshita T.
Abstract – In this paper, it was proposed to the optimization of skew of SPMSM with 3-dimensional
finite element method (3D-FEM). The optimization technique was used multi-step parallel Genetic
Algorithm (GA) and the allocation of material assignment method. As a result, in useful
computation time, It was able to obtain an optimal skew special shape. And, it was able to reduce
the cogging torque of more than 97%.

019

DECOMPOSITION OF THE OPTIMIZATION PROCESS OF PERMANENT MAGNET SYNCHRONOUS
MOTOR
Nowak L., Knypinski L., Jedryczka C., Kowalski K.
Abstract – The paper presents an algorithm and software for the optimization of the permanent
magnet synchronous motor (PMSM). The software consists of two modules: (a) field numerical
model of the PMSM motor and (b) optimization solver. Numerical implementation of motor model
is based on finite element method. For the motor structure optimization the genetic algorithm has
been applied. Decomposition of optimization task is proposed. The two-stage optimization has
been executed. Selected results of the calculation and optimization are presented and discussed.
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057

CONSIDERATIONS OF UNCERTAINTY IN ROBUST OPTIMISATION OF ELECTROMAGNETIC DEVICES
Xiao S., Li Y., Rotaru M., Sykulski J. K.
Abstract – Due to unavoidable uncertainties related to material properties and manufacturing
processes, the robustness of the optimal solution must be considered when designing
electromagnetic devices. In this paper, the worst-case optimisation (WCO) and the worst-vertexbased WCO are proposed to evaluate the robustness of both performance and constraints under
uncertainty. To reduce computing times when searching for the robust solution a predicted
objective function is used, obtained with the help of a kriging algorithm which explores the
searching space using the concept of rewards. Final

091

OPTIMAL DESIGN OF A LINE-START PERMANENT MAGNET SYNCHRONOUS MOTOR
Elistratova V., Hecquet M., Brochet P., Vizireanu D., Dessoude M.
Abstract – The work described in this paper deals with the analytical design and optimization of a
line-start permanent magnet synchronous motor (LSPM) with two variants of magnetic circuit
structure. The design approach considers a LSPM as an induction motor (IM) combined with a
permanent magnet rotor arrangement and takes into account the characteristics of both
asynchronous and synchronous regimes.

158

ELECTRIC MACHINE SIZING OPTIMIZATION INCLUDING CONTROL STRATEGY AND DRIVING CYCLE
APPLIED TO ELECTRIC VEHICLE
Caillard P., Gillon F., Hecquet M., Janiaud N.
Abstract – In this paper, an induction machine design is optimized for an electrical vehicle. Driving
cycles are taken into account and the influence of the control strategy is studied. To keep
computational time low, the way to calculate driving cycle is discussed in the paper. Since the final
goal of the design optimization is to maximize vehicle range under some performance constraints,
three strategies are compared: design optimization on one operating point, on a driving cycle with
classic control, or with embedded optimized control.

268

TOPOLOGY DESIGN METHOD OF FLUX BARRIER IN IPM MOTOR BY MEANS OF GENETIC
ALGORITHM IMPLEMENTED BY MULTISTEP PROCEDURE
Okamoto Y., Tominaga Y., Wakao S., Sato S.
Abstract - This study derives a high performance flux barrier for an interior permanent magnet
(IPM) motor using binary-based topology optimization (TO). TO has a higher degree of
optimization than size or shape optimization. An IPM motor has many design parameters including
the current phase angle, core shape of rotor and stator, and magnet position and shape. The flux
barrier in an IPM motor plays a particularly important role, influencing several characteristics. We
apply TO, using a multistep genetic algorithm, to the rotor core in order to determine a flux barrier
with the highest torque performance.

Infolytica Presentation – IP
Time: 17:00 – 17:30
Session Chair: Vesna Arnautovski-Toseva
Dr. Cris Emson: "Magnetic Design Software – What’s New?"
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Poster Session 5 – PS5
Design and Computation of Specific Electromagnetic Devices
Time: 17:30 – 18:45
Session Chairs: Bojan Stumberger and Goga Cvetkovski
096

IMPROVED 3-D FEM MODELS OF RF ABLATION PROBES
Wiak S., Firych-Nowacka A.
Abstract – This article presents the concept of execution 3-D numerical models of probes for Radio
-Frequency (RF) ablation. There are many ways of executing ablation. Among them, RF ablation,
which may be carried out using straight electrodes [3,4] or electrode ending several curved
electrodes. The authors propose the creation of a comprehensive three-dimensional models for
curved electrodes probes, which will be used to optimize the construction of such a structure.

156

INNOVATIVE STRATEGY FOR DESIGNING ROTATING ACTUATORS – MOTORS CASE STUDY
K Smolka K., Wiak S.
Abstract – In presented work the Finite Element Methods combined with MATLAB was introduced.
This strategy enables changing of all parameters of a few types of magnetic motors and
electrostatic micromotors MEMS. Furthermore, this strategy allowed for taking advantage of
FEMM, namely possibility of calculations of complicated geometries without additional operations.

025

CALCULATION OF THE TRACTION FORCE FOR AN ELECTROMAGNETIC ACTUATOR WITH A
PRISMATIC PLUNGER
Zagirnyak M., Shvedchikova I., Velchenko A.
Abstract – a calculation expression for determination of the traction force of an electromagnetic
actuator with a prismatic plunger is found on the basis of the energy method and the solution of
Poisson equation by the variable separation method. It takes into account the distribution of
leakage flux in the space window. Correctness of the offered expression is confirmed by the
comparison of the calculation results with experimental data obtained at an industrial actuator.

045

3-D EDDY CURRENT ANALYSIS OF SEPARATE-TYPE TRANSFORMER COIL CONNECTED TO BATTERY
CHARGER
Katagiri H., Kawase Y., Yamaguchi T., Kobayashi S., Hirata K., Ota T., Suzuki S.
Abstract – The electromagnetic field of a separate-type transformer coil is calculated using the
three-dimensional finite element method in a parallel computing system on the Earth Simulator. It
is clarified that the AC resistance of the coil is decreased by the transposition of the parallel wires.
In addition, the efficiency under the condition of an actual drive is evaluated using the calculated
AC resistance.

056

THE ENERGY CONSUMPTION OF THE PERMANENT MAGNET DC MOTORS IN THE PHOTOVOLTAIC
TRACKING SYSTEM
Seme S., Stumberger G.
Abstract – This paper deals with the energy consumption of the permanent magnet DC (PMDC)
motors for photovoltaic dual axis tracking system. The electric drive which enables tracking is
considered as the loss of the energy produced in the dual axis photovoltaic system. The energy
consumption of the photovoltaic tracking system will be written as a function of the angle change.
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088

FEEDBACK CONTROL OF THE 2-DEGREE-OF-FREEDOM OUTER ROTOR SPHERICAL ACTUATOR
Sakaidani Y., Hirata K., Niguchi N., Tsukano M., Maeda S.
Abstract – To drive a conventional motor drive system, the number of degrees of freedom needed
has to be equal to the number of actuators employed, and this causes the system to be larger and
heavier. To solve this problem, development of a spherical actuator which can rotate around multi
axes is being conducted. In this paper, the feedback control method for the 2-degree-of-freedom
outer rotor actuator is proposed. Verification experiments are carried out to confirm the
effectiveness of the proposed control method.

111

OPERATING CHARACTERISTICS VERIFICATION OF AN INDEPENDENTLY CONTROLLABLE SPHERICAL
ACTUATOR
Maeda S., Hirata K., Niguchi N.
Abstract – We have been developing electromagnetic spherical actuators capable of three-degreeof-freedom rotation. However, these actuators require complex control to realize simultaneous
triaxial drive, because rotation around one axis interferes with rotation around another. In this
paper, we propose a new three-degree-of-freedom actuator where 3-axes rotation can be
controlled easily. The basic structure and the operating principle of the actuator are described.
Then the dynamic characteristics are computed by employing 3D-FEM and the effectiveness of this
actuator is clarified. Finally, the experimental results using the prototype of the actuator are
shown to verify the dynamic performance.

