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BERECZKI PETER

Dunaiijvdrosi Egyetem, Miiszaki Intézet
E-mail: bereczkip @uniduna.hu

ULTRAFINOM- ES NANOSZEMCSES ALUMINIUM
OTVOZETEK LABORATORIUMI ES IPARI FEJLESZTESE

Osszefoglalds: A Dunatjvirosi Egyetemen az utébbi tiz évben vég-
rehajtott, anyagtudomdnyi témdja K+F+I projektek keretében az
ultrafinom- és nanoszemcsés fémotvozetek elddllitdsaval és vizsgdlata-
val kapcsolatosan kiterjedt és sikeres kutatdsi tevékenység keriilt meg-
valdsitdsra. Az EFOP-3.6.1-16-2016-00003 szdmu palydzat 1-es ku-
tatécsoportjdnak programja ezen eredmények bdzisdn kivinta tovabb
gyarapitani a miszaki anyagtudomdny e teriiletének ismeretanyagit.
Az utébbi 40 évben az intenziv képlékeny alakitds (SPD — Severe
Plastic Deformation) technikai megvalésitdsdra szimos megoldds szii-
letett. Ezek kozott kitiintetett helyet foglal el az an. t6bbirdnyd ko-
vécsolds, amely ultra-finomszemcsés tombi anyagok elddllitdsdt teszi
lehetévé. Bebizonyosodott, hogy az intenziv képlékeny alakité mive-
letekkel Gjszert tulajdonsdgegyiittest mutaté fémes anyagok dllithaték
elé. Kutatémunkdnk egyik meghatdrozé berendezése a Gleeble 3800
termo-mechanikus szimuldtor, amellyel a tobbtengelyt kovacsolds jol
szabdlyozhaté mechanikai és hémérsékleti paraméterek mentén hajt-
haté végre. Emellett, a laboratériumi alakitdsi kisérletek eredményeit
felhasznalva, nagyobb méretti darabok kovécsoldsdra alkalmas szersza-
mot is terveztiink és gydrtattunk, amellyel mér Gn. féliizemi kovacsold-
si kisérleteket tudtunk végrehajtani. Kovécsolasi kisérleteink alapanya-
gdul extruddlt, EN AW-6082-es és EN AW-7075-6s, illetve melegen
el6hengerelt EN AW-5182-es aluminiumétvozeteket hasznaltunk.
Egyfell a tobbtengelyli kovécsolds laboratériumi kisérleteinek
folytatdsdval, az intenziv képlékenyalakitds kiilonb6z8 paramétere-
inek szemcsefinomité hatdsat, illetve a mikroszerkezet 4talakuldsa
kozben lejatsz6dé deformdciés mikré- és makré-mechanizmusokat
fogjuk vizsgdlni. Mdsrészt, a laboratériumi mérések sordn optimalizilt
technolégiai paraméterekkel olyan ipari kisérleteket hajtunk végre,
amelyekkel nagyobb méretli ultrafinom-, illetve nanoszemcsés fémes



szerkezeti anyagok dllithatéak el8. A laboratériumi vizsgdlatokbdl szdr-
maz6 eredmények lehetdvé teteék a féliizemi mintdk mikroszerkezeti
és mechanikai tulajdonsigainak tudatos médositdsdt, elésegitve az ult-
ra-finomszemcsés anyagok eldéllitdsdhoz szitkséges, hatékony alakitds-
technolégidk tervezését.

Abstract: In the framework of R & D & I material science projects,
extensive and successful research activities related to the producing
and investigation of ultrafine-grained and nanostructured metallic al-
loys have been carried out in the last ten years, at the University of
Dunatjvéros. Based on these results, the scientific program of the Ist
Research Group from EFOP-3.6.1-16-2016-00003 subsidy aimed to
further increase the knowledgebase of this research area from materi-
als science. In the last 40 years, several experimental techniques have
been developed to realize the Severe Plastic Deformation (SPD) pro-
cess. Among them, an emphasized technique is the multiaxial forg-
ing which allows to produce bulk ultrafine-grained materials. It was
proved that combinations of novel and unique material properties can
be achieved using SPD techniques. One of the most important devices
of our research work is the Gleeble 3800 thermo-mechanical simula-
tor, with which the multiaxial forging process can be performed along
well-controlled mechanical and temperature parameters. In addition,
based on the results of laboratory experiments, we designed and man-
ufactured a tool, which was suitable for forging larger samples and
allows to perform semi-industrial forging experiments. Extruded EN
AW-6082 and EN AW-7075 and hot pre-rolled EN AW-5182 alu-
minum alloys were used as raw materials for our forging experiments.
On the one hand, by continuing the laboratory experiments of multi-
axial forging, we studied the effect of different SPD’s parameters on
the grain refinement and the deformation micro- and macro-mech-
anisms occurring during the evolution of microstructure. On the
other hand, we carried out semi-industrial experiments to produce
ultrafine-grained and nanostructured metallic materials in larger scale,
using the optimized technology parameters, derived from the labo-
ratory measurements. The results of laboratory studies have made it
possible to consciously modify the microstructural and mechanical
properties of the semi-industrial samples, facilitating the design of ef-
ficient forming technologies to produce ultrafine-grained materials.