155

3D MODELING OF TOROIDAL COIL WINDINGS
Claiton-Goltz E., Eckert P.-R., Ferreira-Flores-Filho A.
Abstract – This work proposes a 3D geometric model to represent toroidal coil windings with
constant conduction area placed around a toroidal core with rectangular cross-section. Model
equations are presented in parametric form allowing easy description in CAD software. The
analytical solution for the geometric volume of coil allows one to determine the conduction
volume, the mean length of turn and resistance of the coil. A prototype of a slotless TORUS
machine was built in order to validate the theoretical results. The proposed model is
unprecedented and can also be applied to toroidal-core inductors and transformers.

177

A NOVEL HYBRID-TYPE MAGNETIC PARADOX PLANETARY GEAR
Morimoto E., Hirata K., Niguchi N.
Abstract – This paper proposes a novel hybrid-type magnetic paradox planetary gear that has
higher reduction ratio and manufacturability than conventional magnetic gears. The torque
characteristics of the hybrid-type magnetic paradox planetary gear are evaluated by using finite
element analysis. Finally, thetorquecharacteristics of the hybrid-type magnetic paradox planetary
gear are verified by carrying out measurements on a prototype.

264

A STUDY ON MAGNETIC FIELD IN A MAGNETIC SEPARATOR
Ciosk K.
Abstract – Measurement results of magnetic field in the gap of magnetic separator, which is used
for cleaning of fine-grain minerals from magnetic impurities are presented. Some results are
compared by the calculations and a relatively good agreement was obtained.
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032

STUDY OF ELECTROMAGNETIC FORCES COMPUTATION METHODS FOR MACHINE VIBRATION
ESTIMATION
Hallal J., Druesne F., Lanfranchi V.
Abstract – Audible noise of electric machines has become an important criterion in their design. A
good amount of these vibrations are from magnetic sources. In order to predict and control these
vibrations, a multi-physics numerical model (electromagnetic-dynamic) has been created. This
model proposed to calculate magnetic pressure by using Maxwell equations, on a path situated on
the air-gap. Global force is coming from stator rotor interaction; the computation of this force can
use the air-gap flux density regardless of a computation path in the air-gap. In this paper we will
evaluate the effect of the position of a fictive path on local magnetic force computation and
vibration behavior of the machine.

047

ADVANCED ANALYTICAL METHOD FOR DETERMINING THE EFFECTS OF ROTOR ECCENTRICITY
Domann N., Bode C., Henke M., Canders W.-R.
Abstract – An analytical model for determining the excitation field in a permanent magnet excited
machine under the influence of rotor eccentricity is presented. Both, static and dynamic
eccentricity is taken into account. Additionally, rather complex rotor orbits can be analyzed. The
results are compared with finite element calculations and can be used to deduce torque ripple and
lateral forces.

095

HARMONICS ANALYSIS TOOL OF RADIAL FORCE FOR PERMANENT MAGNET SYNCHRONOUS
MACHINE
La Delfa P., Hecquet M., Gillon F.
Abstract - This paper presents an analysis of the radial Maxwell forces in the air gap of a
concentrated winding for three-phase Permanent Magnet Synchronous Machine (PMSM). Many
configurations are available with different windings or different topologies of stator-rotor. Radial
forces versus time and spatial domains are the result of harmonics specific to the magnets, to the
armature, to the teeth and their interactions too. A prediction tool (Analytical Calculation of
Harmonic Force Orders - ACHFO) uses an analytical formulation; it gives the previous interactions,
their own frequencies. Then a comparison will be made with finite element (FE) results.

130

NOISE AND VIBRATION ANALYSIS OF A FAN MOTOR
Ogushi M., Shiohata K., Otsuka T., Yan Z.
Abstract – In this paper, the phenomena of vibration and noise caused by electromagnetic force
from a fan motor are investigated. As an approach to carry out this issue, first, vibration
characteristics of an non-operating fan motor are clarified in experimental modal analysis, next,
vibration and noise characteristics of the operating fan motor are clarified. Finally, influence which
fan has on an electromagnetic vibration and noise are clarified. As a result, a significant noise
occurs according to the resonance phenomenon with the harmonic ingredient of electromagnetic
force, and natural frequency of thrust direction of fan motor structure.
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145

VIBRATION AND ACOUSTIC NOISE PREDICTION IN AN 8/6 SRM USING COUPLED ANALYTICAL
MULTI-PHYSIC MODELS
Mechmeche H., Hecquet M., Gillon F., Tounzi A., Fritz G.
Abstract – The main advantages of the Switched Reluctance Motor (SRM) are its robust
construction and its low cost which makes this technology an attractive solution for traction
applications. However, one of its major drawbacks is the high mechanical vibrations and acoustic
noise. These vibrations and acoustic noise are mainly caused by the deformation of the stator
lamination stack due to its magnetic attraction to the rotor. The aim of this study is to build a
complete coupled multi-physic tool allowing the prediction of electromagnetic acoustic noise in an
8/6 SRM. The goal of such a tool is to be integrated in an optimization process. This tool is based
on 2D electromagnetic, vibration and acoustic models which are calculated through analytical
approaches. The vibro-acoustic analytical results are compared to those of a FE approach and good
agreements are obtained.

165

VIBRATION ANALYSIS OF PERMANENT MAGNET MOTOR WITH CONCENTRATED WINDINGS
Witczak P., Swiniarski J.
Abstract – Magnetic vibration forces in PM motor were obtained by finite elements analysis of 2D
magnetic field followed by 2D Fourier transform. The dominated modal components of force
spectrum were applied in 3D structural model preserving their rotational character.

204

INTERACTION BETWEEN NUMERICAL ANALYSIS AND ANALYTICAL APPROACH IN ORDER TO
REDUCE THE MAGNETIC NOISE PRODUCED BY A PERMANENT MAGNET MOTOR
Fakam M., Hecquet M., Lanfranchi V., Randria A.
Abstract –This paper presents a fast and accurate method based on identifying the air-gap
permeance and the source of magnetomotive force. The method is based on the coupling between
the analytical solution of magnetomotive forces thanks to resolution of Laplacian/quasi-Poisonian
equations in air-gap/magnet regions and numerical computation of the air-gap permeance by unit
area. The objective is to correctly estimate the air-gap flux density to assess the radial forces and
the electromagnetic noise. Some results and comparison between measurement and simulation
for the noisiest speed will be presented for a surface Permanent Magnet (sPM) Synchronous
Motor (PMSM).

255

THE UNBALANCE, ORBIT ANALYSIS AND EXPERIMENTAL VALIDATION OF A HIGH SPEED MOTORGENERATOR CONSIDERING A HIGH SPEED BALANCING
Hong D.-K., Joo D., Woo B.-C., Koo D.-H., Ahn C.-W.
Abstract – This paper deals with rotordynamics for the rotor of ultra high speed PM type
synchronous motor-generator for 500W rated micro gas turbine generator. This paper introduces
dynamic analysis, and experiment of the motor-generator. The focus is placed on an analytical
approach considering mechanical dynamic problem. It is essential to deal with dynamic stability in
an ultra high speed. Unbalance analysis by unbalance is considered to balancing sheet result by
balancing machine. The critical speed analysis is performed to determine operating speed with
sufficient separation margin in back-to-back system. The unbalance analysis by unbalance results
are compared with the experiment considering allowable vibration displacement (API 611) and
balancing grade (ISO 1940-1). Based on these results, a high-speed motor-generator is successfully
developed.
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AC ROTATING MACHINE RADIAL VIBRATIONS: A PRINCIPLE TO REDUCE THE PWM SWITCHING
EFFECTS
Szkudlapski T., Lecointe J.-Ph., Morganti F., Brudny J. F.
Abstract – This paper concerns the magnetic noise of AC machine variable PWM speed drives and
more particularly, the control of certain chosen radial vibrations generated by the switching and
responsible of very high magnetic noise components. The adopted strategy, when it is not possible
to change the switching frequency or to insert a filter, consists in making homopolar some chosen
switching harmonic three-phase systems at the origin of this undesirable phenomenon.