BERECZKI PETER

A TOBBTENGELYU KOVACSOLAS ALAKITASI SEBESSE-
GENEK HATASA AZ AL-MG-S1 OTVOZET MECHANIKAI ES
MIKROSZERKEZETI TULAJDONSAGAIRA

Osszefoglalds: Az utébbi 40 évben az intenziv képlékeny alakitis
(SPD — Severe Plastic Deformation) technikai megvalésitdsira szimos
megoldis sziiletett. Ezek kozott kitiintetett helyet foglal el az tin. tobb-
irdnyt kovicsolds, amely ultrafinomszemcsés tombi anyagok el8allitd-
st teszi lehetévé. Bebizonyosodott, hogy az intenziv képlékeny alaki-
t6 miveletekkel Gjszer(i tulajdonsigkombindciéju anyagok dllithaték
els. Kovdcsoldsi kisérleteink alapanyagdul extruddlt, EN AW-6082
tipust otvozetet vélasztottunk, amelyet oldé hékezelésnek vetettiink
ald. A kiindulé allapott 6tvdzet kvézistatikus koriilményekre érvényes
folyasi gorbéjéc NTS 810 szakitémiivon, mig a kiilonbozé alakitdsi
sebességli intenziv képlékeny alakitdsi kisérleteket a Gleeble fizikai
szimuldtor MaxStrain-egységén hajtottuk végre. Ez utébbi berende-
zés biztositja az alakitdsi folyamat paramétereinek szabdlyozhatdsiga
szempontjabdl a legsokoldalabb lehetdségeket. Az alakvéltozisi sebes-
séget 0,1 s és 10 s kozoee valtoztattuk. Az alakitott prébatesteken
Vickers-keménységmérést, valamint fénymikroszképos képanalitikai
vizsgdlatokat hajtottunk végre. A mérési eredmények statisztikai fel-
dolgozdsa alapjdn megdllapitottuk, hogy az alakvaltozdsi sebesség no-
velése az alakitdsi keményedésre és az anyag keménységére egyardnt
szignifikdns hatdst gyakorol.

Cikksorozat: MELEGEN HENGERELT EN AW-5182-ES VASTAG-
LEMEZ TOBBTENGELYU KOVACSOLASA
. rész A ciklikus kovécsoldsi folyamatra jellemzé alakitdsi szildrdsdg
. rész Az alakitdsi keményedés és a mikrokeménység elemzése
. rész Mechanikai anyagvizsgilat egytengelyli zomitéssel és szakité-

vizsgalattal
. rész A mechanikai anizotrépia részletes elemzése
. rész A mikroszerkezeti valtozdsok kvalitativ és kvantitativ vizsgalata
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PETER BERECZKI-GYORGY KRALLICS—
JOZSEF RENKO

THE EFFECT OF STRAIN RATE UNDER MULTIPLE
FORGING ON THE MECHANICAL AND MICROSTRUCTURAL
PROPERTIES

Abstract: The flow stress of aluminum alloy 6082M under
cyclic, non-monotonic plastic deformation has been determined by
multiaxial forging experiments, using the MaxStrain system on a
Gleeble 3800 thermo-physical simulator. The simulations were done at
ambient temperature with different strain rates of 0.1, 1.0 and 10 1/s.
The plastic strain amplitude per forging pass was 0.4. The accumulated
equivalent strain was around 4 in each forging simulation.

For the mechanical modeling of the cyclic, non-monotonic
plastic deformation characteristic of the forming process, a control
program and measurement arrangements have been developed.
These controlled the equivalent logarithmic strain and the equivalent
strain rate implemented in each forming step. It was also suitable for
measuring the dimensions of the deformed material volume between
the tools. These parameters and the measured force data were applied
in the mechanical model, based on the principle of virtual velocities.

In parallel with the cyclic experiments, monotonic plane-
strain Watts-Ford compression tests were also performed. Strain rate
influence for material properties has been investigated. Monotonous
and cyclic flow curves were compared, and significant differences were
found. Contrary to the monotonous flow curve, the cyclic flow stress
showed the Bauschinger effect, occurring when the load direction was
changed. Concerning the effect of strain rate it can be concluded that
the applied strain rate influences the strain hardening, the resultant
hardness and the characteristic properties of the generated ultrafine-
grained microstructure.