Gala Dinner: By-the-Pool
Bellevue Hotel
Time: 20:00 – 24:00
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CONFERENCE PROGRAMME
Saturday 14th September 2013
Poster Session 6 – PS6
Electromagnetic Phenomena in Electrical Power Systems
Time: 8:45 – 10:00
Session Chairs: Mladen Trlep and Jose Roger-Folsh
090

WIRE GROUNDING SYSTEM IN THE VICINITY OF THE PARALLELEPIPEDICALLY SHAPED SOIL
INHOMOGENEITY
Vuckovic D., Cvetkovic N., Ilic S., Tasic D., Krstic D.
Abstract – A method for analyzing the influence of the ground inhomogeneity shaped as
parallelepiped on the grounding system in its vicinity is presented in this paper. This analysis can
be used for approximating various types of ground inhomogeneities found in practice (roads,
building foundations, etc.). The applied procedure is based on a recently proposed numerical
method, the so-called hybrid boundary elements method, the Method of Moments, and the quasistationary image theory.

119

DESIGN OF GROUNDING SYSTEMS USING THE PROPER GENERALIZED DECOMPOSITION
Roger-Folch J.,Puche-Panadero R.,Pineda-Sanchez M.,Riera-Guasp M.,Perez-Cruz J.,Sapena-Bano A.
Abstract – The calculation of the impedance of a ground electrode under transient conditions, such
as in the case of injection of the high frequency currents contained within the wave front of a
lightning surge into a ground electrode, requires an extensive 3D numerical simulation, taking into
account displacement currents. In this paper a very fast method of performing such type of
simulations, based on the formulation of the problem in terms of 3D convolutions, computed with
the FFT, is proposed. Line, disk, ring and grid ground electrodes’ potentials in the space
surrounding the electrode are obtained easily with the proposed method.

256

TRANSIENT PERFORMANCE OF INTERCONNECTED WIND TURBINE GROUNDING SYSTEMS
Markovski B., Grcev L., Arnautovski-Toseva V., Kacarska M.
Abstract – We analyze the transient grounding characteristics of interconnected wind turbine
grounding systems, for fast rising current pulses. By increasing the number of wind turbines,
influences on the harmonic impedance and transient potential are examined for different soil
characteristics and different locations of excitation. Simulations are performed using simple model
of grounding system that neglects the foundation reinforcement. The influence of such
simplification for isolated wind turbines is analyzed in previous papers. Here we extend the
previous analysis for interconnected wind turbines and we look at the possibilities for optimization
of the transient analysis of extended grounding systems in wind farms.

266

TRANSIENT ANALYSIS OF GROUNDING SYSTEM AS SECOND ORDER TIME DEPENDENT PROBLEM
Trlep M., Jesenik M., Hamler A.
Abstract – This paper shows the use of FEM for a second order time dependent electromagnetic
field problem, around grounding systems (GS). Twenty-node isoparametric quadratic 3D finite
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element, three-node quadratic 1D finite element and a spatial transformation of the "infinite
space" into the finite space are all applied to achieve better accuracy. Time integration is
conducted with the Newmark algorithm.
009

MODERN ELECTRICAL POWER SOURCE ON NEW SYSTEM OF DISSIPATION AND RENEWABLE
ENERGIES SOURCES
Szymanski Z., Henryk K.
Abstract - Paper present's some solution of modern renewable energy system applied actually in
dissipation energy source: wind turbine, solar panel battery charge, SSS (support set system), and
standby diesel generator cooperated in series, parallel and hybrid system with main energy
system. It solution enable obtain independent individual energy source in different work
exploitations. Ones of problems concerned with alternative energy source is changes of output
voltages and output power dependence of climatic conditions. Possibilities solution is application
of decoupled adjustable speed generation system in renewable energy generation. The decoupled
generation system consists of: alternative energy source, internal combustion engine drives
permanent magnet generator and DC/AC, or AC/AC converter. Performance of single decoupled
generation set are discussed supported by results of laboratory tests. To provide high quality
voltage is applied an additional energy storage, made from super capacitor and bidirectional
DC/DC convert. Such system performs very stiff voltage in any load condition. Integration of solar
battery panels or renewable wind energy system is provided via DC link of the variable speed
decoupled autonomous generation system. Results of computer simulation and laboratory
experiments are presented in the paper.

179

OPTIMAL CAPACITOR PLACEMENT IN DISTRIBUTION NETWORKS FOR ENERGY LOSS REDUCTION
UNDER DISTORTED CONDITIONS USING INTEGER GENETIC ALGORITHM
Vuletic J., Todorovski M.
Abstract – The nonlinear integer problem of capacitors placement in distribution system is solved
with discrete values of capacitor sizes and selection of their locations. We use integer genetic
algorithm with controlled random initialization. The objective function is yearly system operation
costs including costs for energy losses and for capacitor installation. Nonlinear power flow
equations are solved iteratively using sparse representation of the voltage nodal equations where
the load variation is taken into account. In addition, harmonic sources are considered which are
modelled with constant current sources. The results show the importance of the load variation and
harmonics on the optimal solution.

191

A NEW METHOD FOR ENERGY METERING INCLUDING POWER QUALITY CONTROL THE CASE OF
HARMONICS IN THE TUNISIAN ELECTRICAL DISTRIBUTION NETWORK
Dakhli R., Ghodbane F.
Abstract- In this paper we propose a case analysis of problems related to harmonic disturbances in
electrical power systems with a purpose of introduction of appropriate standards and new rules to
control these disturbances with the collaboration between power suppliers and customers. In
order to mitigate harmonic disturbances in the distribution network, we propose a new method of
electric power metering. This method includes requirements of power quality control by
introducing measurements of new parameters such as true power factor and ‘True RMS’ values of
apparent and reactive energies.
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200

HIGH FREQUENCY COMPUTATION OF IMPEDANCE AND FIELD DISTRIBUTIONS OF GROUND
ELECTRODES USING SPATIAL 3D CONVOLUTION
Puche-Panadero R.,Pineda-Sanchez M.,Riera-Guasp M.,Roger-Folch J.,Perez-Cruz J.,Sapena-Bano A.
Abstract – The Proper Generalized Decomposition (PGD), recently presented, is able to find a field
solution of 3D problems by solving just three 1D problems, thus avoiding the curse of
dimensionality of 3D problems with dense meshes. Besides, it can find parametric solutions by
considering each parameter as an extra dimension, without performance penalties. These features
makes this technology specially suitable for designing grounding systems under transient
conditions, by using large, dense, uniform meshes in each spatial direction. Geometrical
dimensions, arrangements of the electrodes, soil conductivity, and other parameters can be
treated as additional dimensions, facilitating the exploration of different scenarios simultaneously
at design time.

212

MODELING OF INTERCONNECTED ELECTRIC TRANSMISSION NETWORKS FOR CONGESTION
MANAGEMENT
Krstevski P., Krkoleva A., Taleski R.
Abstract – This paper provides convenient solutions for creation of transmission network models
for power flow calculation for regional interconnected power systems. The creation of network
models is based on data provided from different Transmission System Operators (TSOs) in
standard data exchange format for this purpose. Also creation of forecasted transmission network
models is performed from existing so called snapshot models, thus reducing the amount of input
data that should be provided by the user. This automation of the model creating process facilitates
the work of the TSOs in the field of Congestion Management and Power System Operational
Planning namely in the procedures for Cross Border Capacity Calculation and Day Ahead
Congestion Forecast.

272

PROVISION OF ANCILLARY SERVICES BY IMPLEMENTING EPIDEMIC ALGORITHMS
Krkoleva A. , Borozan V., Krstevski P., Taleski R.
Abstract – The paper addresses the Smart Grids concept, with emphasis on the control strategies
developed on the basis of epidemic algorithms, more specifically, gossip algorithms. The paper
deals with three important Smart Grid aspects: the changed role of consumers in terms of taking
part in providing services within Smart Grids; the possibilities to implement decentralized control
strategies based on distributed algorithms; and information exchange and benefits emerging form
implementation of information and communication technologies. More specifically, the paper
presents a novel approach for organizing consumers for providing ancillary services by
implementing gossip algorithms.

113

EFFECT OF BURIED GROUNDING ROD AND SOIL CHARACTERISTICS IN HF TOWER MODELS
Arnautovski-Toseva V., Grcev L.
Abstract – Grounding rod is often disregarded in high-frequency modeling of vertical rods and
towers. In this paper we analyze the effect of such simplification on the current distribution. We
apply rigorous electromagnetic approach to a simple model of a vertical rod and its grounding
represented by a vertical cylindrical conductor that penetrates the soil. We compare the current
distribution in cases when grounding structure is buried in uniform or two-layered soil and when
the grounding structure is ignored. The results show the error that arises due to the ignored
grounding is small in the low-frequency and high frequency range.
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115

SHIELDING FROM EXTERNAL MAGNETIC FIELDS BY ROTATING MAGNETIC CONDUCTING
CYLINDRICAL SHELLS
Ziolkowski M., Gratkowski S.
Abstract – In many different engineering fields often there is a need to protect regions from
electromagnetic interference. According to static and low-frequency magnetic fields the common
strategy bases on using a shield made of conductive or ferromagnetic material. Another screening
technique uses solenoids that generate an opposite magnetic field to the external one. In this
paper we show that the shielding effect takes place also when a screen rotates with angular
velocity in external magnetic field. This paper treats in a quantitative way the possibility of static
and low-frequency magnetic field shielding by using rotating conducting and magnetic cylindrical
screens.

148

HIGH-IMPEDANCE ELECTROMAGNETIC SURFACES FOR ELECTROMAGNETIC INTERFERENCE
FILTERING FROM PRINTED CIRCUIT BOARDS
Dilettoso E., Salerno N.
Abstract – In this paper Finite Element simulations and Design of Experiments techniques are
employed to analyze a high impedance surface (HIS) with square patches used for electromagnetic
interference filtering from printed circuit boards. The effect of the geometrical parameters
variations on the resonance frequency and on the forbidden band-gap of the filter are discussed.
Finally, a different HIS with a modified patch pattern is proposed.

221

ENERGY CONSERVATION IN WIRELESS SENSOR NETWORKS
Srbinovska M., Dimcev V., Gavrovski C., Krkoleva A., Borozan V.
Abstract –This paper designs and deploys an environment monitoring system for precise
agriculture based on wireless sensor networks in vegetable greenhouse. The solution investigates
the possibilities of using sensor nodes and communication algorithms for data monitoring and
analyses for the purposes of precision control of production environment. The most important
factor to determine the life of a sensor network is the energy consumption. As sensor nodes are
battery – powered devices and may not be rechargeable, sensor node is facing the big challenge of
conserving energy.

Coffee Break
Time: 10:00 – 10:30
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Oral Session 5 – OS5
Computational Electromagnetics
Time: 10:30 – 11:45
Session Chairs: Ewa Napieralska-Juszczak and Theodoros Tsiboukis
023

ANALYSIS OF FINITE ELEMENT MESH DISCRETIZATION FOR FASTER AND MORE ACCURATE
PROBABILISTIC SIMULATIONS: APPLIED TO COGGING TORQUE CALCULATIONS IN ELECTRICAL
MACHINES
Offermann P., Hameyer K.
Abstract – The consideration of uncertainties in the numerical computation of electromagnetic
fields has recently gained a lot of attention [11]. Most publications focus on the creation of models
for the uncertainty propagation, however neglect the inaccuracy respectively uncertainty of the
applied finite element model itself. Mesh quality is one of the parameters determining the
numerical model’s accuracy. Hence, this paper analyses the influence of mesh accuracy at the
example of stochastic cogging torque variations, which are caused by magnetization uncertainties
in a permanent-magnet synchronous-machine. As a result, a method to calculate improved
probability predictions at minimum computational cost is presented and applied here.

267

METHOD TO REALISE UNIFORM CURRENT DENSITY IN MAGNETISING WINDING BY MEANS OF
REGULARISED ELECTRIC SCALAR POTENTIAL
Okamoto Y., Fujiwara K., Sato S.
Abstract - A numerical technique to realise a uniform current density vector is required for the
modelling of a stranded wire in finite element discretisation. This paper presents a technique to
realize a uniform current density using regularisation to achieve a stable convergence of the
conjugate gradient method with incomplete Cholesky factorization (ICCG). The proposed method
is mainly composed of two parts: determination of the current density by solving Poisson’s
equation and regularisation to assure the continuity of the current density. We have verified the
effectiveness of the proposed method by the application of a typical winding structure.

279

PROGRESSIVE EDDY CURRENT MODELING VIA A FINITE ELEMENT SUBPROBLEM METHOD
Dular P., Peron V., Krahenbuhl L., Geuzaine C.
Abstract – The modeling of eddy currents in conductors is split into a sequence of progressive
finite element subproblems. The source fields generated by the inductors alone are calculated at
first via either the Biot-Savart law or finite elements. The associated reaction fields for each added
conductive region, and in return for the source regions themselves when massive, are then
calculated with finite element models, possibly with initial perfect conductor and/or impedance
boundary conditions to be further corrected. The resulting subproblem method allows efficient
solving of parameterized analyses thanks to a proper mesh for each subproblem and the reuse of
previous solutions to be locally corrected.

114

TRANSVERSE FLUX INDUCTION HEATING OF THE MAGNETIC NONLINEAR SHEETS, THE NONMAGNETIC SHEET MODEL AND THE INFLUENCE OF THE SHEET LATERAL SIDES SCREENING ON THE
TRANSVERSAL HEATING NON-UNIFORMITY
Fireteanu V., Lombard P.
Abstract – This paper deals with the time domain and frequency domain computations of the
electromagnetic field in a transverse flux device for induction heating of magnetic nonlinear steel
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sheets. A non-magnetic sheet model of the magnetic nonlinear electromagnetically thin sheets is
studied. The coupling between an equivalent harmonic electromagnetic field and the field of the
sheet temperature in translating motion taking into account the temperature dependence of all
sheet properties is considered in the study of sheet transverse flux induction heating. The effect of
the electromagnetic and magnetic screening of the lateral sides of the sheet on the transversal
non-uniformity of the sheet heating is analyzed.
152

CALCULATION AND MEASUREMENT OF EDDY-CURRENT LOSS IN NDFEB MAGNET
Fratila R., Benabou A., Tounzi A., Mipo J.-C.
Abstract – NdFeB permanent magnets (PM) are widely used in high performance electrical
machines but their relatively high conductivity subjects them to eddy current losses that can lead
to magnetization loss. Finite Element (FE) method is generally used to quantify the eddy current
loss of PM but it remains quite difficult to validate the accuracy of the results with complex
devices. In this paper, an experimental test device is used in order to extract the eddy current
losses that are compared with those of a 3D FE model.

Poster Session 7 – PS7
Coupled Systems and Special Applications
Time: 11:45 – 13:00
Session Chairs: Antoni Ciesla and Mykhaylo Zagirnyak
001

IDENTIFICATION OF THE CONTACT RESISTIVITY DEPENDING ON THE DESIGN OF STRANDED CABLE
Zeroukhi Y., Napieralska-Juszczak E., Morganti F., Komeza K., Vega G.
Abstract – Multi-strand wound conductor exhibit lateral irregularities when loaded under
compression and rotation. The regularity of current redistribution is controlled by the transverse
resistivity. It is mainly determined by the contact resistance at the strand crossovers and interstrand surfaces contact resistance. The surfaces properties and in particular the crystalline
structure and degree of oxidation are key parameters in determining the transverse resistivity.
Experimental set-ups made it possible to find the dependence of contact resistivity as a function of
continuous working stresses and conductor design. A study based on the measurement and
numerical simulation is made to identify the contact resistivity depending on the conductor design
and technology. Changes in properties in the crushing contact zone were also taken in to account.