BURKUS, E-AWREJCEWICZ, ].—ODRY, P.

A VALIDATION PROCEDURE TO IDENTIFY JOINT FRIC-
TION, REDUCTOR SELF-LOCKING AND GEAR BACKLASH PA-
RAMETERS

Abstract: The paper presents a new method for the identifica-
tion of joint friction, reductor self-locking and gear backlash param-
eters. The method was developed using an existing hexapod robot.
During the process, the motor driving currents given by the model
and measured on the real device were observed and compared. Initial-
ly, the current curves showed specific differences. After the analysis of
these deviations, their causes were identified as joint friction, reductor
self-locking and gear backlash. The parameters of these phenomena
were determined using swarm optimization. As a result of this process,
a validated model was obtained. The mentioned mechanical proper-
ties were identified using a step-by-step method, in which one prop-
erty aided in the discovery of another. The robot model was created
in a MATLAB/Simulink environment, using the Simscape Multibody
Toolbox.



BURKUS ERVIN-KECSKES ISTVAN-ODRY AKOS~-
TADITY VLADIMIR-ODRY PETER

Dunadijvdrosi Egyetem, Informatikai Intézet
E-mail: burkus@uniduna.hu
E-mail:kecskesi @uniduna. hu
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INNOVATIV KEPFELDOLGOZASI ELJARASOK KUTATASA,
TOMOGRAFIAI MERESI ELJARASOK FEJLESZTESE

Osszefoglalds: A képfeldolgozis folyaman a képi informdcié kinyeré-
sére és megbizhaté értelmezési eljaras kifejlesztésére koncentréltunk.
Ehhez el8szor a fazifikile 2D Gdbor-sziirdt és annak tulajdonsdgait
kutattuk. A sz(iré hatékonysdgit a rendszdmtéblafelismerési algorit-
mus tesztelésével bizonyitottuk. A kutatdst a cirkuldris Gabor-sziiré
paramétereinek fazifikdldsival folytattuk. A kutatds célja az volt, hogy
lehessen detektdlni korhoz hasonld, deformélt alakzatokat a képben.
A kutatds eredményeit alkalmazni lehet tomogrifids képi eredmé-
nyek értelmezésére, valamint mikroorganizumusok detektdldsira a
mikrobioldgiai képekben. A kutatdsi eredményeket a robotldtds fej-
lesztésében is alkalmaztuk, itt a f6 feladatunk az volt, hogy detek-
tdljuk az akaddlyokat a falon. Detektdlni kellett tovdbbd a hasznos
falfeliiletet mélységi kamerdk, jelfeldolgozds, képfeldolgozis és fuzzy
logika alkalmazdsdval. A mechatronikai/robot rendszerek irdnyitdsa
zért korben valésul meg, ahol a szabilyozé és allapotbecsld algorit-
musok performancidi hatdrozzdk meg a megvalésithaté dinamikus
viselkedést. Egyrészt kifejlesztésre keriilt egy wjszer(i fuzzy irdnyitdsi
strukedra, mely a hibajel mellett, a beavatkozéjel el8dllitdsakor, a pil-
lanatnyi fogyasztdst is kiértékeli. A szabédlyoz6 az alapjelkovetés mel-
lett az dramtranzienseket és az oszcillicidkat is limitdlja, igy mecha-
tronikai rendszerek irdnyitdsdban elényosen haszndlhat6. Mdsrészt,
kifejlesztésre keriilt egy tjszer(i adaptiv dllapotbecsld struktira, mely
a rendszer pillanatnyi dinamikus viselkedésének mérésére Gj mérési
modszereket alkalmaz, és ezen mérdszdmok fiiggvényében valtoz-



tatja a szlirGparamétercket. Az adaptiv stratégidnak koszonhetSen
robusztus 4llapotbecslés biztosithaté a felsébb irdnyitdsok szdmdra.
A hatlébu roboton végzett mérések alapjan kiilonféle kutatdsokat vé-
geztiink, melyek sordn a bizonytalansdgokat és a robusztussigot ku-
tattuk. Ezéltal pontosabb és jobb becsléseket tudunk végezni és haté-
konyabban tudunk optimailis szabédlyzdst fejleszteni a mechatronikai
eszkozok szdmdra. Kilonféle véltozdkat és szenzorokat vizsgiltunk,
tovabbd az IMU-szenzor jeleib8l Kalmdn-sztirével kiszdmitottuk a
robot szogmozgdsokat és annak hibdjit is elemeztiik. Kutatdsunk vé-
gén az dltalunk fejlesztett Gjszerl optimalizdldsi eljdrds felhaszndldsdval
alapokat biztositottunk arra, hogy hexapod-robotunk 1j generdcidjt,
a Szabad(ka) III robotot meg tudjuk tervezni. Az optimalizdlds meg-
hatdrozta a csatlakozdsi helyzeteket, valamint a test és a ldb szegmen-
seinek méreteit. Az optimizdlds eredményeként jelentdsen csokkent a
szenzorokat érintd rotdciés mozgds és nétt a robot dltal, egy feltoltéssel
megtehetd tdvolsdg. Az optimalizdlds elvégzésének feltétele volt a ro-
bot paraméterezhetd, részletes és validdlt modellje. A fizikai megva-
16sitas terén eddig legyartdsra keriilt a robot legosszetettebb része, a
differenciélis csuklét tartalmazé moduldris 1ab-egység.