031

LOCAL OVERHEATING OF TRANSFORMERS WITH HIGH CURRENTS
Sitar R., Janic Z., Stih Z.
Abstract –Paper analyzes the impact of lead arrangements on losses and temperatures in
structural steel parts of three-phase transformers. Six different lead arrangements of low voltage
delta connected windings are considered in 3D FEM models. From calculation results it is possible
to understand advantages and disadvantages of different lead arrangements. The analysis is
finalized with a short presentation of the influence of magnetic shielding height on temperature
and loss values.
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083

SPECIAL ROTARY TRANSFORMER – CONTACTLESS POWER TRANSMITTER AND CONTROL DEVICE
FOR A CONTRA-ROTOR WIND TURBINE
Shchur I., Rusek A., Kovalchuk A.
Abstract – In a сontra-rotor wind turbine with the vertical axis of rotation (VAWT), a special threephase transformer was developed for contactless transmission of electric energy from the
synchronous generator with permanent magnets (PMSG) and rotating rotor and stator. The halfcore of this transformer with primary and secondary windings can rotate relative one to another.
One phase of such a transformer was developed, engineered, and studied. According to the results
of experimental studies, its computer stimulation model was designed. We built and study a
general computer model of an autonomous VAWT with a three-phase rotary transformer the
secondary windings of which have taps that are switched by triaks, providing quasi optimal control
of VAWT operation.

084

THE ELECTROMAGNETIC TRANSFORMER OF MECHANICAL ENERGY INTO HEAT
Makarchuk O., Rusek A., Shchur I.
Abstract – In order to reduce the cost of stand-alone vertical axes wind turbines (VAWT) and to
extend their functionality, this paper suggests accumulating wind energy in the form of heat. For
this purpose a special transformer of mechanical energy into heat (TMEH) was developed, which
operates on the electromagnetic principle. A simplified method for calculating the magnetic and
electric fields in the work parts of the TMEH was developed. The paper gives the results of its FEManalysis.

094

THE METHOD FOR MEASURING THE LOOP RESISTANCE AND THE TEMPERATURE RISE
CALCULATION OF GIS CONDUCTOR POLE
Zhou L., Lu T., Zhang B., Chen Y., Su Q.
Abstract – This paper studies the method for measuring the loop resistance of GIS conductor pole
basing on the super capacitor producing impulse current up to several thousand amperes. This
method overcomes the limitations of conventional diagnostic method. Typical GIS conductor poles
are chosen. Based on FEA and lab tests, the effect of different forms of current and contact
condition, relationship between the temperature of contact and the loop resistance is researched.
In full-scale testing under realistic operating conditions on the new 220 kV GIS using prototype
instrumentation a very good sensitivity in an early stage was obtained.

162

THERMAL STUDY OF AN INDUCTION MOTOR FED BY A FAULT-TOLERANT MULTILEVEL INVERTER
USING FEM
Baptista B., Mendes A., Cruz S.
Abstract – This paper presents a study of an induction motor fed by a fault-tolerant 3-level Neutral
Point Clamped (3LNPC) inverter, under normal conditions as well as after a post-fault
reconfiguration, following an open-circuit fault in the inverter. The thermal behavior and efficiency
of the motor are assessed, based on a magnetic and thermal model built using a finite element
method (FEM) software of the motor linked to a Matlab/Simulink model of the drive system. With
the developed tools, a better understanding of the motor behavior and performance is gained,
allowing to forecast scenarios and optimize fault-tolerant strategies for the drive.
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163

ELECTROMAGNETIC MODEL OF EV WIRELESS CHARGING SYSTEMS IN VIEW OF ENERGY
TRANSFER AND RADIATED FIELD CONTROL
Ibrahim M., Pichon L., Bernard L., Razek A.
Abstract – A wireless charging system for electric vehicle (EV) is considered. A 3D Finite Element
(FE) model of the inductive coupler is developed in order to compute the inductances and the
radiated magnetic field around the system. In addition, a circuit model associated to field
computation allows determining the electric behavior of the system during charging. Simulation
results are then validated by comparison with experimental measurements. The developed model
allows the design of the system considering the optimization of the energy transfer and the
radiated electromagnetic compatibility (EMC) compliance.

213

ANALYSIS AND MODELING OF DIFFERENT MAGNETIC COUPLING TOPOLOGIES FOR IPT BATTERY
CHARGING SYSTEMS
Marques E. G., Mendes A.M.S.
Abstract – Electric vehicles (EVs) have many barriers to its spread. One of them is the conventional
batteries charging systems since require the intervention of the user, making them an undesirable
solution. Inductive power transfer (IPT) is a hands free user charging system, which allows the
transfer of energy over a large air gap without physical contact. The aim of this work is to compare
two magnetic coupling structures and determine the most suitable for EVs charging systems.

231

CALCULATIONS OF HEAT TRANSFER COEFFICIENT AND EQUIVALENT THERMAL CONDUCTIVITY
FOR INDUCTION MOTORS THERMAL ANALYSIS
Komeza K., Lefik M., Lopez-Fernandez X. M.
Abstract – The paper describes calculations method of heat transfer coefficient for finned
induction motor housing and equivalent thermal conductivity for air zones inside this housing. The
method is based on Computational Fluid Dynamics (CFD). In addition, the results of thermal
calculations to verify calculated values of coefficient are presented.

232

DESIGN OF PERMANENT MAGNETS SYNCHRONOUS MOTORS INCLUDING THERMAL ASPECTS
Lefik M.
Abstract – The paper describes project of 3-phase permanent magnet synchronous motor
including thermal problems. Design of this motor is based on similar mass-produced 3-phase
induction squirrel cage motor. The results of calculations of both motors and the comparison are
presented.

010

CALCULATION OF CIRCULATING CURRENTS IN THE STATOR BARS OF TURBOGENERATORS
Adalev A., Korovkin N., Roytgarts M., Smirnov A.
Abstract – A method of calculation of circulating currents and power loss in the stator bars of
turbogenerators is presented. The method allows to create the model of a stator bar taking into
account an arbitrary transposition of elementary strands in the slot and end zones of the bar. Twoand four-column regular types of transposition have been involved in the computer program
realizing the method. Some preliminary calculation results for the turbogenerators of 160 and 220
MW have been obtained.
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035

EFFECT OF THE SPECIFIC RESISTANCE OF ELECTRICAL SHEET ON OVERVOLTAGE IN THE
ASYNCHRONOUS MOTORS FED BY PWM-CONVERTERS
Belassel M.-T.
Abstract – In this work we presents a method of calculation of the undulatory parameters and
study of the effect of the specific resistance of the electrical sheet on overvoltage in the
asynchronous motor fed by PWM-converter. A mathematical model and modeling results for wave
processes in section of the multiturn random winding of the induction motor with a cage rotor are
presented, for two values of the specific resistance of the magnetic sheet.

048

IMPLEMENTATION OF NOVEL TOPOLOGY BASED TRANSFORMER MODEL FOR ANALYSES OF LOW
FREQUENCY TRANSIENTS
Mousavi S. A., Krings A., Engdahl G.
Abstract –This paper presents the implementation of a novel topology based transformer model
for low frequency electromagnetic transients. The propose of modelling is to study transient
phenomena due to interaction of power transformers and the network such as inrush current,
ferroresonance and DC magnetization. The suggested model for power transformer is applicable
for any core topology and for multi winding constructions.