Abstract: During the image processing, we focused on the extraction
of image information and the development of a reliable interpretation
method, for which we first researched the fuzzified 2D Gabor filter
and its properties. The efliciency of the filter was tested via license
plate recognition algorithm. The research was continued by fuzzifing
the parameters of the circular Gabor filter, where the aim of the re-
search was to be able to detect circular-like, deformed shapes in the
image. The results of the research can be used to interpret tomographic
imaging results as well as to detect microorganisms in microbiological
images. The third part of the research is related to robotic vision. The
task of this research was to detect obstacles on the wall and to detect
the useful wall surface using depth cameras, signal processing, image
processing and fuzzy logic. The control of mechatronic/robot systems
is realized in closed loop, where the performances of controller and
state estimator algorithms determine the feasible dynamic behavior of
the system. On one hand, a novel fuzzy control structure was devel-
oped, which provides the control action based on both the error signal
and instantaneous power consumption. This control solution ensures



good reference tracking performance along with limited current tran-
sients and oscillations, thereby providing superior performance in the
control of mechatronic systems. On the other hand, a novel adaptive
state estimator structure was developed. This algorithm employs novel
measurement methods for the characterization of the instantaneous
system dynamics. Moreover, the algorithm varies its parameters adap-
tively based on the aforementioned measures. This adaptive approach
provides robust performance in closed loop systems.

We performed and completed various researches based on the meas-
urements on the hexapod robot, from which publications were created.
Basically, we researched uncertainties and robustness. This allows us to
make more accurate and better estimates and more efliciently develop
optimal control algorithms for the mechatronic device. Various vari-
ables and sensors were examined, and the robot angular movements
were calculated from the IMU sensor signals using Kalman filter, and
its error was also analyzed. At the end of our research, using the novel
optimization procedure we developed, we provided the basis for de-
signing a new generation of our hexapod robot, Szabad(ka) III. The
optimization determined the connection positions and the dimen-
sions of the body and the legs segments. The optimization significant-
ly reduced the rotational motion affecting the sensors and increased
the distance the robot could travel on a single charge. To perform
the optimization, it was necessary to build the detailed and validated
model of the robot which can be parameterized. In terms of physical
implementation, the most complex part of the robot, the modular leg
assembly with a differential joint, has already been fabricated.



BURKUS, E.—ODRY, A.—KECSKES, I.-TADIC, V.-
ODRY, P.

ANoveL LEG DEsiGN FORTHE SzABAD(KA) IIl RoBoT

Abstract: The aim of this paper is to introduce a novel robot
leg design which will be used in the next generation of the Szabad(ka)
robots, the Szabad(ka) III hexapod robot. This new prototype has
significant improvements compared to the previous leg used in the
Szabad(ka) II robot. The design is based on a differential gear drive
system. Most of the parts were created using modern 3D printing
technology. A triple springdamper system has further improved the
functionality of the leg. A new, self-designed motor driver ensures
appropriate control and sensor sampling at the expected frequencies.
The next step of the research will be to carry out the structural optimi-
zation of the robot based on the new leg design. The optimization will
determine the connection positions and the dimensions of the body
and legs as well as the parameters of the triple spring damper system.



KECSKES, L.-BURKUS, E.—KIRALY, Z.—ODRY, A.—
ODRY, P.

COMPETITION OF MOTOR CONTROLLERS USING A SIM-
PLIFIED ROBOT LEG: PID VS FUZZY LOGIC

Abstract: This research presents a simulation and optimization
environment for developing motor controllers. There are various type
of controllers which may provide better or worse performance for the
intended use. Our fuzzy controller was developed and optimized in
order to ensure better control performance and to protect the walking
robot’s electro-mechanical equipment against high peaks or jerks. This
fuzzy controller was compared to a simple PID controller to show
its advantage. Both controllers were optimized and competed on the
same test situations. The control performance robustness against the
motor and load parameters are evaluated. A simplified robot leg model
was used to ensure a realistic load for the motor driving, instead of
the full robot dynamic model because of its fast calculation. The de-
veloped fuzzy controller resulted better performance and robustness
compared to the optimized PID.



KECSKES, 1.-BURKUS, E~BAZSO, F~ODRY, P.

MODEL VALIDATION OF A HEXAPOD WALKER ROBOT

Abstract: Our complete dynamical simulation-model realisti-
cally describes the real low-cost hexapod walker robot Szabad(ka)-I1
within prescribed tolerances under nominal load conditions. This
validated model is novel, described in detail, for it includes in a single
study: (a) digital controllers, (b) gearheads and DC motors, (c) 3D
kinematics and dynamics of 18 Degree of Freedom (DOF) structure,
(d) ground contact for even ground, (e) sensors and battery model.
In our model validation: (a) kinematical-, dynamical- and digital
controller variables were simultaneously compared, (b) differences
of measured and simulated curves were quantified and qualified, (c)
unknown model parameters were estimated by comparing real meas-
urements with simulation results and applying adequate optimization
procedures. The model validation helps identifying both model’s and
real robot’s imperfections: (a) gearlash of the joints, (b) imperfection
of approximate ground contact model, (c) lack of gearhead’s internal
non-linear friction in the model. Modeling and model validation re-
sulted in more stable robot which performed better than its predeces-
sors in terms of locomotion.



KECSKES, ._BURKUS, E.-ODRY, P.

(GEAR EFFICIENCY MODELING IN A SIMULATION MOD-
EL OF A DC GEARMOTOR

Abstract: This paper presents how to build a simple simulation
model of a DC gearmotor based on available datasheet parameters.
The energy loss caused by the gearhead is broken down to inertia, vis-
cous friction and coulomb friction. The gearhead inertia is transferred
to the motor inertia, while the losses caused by the two frictions are
calculated and added to the motor load torque. The coulomb friction
is simulated as a constant, speed-independent efficiency - based on the
datasheet’s efficiency. The viscous friction is implemented as a speed
dependent loss, for which the damping coeflicient is estimated from
other available parameters. The constructed model is tested and vali-
dated through constant voltage and constant speed tests. The plotted
torque graphs illustrate the motor, gear and gearmotor efficiency.



KECSKES, .—ODRY, P.

MULTI-SCENARIO MULTI-OBJECTIVE OPTIMIZATION
OF A FUZZY MOTOR CONTROLLER FOR THE SZABAD (kA)-II
HEXAPOD ROBOT

Abstract: The aim of this research was to develop a robust mo-
tor controller for the Szabad(ka)-II hexapod robot. A Fuzzy-PI con-
troller that utilized a lookup table was chosen because of its reported
promising performance and its ability to be embedded in the micro-
controllers of the robot. The variables of the controller were defined by
a particle swarm optimization method to minimize the five quality ob-
jectives related to the walking of the robot. The preferences of the five
objectives were successfully expressed by a biased weighted geometric
mean utility function. The resulting optimal solutions were signifi-
cantly altered by changing the bias and exponential weights of prefer-
ences. Therefore, we checked the robustness of the solution against the
controller’s variables as a secondary objective.



KECSKES, .—ODRY, P.

ROBUST OPTIMIZATION OF MULTI-SCENARIO MANY-
OBJECTIVE PROBLEMS WITH AUTO-TUNED UTILITY FUNC-
TION

Abstract: The main focus in optimization studies, including
multi-objective and multi-scenario optimization, is placed on finding
the global optimum or global Pareto-optimal solutions, representing
the best possible objective values. Manual preferences and selection
are required to obtain a single implementable solution from the ob-
tainable Pareto set. For achieving such a single optimum, the multi-
scenario property is applied to adjust the required preference weights
automatically; as a result, robust performance for various scenarios
is provided. The robust quality definition is believed to decrease the
performance uncertainty owing to any possible scenario in real-world
settings. These challenges have motivated the creation of a method
that searches a robust solution using evolutionary algorithms and
well-applied IT tools. This selection process applies two robustness
aspects simultaneously: the necessary weights for the aggregation of
multi-scenario and multi-objective dimensions are adjusted to obtain
similar performances for scenarios as much as possible; the robustness
against system parameters is evaluated by the calculation of the ro-
bustness indices. The method can be used universally where the robust
optimum is required for a model having multi-scenario and multi-
objective properties. The proposed method has been tested on test
functions, and in conclusion it has been applied to two engineering
problems.



KECSKES, .—ODRY, A.—TADIC, V.—ODRY, P.

SIMULTANEOUS CALIBRATION OF A HEXAPOD ROBOT
AND AN IMU SENSOR MODEL BASED ON RAW MEASURE-
MENTS.