106

AGING MONITORING OF ELECTRICAL MACHINES USING WINDING HIGH FREQUENCY
EQUIVALENT CIRCUITS
Savin S., Ait-Amar Djennad S., Roger D.
Abstract – This study defines a monitoring method based on impedance analysis in the upper part
of the spectrum. It focuses on the analysis of the high frequency behavior of windings considering
the turn-to-turn capacitance variations (delta-C) due to insulation aging. An equivalent circuit is
automatically generated from the turn arrangements in coils; parameters are computed
considering the coil shape and the characteristics of insulation materials. PSpice analysis of the
equivalent circuit yields the resonance frequencies to be monitored. With this software and a
database giving the relationship between the turn-to-turn capacitance variation delta-C and the
reduction of insulation performances due to aging, it is possible to build a monitoring system able
to produce an alert when the probability of failure becomes higher than a predetermined level.

124

CURRENT DISTRIBUTION ANALYSIS ALONG A CONDUCTOR EXCITED BY A PULSE SOURCE USING
PARTIAL ELEMENT EQUIVALENT CIRCUIT METHOD
Kuhar A. Jankoski R., Arnautovski-Toseva V., Ololoska-Gagoska L., Grcev L.
Abstract – In this paper the time shape of a current pulse along a conductor is investigated by
applying the Partial Element Equivalent Circuit (PEEC) method. The pulse is injected by a current
source at one end of a perfect conductor placed in a conductive medium. Implementing the thin
wire approximation, the current distribution is calculated in the frequency domain, while the time
shape of the pulse is reconstructed using Inverse (Fast) Fourier Transform (IFFT). The developed
model is verified by comparison with results found in other literature and shows satisfactory
agreement.
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230

ANALYSIS OF OPERATION OF A SINGLE-PHASE SELF-EXCITED INDUCTION GENERATOR BY A FIELDCIRCUIT MODE
Makowski K., Leicht A.
Abstract –The presented paper concerns the field-circuit computation of the steady-state
performance of a self-excited single-phase induction generator. For the analysis the field-circuit
model was implemented using Flux2D software package. The steady-state operation of the
generator was simulated for different capacitor topologies in the stator windings. A computational
investigation of the capacitor configurations in the main stator winding on terminal voltage and
stator winding currents under resistive load at constant rotational speed of the generator was
performed.

Closing Ceremony
Time: 13:00 – 13:45
Session Chairs: Lidija Petkovska and Slawomir Wiak
 Closing Remarks
 Best papers awards: COMPEL (J. Sykulski); PE (S. Tumanski);
PTZE (A. Krawczyk)
 Time for ISEF'2015
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INFORMATION FOR AUTHORS
The full papers accepted for presentation and included in the programme of ISEF'2013 will be
published in the Conference Proceedings on USB with ISBN. We are pleased to announce that a
selected number of papers following a new reviewing procedure, extended and/or improved if
necessary, will be published in post-conference issues. No-show papers are not eligible for postconference publication. In some cases, the publishing paper fee will be passed to the authors. The
list of journals and monographs is quite impressive and of high ranking.
1.
2.
3.
4.
5.

COMPEL The International Journal for Computation and Mathematics in Electrical and
Electronic Engineering
Sensors Journal
International Journal of Applied Electromagnetics and Mechanics (IJAEM)
SPRINGER Series "Studies in Computational Intelligence" (SCI)
Electrical Review – PE (Przeglad Elektrotechniczny)

PAPER PRESENTATION
The format of paper presentation (Oral or Poster) has been posted on the conference Website. No
distinction in paper quality is made between these two formats.

Oral Sessions

Timing: Oral presentations are allocated 15 minutes, for the talk (10-12) and for discussion (3-5).
Session timing and indication of the papers can be found in the Technical Programme. Session
Chairs are kindly invited to strictly enforce the time limits.
Format: Video projector as well as a laptop will be available in the conference room. Oral
presentations should be prepared in Microsoft Power Point (*.ppt; *.pps) or Adobe Acrobat
(*.pdf) format.
Presentation: You are kindly invited to hand your presentation on the USB at least 15 minutes
before the session is scheduled. An assistant will be present in the room to receive and upload
your file(s) and to provide the technical support if needed. The presenter should "check-in" with
the session chair to provide name, title and affiliation.

Poster Sessions

Timing: Poster presentations are allocated in 75 minutes Please arrive at least 15 minutes ahead
of the scheduled poster session to arrange your poster and to check that all necessary supplies
are present. You are kindly asked immediately after session to remove your poster from the
board.
Format: Boards will be at your disposal in the poster room. Pins will be provided by the
conference organisation. Before the session begins, an assistant will place paper number –
consisted of the Session number and your paper ID# – on the top-left of the board. Prepare your
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poster to fit the dimensions of the board: width 75 cm and height 150 cm. Your paper title and
authors' names with their affiliation should be displayed prominently across the top of your
poster. Use an appropriate font size, allowing a poster to be readable by delegates from a
distance of 1.5 m.
Presentation: During the session, at least one presenter from the list of authors should be present
at the poster and capable to discuss with delegates and visitors. Failure to attend or adequately to
explain the content will result your poster to be deemed as "not-presented". Session chairs will be
responsible for determining which papers have been presented.

PAPER AWARDS
We have a great pleasure to inform that 3 awards will be delivered during the Closing Ceremony:
1.
2.
3.

COMPEL Award for best paper presentation of a young researcher – PhD student.
PE Award for best overall paper, presenting the most innovative and most attractive
application of electromagnetic field in electrical and electronic engineering.
PTZE Award for the best paper on biomedical applications of electromagnetic field,
revealing the most innovative solution of a bioelectromagnetic problem.

For more details visit: http://isef2013.feit.ukim.edu.mk/Prizes.html .

ISEF’2013 Conference Programme

53

SOCIAL EVENTS
Welcome Reception
The Welcome Reception will be organised at the location of St. Naum Monastery, the
southern point of the Ohrid Lake, and an authentic historical place with amazing nature.
The distance from the Metropol Lake Resort is around 20 km. The served food will be of
local specialities, prepared in a traditional old-fashioned way. The participants will be
transferred by coach.

Nearby, on a small picturesque island, just next to the unique springs of the Lake and
surrounded by the exceptional nature, the Restaurant 'Ostrovo' (Island) is situated, the
place where the Welcome Reception on September 12th, will be organised. The inside
and the covered part of the restaurant has a capacity for 200 persons, but during the
season (from April till October) the whole island becomes a large summer garden where
over 300 guests can enjoy in a beautiful scenery, under the shadows of willows and old
oak trees.

54

ISEF’2013 Conference Programme

After the welcome drink, at the entrance of the restaurant, an unforgettable cruise by a
small oared boat (kajtche) along the wellsprings of the River Crn (Black) Drim and Ohrid
Lake will be offered to the guests. The trip of around 700 m in length lasts 25–30 min,
and one can see 30 underwater, 7 main and 15 coastal springs that make a small natural
lake, forming the River Drim and flowing into the Ohrid Lake. These clear springs are
considered to be “the Mother” of Ohrid Lake. The altitude of the springs is 693 m. The
deepest point of the water is 3.5 m, but due to the water transparency and unbelievable
clearness, the impression is as to be less than 1 m. The average water temperature is
between 10–12°C. The springs are housing endemic flora and fauna; unique small water
turtles can be seen from June till October.
In the restaurant one can feel the taste of the original Macedonian traditional food,
accompanied by marvellous scenery. For the dinner the best known traditionally cooked
specialties and the exquisite Macedonian wines will be served.
To bring closer to the conference participants the Macedonian national culture and
tradition, a show will be performed during the dinner. The evening of good food and
drink will be completed by Macedonian folk dances and music.

The owner of the restaurant is Risteski family. They produce and sell high quality
jewellery from the famous and unique Ohrid pearls and silver crafts, and will kindly show
you their remarkable products.
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Gala Dinner
The conference Gala Dinner will be organised on the 13th September 2013 by the pool of
Bellevue hotel. In the case of unpleasant weather conditions, the dinner will be served in
the restaurant on the ground floor of the same hotel, or in the nightclub, located in the
basement. A gentle musical entertainment will make nice atmosphere during the dinner,
while the evening will finish with dancing music.