Abstract: A simulation model contributes to the development
of both algorithms based on navigation sensors and their application
in real nonlinear mechatronic systems. The Szabad(ka)-II hexapod
walker robot is equipped with an inertial measurement unit (IMU),
and this paper presents a novel calibration procedure of its simulation
model. Various sinusoidal calibration movements were performed on
both the model and the robot, and the raw IMU measurements were
recorded simultaneously with motor electrical parameters and joint
movement variables. The simulation model includes the model of
IMU sensors, where the location, misalignments, and scaling param-
eters are also incorporated in the tuning procedure. Thus, this simula-
tion environment enabled the calibration procedure to be performed
based on the measurement data. The efficient optimization of both
the unknown and estimated parameters of the robot model along with
the IMU sensor model resulted in a simulation output that fits the
measurement results satisfactorily. The nominal and remaining errors
were analyzed both statistically and in the spectral domain. Due to the
proposed method, the simulation error of the accelerometer and gyro-
scope measurements were decreased by 35%. The necessity of calibrat-
ing the sensor model was justified via the application of an extended
Kalman filter (EKF) for the attitude estimation.



KECSKES, .- ODRY, A.—ODRY, P.

UNCERTAINTIES IN THE MOVEMENT AND MEASURE-
MENT OF A HEXAPOD ROBOT

Abstract: Model uncertainties can be defined using the simu-
lation model and real measure-ments, thereby the model accuracy is
practically represented. The differences be-tween the simulation and
reality create both inaccuracy and uncertainty in control system de-
velopment. Our previous researches presented these inaccuracies
nu-merically and pointed out some structure imperfections of the
Szabad(ka)-II hex-apod robot. The performed sequential and parallel
measurements on the Sza-bad(ka)-II robot highlighted notable un-
certainties at i) the left and right mechani-cal sides, ii) in front and
rear legs, iii) current and voltage sensors and iv) in case of repetitive
walking scenarios. The presented analysis takes into account the 6-axis
accelerometer measurements as well. The measurement errors and
uncertain-ties should be estimated before the optimization of robot
control or robot struc-ture. It is also necessary to define the expected
quality optimum and correctly in-terpret the simulation results and
imperfections.
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K¥£z1 GESZTUSVEZERLES-ALAPU EMBER—SZAMITOGEP-
INTERFESZ

Osszefoglalds: A piacon t&bb jaték, telefon, tablet is kaphat6, melyek
kézi gesztusvezérléssel korldtozott gesztusjel-mennyiséggel és korldto-
zott gesztustérben mikodnek. A legtdbb ember ma még gy gondolja,
hogy ezek inkdbb csak jdtékra valék. Az ipari alkalmazdsi tertiletiik
valéban még elég kicsi. Azonban tobb olyan teriileten is, ahol a pontos
érintés vagy a hangvezérlés nehezen haszndlhaté, alkalmazhaté lenne a
gesztusvezérléses irdnyitds. A szdmitdgépek gesztusvezérlését a hagyo-
mdnyos webkamerakkal, a kifejezetten ilyen célra fejlesztett eszk6z6k-
kel lehet megoldani. Az utébbi idében egyre t5bb olyan eszkdz jelenik
meg elérhetd dron, melyekkel un. mélységi felvételeket is lehet készite-
ni. Ezek az eszk6zok jol alkalmazhatdak a kutatdsban. Tobb olyan in-
gyenes szoftver is megjelent az elmult egy évben, mely a kéz jeleit értel-
mezi, legtobbszor alakfelismerd szoftverek segitségével. A COVID-19
megjelenése el8térbe helyezte ezeknek a kutatdsoknak a felgyorsitést,
hiszen az érintés nélkiili vezérlés az egyik legjobb mdédja a virusterjedés
megelézésének. A gesztusvezérlést egyre tobb gydrté épiti be pl. az au-
tok szdmitdgépeinek vezérlésébe vagy a nagy szennyezettségdi, ill. steril
helyen torténd vezérlésekhez.

Abstract: There are several games, phones, and tablets available on
the market, which can also be used with manual gesture control, of
course with a limited amount of gesture signals and limited gesture
space. Most people today still think they are more of a game. The area



of industrial application is still quite small. However, in several places
where precise touch or voice control is difficult to use, gesture control
could be applied. Gesture control of computers can be solved with tra-
ditional web cameras, with tools specially developed for this purpose.
Recently, more and more devices are appearing at affordable prices
with which the so-called. depth shots can also be taken. These tools
are well suited for research. Several free software programs have been
released in the last year that interprets hand signals most often using
shape recognition software. The advent of COVID-19 has highlighted
the acceleration of this research, as non-contact control is one of the
best ways to prevent the spread of the virus. Gesture control is being
installed by more and more manufacturers, for example, in the control
of cars’ computers, or the control of highly polluted or for controls in
a sterile location.
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PASZTAZO AKUSZTIKUS MIKROSZKOP EPITESE ES
IPARI ALKALMAZASA

Osszefoglalds: Kozismert dolog, hogy az ultrahang alkalmas
anyaghibdk, repedések felderitésére. A hagyomdnyos kézi tipusi vizs-
gdlatok igen fdrasztéak lennének egy sorozatgydrtds sordn, ezen kiviil
tulsdgosan idSigényes és szubjektiv.

A Dunatjvirosi Egyetemen miik6dé Magyar Akusztikus és Ip-
ari Diagnosztikai Laboratériumban (MAIDLab) sor keriil egy egyedi
vizsgdlati médszerrel mikoddé automatizdlt ultrahangvizsgild ber-
endezés kifejlesztésére, aminek a legnagyobb elénye, hogy szubjek-
tivitdstél mentes, valamint reprodukilhatéak lesznek az eredmények
is. Emellett bemutatasra keriil az elmult két évben létrehozott pdsz-
tdz6 ultrahangos berendezésiink, amely standard, a piacon kaphaté
elemekbél dll. Mozgatdsit Mach3 programrendszerrel oldottuk meg.
Az ultrahangos A-képekbdl a 3D forgathat kép a hibakrdl, illetve
a 2D-metszetek a régi médon dllnak el8, de ezen kiviil sokkal t6bb
paramétert is el6 lehet dllitani. Bemutatdsra keriil egy 4j teriileten, a
keményforrasztds ellendrzésére végzett ipari megbizdsra végzett tanul-
mdnyunk, amely bizonyitja a felhaszndlds sokoldaldsigit. A teszteket
mind a régi, mind az 4j berendezésen sikeresen abszolvéltuk. A régi
pdsztdz6 berendezést nemcsak ultrahangos, de ma mdr 6rvénydramos
pdsztazdsra is sikerrel alkalmaztuk. Jelenleg az ipari megbizdsokban
kénnyen és gyorsan haszndlhatd, eladdsra is szdnt verzién dolgozunk,
amelynek terveit bemutatjuk. Célunk egy olyan vizsgdlé rendszer
osszedllitdsa, amely gazdasdgosabb beruhdzist igényel és megfelel az
ipari kovetelményeknek is. Eredményekhez az EFOP-3.6.1-16-2016-
00003 ,K+F+I folyamatok hosszd tdvii megerdsitése a Dunatjvéro-
si Egyetemen” c. projekt, valamint az Innoviciés és Technoldgiai
Minisztérium 4ltal tdimogatott Témateriileti Kivalésdgi Program 2020
(2020-4.1.1.-TKP2020) palydzat altal finanszirozott kutatdsok jérul-
tak hozzd.
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VizZPARTI NOVENYEK NEHEZFEM-AKKUMULACIOJANAK
MEGHATAROZASA A DUNAI ULEDEKEKBEN

Osszefoglalds: A talajok, a folyévizi és ipari iszapok toxikuselem-
tartalmdnak csokkentésére, visszanyerésére, a teriiletek remedidldsdra
napjainkban mdr tobbfajta kémiai, fizikai és bioldgiai médszer ismert.
A biolégiai médszerek egyike a fitoremedidcié, amely sordn kiilonféle
noévényfajokat/fajrakat alkalmazunk azért, hogy az elszennyez8dott ta-
lajokban, folyévizi iiledékekben hatdrérték ald csokkentsiik a toxikus
osszetev8k mennyiségét. Sokféle fitoremedidcids folyamat ismert, Ugy-
mint a fito-extrakcid, fito-volatilizacid, fito-filtracid, fito-stabiliz4cid,
fito-degraddcid. Kutatdsaink sordn 8 célunk az volt, hogy megéllapit-
suk a dunai iszapon gydkerezd vizinévények nehézfém-akkumuldcids
képességét, fitoextrakcids potencidljit. A folydvizi kornyezetben él§
novények koziil feketélld farkasfogat (Bidens frondosa L.), vizi mentat
(Mentha aquatica L.), vizi hidért (Alisma plantago-aquatica L.), réti
16séskit (Rumex obtusifolius L.), baracklevelt kesertiftit (Persicaria
maculosa L.), és parti sdst (Carex riparia L.) vdlasztottunk ki teszt-
novényként. Eredményeink alapjén megillapithatd, hogy a vizsgdlt
névényfajok koziil a réti 16s6skdban halmozédott fel a legtobb krém,
réz és cink, mig a vizi menta akkumuldlta legjobb hatékonysdggal az
o6lmot, és a nikkelt.