Accompanying Persons
On Friday for the registered accompanying persons a particular program, with visits to
the most famous landmarks of Ohrid city, will be organised. The details will be given
during the conference registration, and at the conference Registration. Several optional
post-conference tours in Ohrid and surroundings organised on Saturday and Sunday
upon payment of the additional cost are available. The details of the visits, including the
route, service, duration and price, will be available at the Registration desk.

Tours (Optional)
On Thursday and/or Friday the official conference HGR Agency for the participants will
offer a guided tour to Ohrid city and visits to the most famous landmarks and historical
places. The details will be given during the conference registration at the HRG Help desk.
Several optional post-conference tours in Ohrid and surroundings will be also offered,
and will be organised on Saturday and Sunday upon the registration and payment of the
additional cost. The details of the visits, including the route, service, duration and price,
you will find at the Registration desk.
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SPONSORS
Conference ISEF’2013 is sponsored by:

Macedonian Power Plants
Mako Cigre - Macedonian National Committee of CIGRE
IEEE Republic of Macedonia Section

IEEE Power Electronics Society

SKOVIN Winery

EXHIBITORS
Infolitica

The exhibition will take place in the Labino Hall.
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ABOUT OHRID
353 BC

The name of the city of Ohrid up to the arrival of the Slavs was known as Lichnydos. This is the
year in which for the firs time the name of Lichnydos appears in the documents of Philip II.

879 AD

Is the year in which in official documents the name of the city appears to be Ohrid.

990 AD

Between 990 and 1015, Ohrid was the capital and stronghold of the Samoil's medieval
Macedonian state. From 990 to 1018 Ohrid was also the seat of the Ohrid Patriarchate. After the
Byzantine conquest of the city in 1018, the Patriarchate was downgraded to an Archbishopric
and placed under the authority of the Ecumenical Patriarch of Constantinople.
The medieval city of Ohrid has always been a significant cultural and economic centre, which
encompasses and extraordinary combination of natural beauty and human art. Squeezed in the
rocks on the north side of the lake, between the walls of preserves the secrets of many
civilizations - the ancient (antique) theatre, the early Orthodox basilicas, numerous churches
th
th
built between the 9 and the 14 century, more than 100 square meters fresco memoirs, a rich
gallery of icons, manuscripts and other rarities.
th
th
At the end of the 9 century and the beginning of the 10 century, due to the activity of Saints
Clement and Naum of Ohrid, Ohrid was the oldest cultural temple in the world of the Slavs.
There, they created the first Slavic University, one of the earliest universities in Europe. It was
the first origin of the Slavic literacy and culture. Ohrid is credited as being the birthplace of the
Cyrillic alphabet, which was most probably created by St. Clement of Ohrid that further reformed
the Glagolic alphabet created in turn by the brothers St. Cyril and Methodius.

1083 AD

Bohemond and his Norman army took the city in 1083. In the 13 and 14 century the city
changed hands between Despotate of Epirus, Bulgaria, Byzantine Empire and Serbia.
As an episcopal city, Ohrid was an important cultural center. Almost all surviving churches were
built by the Byzantines, the rest of them date back to the short time of Serbian rule during the
late Middle Ages.
It is said that there used to be 365 churches in Ohrid - one for each day in the year. The fact that
Ohrid had been an object of desire for many kings, archbishops, speaks for it self, challenging the
th
curious ones to visit it to nowadays. The beautiful architecture of the 14 century in the old part
of the city, with its narrow city streets creates a sense of unique harmony and beauty. Its beauty
and virtuosity attracts the attention not only of tourists but of many experts as well. One special
cultural monument of Ohrid is the old Bazaar - old shops rich with crafts products - filigrees,
pearl, copper, pipes...

1389 AD

At the end of the 14 century it was conquered by the Ottomans and remained under them until
1912. The Christian population declined during the first centuries of Ottoman rule. In 1664 there
th
were only 142 Christian houses. The situation improved in the 18 century when Ohrid emerged
as an important trade center on a major trade route. During the Ottoman period, the town was a
part of the Monastir Sandzak, with a seat in Bitola.

1767 AD

The Ohrid Archiepiscopate was forcefully abolished, and its eparchies attached to the
Constantinople Patriarchate.

1913 AD

After the Balkan Wars and the division of Macedonia (1912-1913), Ohrid became a city in the
new Serbian kingdom.

1914 AD

Later during the 1st Wrld War (1914-1918), the line of Macedonian front was passing by the city.

1939 AD

During the 2nd World War (1939-1945), Ohrid was under Bulgarian occupation.

1958 AD

In this year The Macedonian Orthodox Church was re-established.

1980 AD

In 1980, Ohrid and Lake Ohrid were accepted as a World Heritage Site by UNESCO.
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Interesting places and landmarks of Ohrid

Samuil’s Forthress

St. Sofia Church

Ancient Theatre

St. Clement’s Curch - Plaosnik

The house of famous Ohrid family - Robevi

Narrow streets of Ohrid
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PRACTICAL INFORMATION
Currency
The currency on Macedonia is denar (MKD) pronounced "denars". In general it is not
possible to pay in Euros in shops or restaurants, although in some places they do accept
payment with Euros. Foreign currencies can be very easily and safely changed in banks or
exchange offices. The exchange rate, at the time this booklet is printed is 1 EUR = 61.50
MKD, and 1 USD = 49.00 MKD.

Electricity
The electricity standard in Macedonia is 230 Volts AC, 50 Hz. For plugs and sockets,
please consult the reception desk at your hotel.

Time
Macedonia belongs to the Central European Time (CET) zone. CET is 1 hour ahead of
Greenwich Mean Time (GMT+1). During summer, due to daylight saving, time is shifted
forward by one hour (GMT+2).

Weather
The climate around the Lake Ohrid is classified as a local-continental type. Medium
annual temperatures average to 11.4° C. Medium monthly temperatures average reach
to about 21.2°C in July and August, while 34.4°C was being the absolute maximum in
August. The lowest medium monthly temperature amounts to 1.5 degrees in January,
whereas -17.2°C is the absolute minimum. The average annual rainfall amount in the
Lake basin is approximately 759 mm. September in Ohrid is usually mild and pleasant.
The water temperature in the deepest layers of Lake Ohrid is approximately 6°C, whereas
the surface layers may warm up to 24°C, and even to 26°C closer to the shore. At the
beginning of September the water of Lake Ohrid is still warm enough for swimming.
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Telephones
The international access code to Macedonia is +389 and the prefix for Ohrid is (0)46,
while for Skopje the prefix is (0)2.To dial an international number from Macedonia you
need to precede your country code with 00 (double zero). There are three mobile phone
providers: T-Mobile, One and Vip.

Security
-

Police telephone number
Ambulance telephone number
Fire brigade telephone number

192
194
193

Foreign Languages
Most of the people in Macedonia understand and speak the English language. Some
people also can understand and speak French, Spanish, Italian and German. Elder people
also understand and speak the Russian language.

Comon prases and usful words
English
Good morning!
Good afternoon!
Hello!
What are you doing?
How are you?
I'm fine.
Here you are.
How much does it cost?
Thank you.

Macedonian Translation
- Latin Script

Macedonian Translation
- Cyrillic Script

Dobro utro!
Dobar den!
Zdravo!
Sto pravis?
Kako si?
Dobro sum.
Povelete.
Kolku chini?
Blagodaram.

Добро утро!
Добар ден!
Здраво!
Што правиш?
Како си?
Добро сум.
Повелете.
Колку чини?
Благодарам.
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Goodbye!
Cheers!
Excuse me/I'm sorry
Yes
No
Go left
Go right

Prijatno!
Na zdravje!
Izvinete.
Da
Ne
Svrtete levo
Svrtete desno

Пријатно!
На здравје!
Извинете.
Да
Не
Свртете лево
Свртете десно
Одете право
Еден, два, три, четири, пет,
шест, седум, осум, девет, десет

Hundred

Odete pravo
Eden, dva, tri, chetiri, pet
shest, sedum, osum, devet,
deset
Sto

Thousand

Iljada

Илјада

Go straight ahead
One, two, three, four, five,
six, seven, eight, nine, ten

Сто

Dining in Ohrid
Restaurants in Ohrid bring traditional Macedonian cuisine and culture. Restaurants in
Ohrid also offer a large selection of international and national beer and a specially
selected wine list with mouth watering gourmet dining. Enjoy a romantic sunset dinner
along the beautiful transparent waters of Lake Ohrid.
For a nightcap and more relaxed setting you can also visit the cafés which offer a variety
of specialty coffees and European pastries. All cafés in Ohrid have an enclosed or
outdoor section extending onto the Ohrid famous charsija or along the lake. All
restaurants and cafes within walking distance or short cab ride away from each other.
Ohrid has a reputation for Great Food and Service at Reasonable Prices.

Cuisine and Wine
Macedonia has a long and praised tradition of culinary delights. Over the centuries, many
civilizations have enjoyed the produce of its fertile soil. Having avoided negative
influences of urbanization, Macedonia remains the agricultural heartland of the Balkans,
filled with a wonderful variety of foodstuffs native to both Mediterranean and Central
European climates. In fact, few countries as small as Macedonia can offer such a variety
of products including everything from citrus fruits, grapes and hazelnuts to tobacco, rice
and unique types of mountain teas.
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In addition, Macedonia is also rich in meat, producing beef, chicken, pork and lamb, and
a whole range of game. Macedonia’s many lakes yield a variety of freshwater fish, most
famous of all being Lake Ohrid Trout. As a dairy producer, Macedonia is especially well
known for its cheese: semi-hard white cheese (sirenje), similar to other Balkan countries;
yellow cheese (kashkaval), similar to Italian Locatello Romano, as well as sour thick drink
yoghurt and milk. Every Macedonian village offers unique and tasty local varieties.
Macedonia is also famous for its wines, produced by unusually high quality grapes, such
as Vranec, classic Cabernet Sauvignon, and mellow Merlot. Today, several small boutique
wineries in Macedonia produce delectable red and white wines comparable to any
French, Spain, Italian or California vintages. Besides their wines, Macedonian vintners
produce fiery brandy - rakija and mastika. Products of Macedonia breweries are
enthusiastically guzzled by tourists and locals alike. Traditional Macedonian cuisine
combines Balkan and Mediterranean characteristics, inherited largely from Turkish tastes
that prevailed during long centuries of Ottoman rule. Some specialties, such as taratur
(sour yogurt with bits of cucumber), pindzur (cream salad with baked and mashed
peppers, tomato and eggplant) and the world-famous baklava are characteristic of
Balkan cuisine in general. Other Turkish-influenced dishes include grilled beef kabobs and
the omnipresent burek, a flaky sort of pie filled with ham, cheese, spinach, ground beef
and combinations thereof. Macedonian dishes like tavche gravche (baked beans),
shopska salata (a salad made of sliced tomato, cucumber and onion, topped with ground
soft white cheese), selsko meso (pork chops and champignon mushrooms in a rich brown
gravy), pastrmajlija (a sort of pizza topped with meat and sometimes egg) and, above all,
ajvar (the national sauce, made from sweet red peppers).

Shopping in Ohrid
Most popular items to buy in Ohrid are traditional Macedonian musical instruments,
filigree jewellery, woodcarvings, items made from copper, or a CD with authentic
Macedonian music, can be brought home to refresh your memories of your visit. The
Talevi and Filevi are famous Ohrid families, and including Ristevski our host at Welcome
reception, that make the best genuine Ohrid pearl necklaces, earrings and broaches; they
carried over this handcraft down from one generation to another. Ohrid pearl is created
from scales of the fish called Plasica ('frightened').
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Places to Visit in Ohrid
Historical Sites
St. Sophia
A large church with compound foundations and a complex history, St
Sophia is one of the most impressive medieval buildings in Ohrid. The
church was the centre of the Ohrid archiepiscopacy, which once had
jurisdiction over the regions of the Danube, Thessalonica, and
Albania. It is believed that it has been built or rebuilt on the grounds
of an early Christian basilica between the years 1035-1056, the church
is one of the best representatives of Macedonian religious
architecture.
During the time when Macedonia was part of the Ottoman Empire, the church was
turned into a mosque and the frescoes were covered with plaster – thus luckily
preserving them for future generations. After World War II, the church was restored and
the frescoes that date from the Byzantine period (11th -14th centuries) were revealed
and cleaned. Since its builders blessed it with wonderful acoustics, the church of St
Sophia and its front yard are a main site for the annual Ohrid Summer Festival.
Plaosnik
Located in Ohrid’s old town, Plaosnik is an utterly
unique phenomenon: it was recently reconstructed,
with loving attention to detail, precisely in the style
of a Byzantine church, right down to the red bricks
and mortar.
An early Christian sacral building dating from the 5th century was discovered here, built
over the remains of an older antique building whose cistern was found in the atrium of
the newly built temple. Today, Plaosnik is one of the most exhilarating Byzantine-style
churches in Macedonia. Its floor is covered with mosaics of twenty wave-shaped tassel
interspersed with the figures of flowers, birds and animals. The very fact of its
reconstruction is evidence of the strong affection Macedonians still feel for their
Byzantine heritage.
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St. John Kaneo
Just above a small fishing settlement, on a cliff rising
up from Ohrid Lake, stands one of the most
magnificent churches in all of Macedonia. Built in the
honor of St. John the Theologian, St. Kaneo with its
sublime atmosphere and views of the placid lake
below remains an inspiring place for spiritual
contemplation.
The church, which was consecrated at the end of the 13th century, was built on a
rectangular stone base. Its exterior is decorated with ceramic decorative sculptures and
stone carvings. Though the fresco painters are unknown, the fragments that have been
preserved are of exceptional quality; The Communion of the Apostles and the portraits of
St. Clement, St. Erasmus and Constantine Kavasilas especially stand out. An
extraordinarily unique construction, built as it is from a combination of Byzantine and
Armenian architectural styles, St. Kaneo is indeed one of the most beautiful churches in
Macedonia and in the whole Balkan region.
Antique Theater
The builders of Ohrid’s ancient theater calculated
carefully when they put the building in the very center
of the elevated old town. The open theater has a
perfect location, as the two hills (Gorni Saraj and
Deboj) keep it protected from winds that could
interfere with acoustics during performances.
Discovered by accident and later completely excavated, this four-thousand square meter
monument to Antique Greco-Roman culture is today used during the Ohrid Summer
Festival for performances of ancient tragedies and comedies. It offers a wonderful view
of the lake and Mt. Galicica to the southeast.
St. Naum
The monastery of St. Naum, set amidst lush
verdure where the River Crn Drim tumbles into
the lake, is a refuge of tranquillity at the very
corner of the Macedonian Republic. Situated 29
km (18 m) from the town of Ohrid, and only 1
kilometre (0.6 m) from the Albanian border, the
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monastery brings the Macedonian experience to a dramatic culmination. As with most
Byzantine churches, St. Naum was chosen primarily for its location – on a high, rocky
outcropping over the lake, above deep forests and the life-giving springs of the Crn Drim.
The monastic complex and church of St. Naum were built originally at the turn of the
tenth century by the monk of the same name. Macedonians believe you can hear the
Saint’s heartbeat by pressing an ear to his stone coffin inside the church. The monastery
has been renewed and enlarged several times over the centuries. While most of its
iconostases and frescoes date from the 16th and 17th centuries, earlier etchings in the
Byzantine Greek vernacular also remain. But numerous orthographical mistakes indicate
that they were written by Slavic-speaking local monks. Other inscriptions in the church
make up some of the oldest epigraphic evidence of Slavic literacy. The icons of St. Naum
are among the best achievements of religious painting in the Balkans. They date from the
first half of the 18th century. The wood-carved iconostasis itself was made in 1711 by an
unknown artisan. A final unusual element of St. Naum is located not on the inside of the
church but on the outside: the preponderance of multi-colour peacocks strutting around
and luxuriating in the grass.
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