Abstract: It is well known that several chemical, physical and bio-
logical methods are known for the reduction and recovery of the po-
tential toxic elements of soils, river sediments and industrial sludges.
One of the biological methods is phytoremediation, in which various
plant species/varieties are used in order to reduce the concentration of
toxic components in contaminated soils/sludges or river sediments.



Many types of phytoremediation processes are used, such as phyto-
extraction, phytovolatilization, phytofiltration, phytostabilization and
phytodegradation. The main aim of our research was to determine
the heavy metal accumulation capacity and phytoextraction potential
of aquatic plants rooted in the Danube sediment. Among the plants
devil’s beggartick (Bidens frondosa L.), water mint (Mentha aquatica
L.), European water-plantain (Alisma plantago-aquatica L.), parella
(Rumex obtusifolius L.), bistort (Persicaria maculos L.) and riparian
sedges (Carex riparia L.) were selected as test plants. Based on our
results, it can be concluded that most of chromium, copper and zinc
accumulated in parella, while water mint accumulated lead and nickel
with the best efficiency.
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EMBER—SZAMITOGEP-, VALAMINT MEGJELENITO ES
ELEMZO INTERFESZEK ALKALMAZASI LEHETOSEGEI

Osszefoglalds: Jelen cikkben az EFOP-3.6.1-16-2016- 00003
,K+F+I folyamatok hossza tdvii megerdsitése a Dunadjvérosi Egyete-
men” cim( projekt keretében végzett kutatdsaink egy része, elsésorban
az ember—szdmitégép, a megjelenitd és elemzd interfészek, tovabbad a
virtudlis valésdg témakorrel dsszefliggd kutatdsok és kutatdsi irdnyok
keriilnek osszefoglaldsra.

Abstract: This article summarizes some of our research carried
out in the project named EFOP-3.6.1-16-2016-000003 ,Long-
term strengthening of R & D & I processes at the University of
Dunatjvéros”, mainly human-computer and visualization and analy-
sis interfaces, and research and research directions and related to the
topic of virtual reality.
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LINEARIS EGYENLETRENDSZEREK MEGOLDASA
DIFFUZIOS MODSZERREL

Osszefoglalés:

HATTER
A szildrd testek alakvéltozdsai, a benniik 1év6 héterjedési folya-
matok, és szdmos mds fizikai és jelenség integral- illetve differencidl-
egyenletek segitségével irhat6 le. A mérndki problémdk megoldasdra
alkalmas kozelitd médszerek az eredeti egyenletrendszerek megolddsa
helyett nagy méretli linedris algebrai egyenlterendszerek megolddsat
teszik sziikségessé.
A linedris egyenletrendszerek megolddsdval kapcsolatos méd-
szerek hatékonysdgdnak javitdsa még ma is fontos kutatdsi teriiletnek
szamit.

MODSZEREK
A peridinamikus-kontinuum-modellezés (PCM) célja a repe-
déskeletkezés, -terjedés és torés modellezése integralegyenletek segitsé-
gével. A repedésterjedés meginduldsdig lejdtsz6dé alakvéltozasi folya-
mat gyakran kvézistatikus folyamat, melynek numerikus megolddsa
nagy méret(i

(K]-{d}={F}

linedris egyenletrendszer megolddsdt teszi sziikségessé, ahol
[K] a szerkezet merevségi mdtrixa, {d} a peridinamikus pontok
elmozduldsvektora, {F} pedig a szerkezet terhelésvektora. Az egyen-
letrendszer megolddsdra leszélesebb korben alkalmazott médszer az
Adaptiv Dinamikus Relaxdcié (ADR) médszere. Ennek sordn az ere-
deti egyenletrendszert statikus megolddsa egy kibdvitett

[M]-{d" }+[C]-{d" }+[K]-{d}={F}



dinamikus rendszer stacioner megolddsaként kaphaté meg. A mester-
séges [M] tomeg- és [C] csillapitdsmdtrix elemeit a leggyorsabb kon-
vergencia érdekében a [K] merevségi matrix tulajdonsdgai alapjin ha-
tdrozzék meg. A dinamikai egyenletrendszer megolddsdra, szimos mds
lehetdség mellett, leggyakrabban a velocity verlet-et alkalmazzék.

Munkdnkban a linedris egyenletrendszer megolddséra az ADR-
moédszer mésodrendt differencidlegynelete helyett a diffdzids és
héterjedési problémdk leirdsira alkalmas

{d" }+[K]{d}={F}

egyenlet megolddsdt javasoltuk. Az Gj mddszert Diffdziés Mdd-
szernek neveztiik el (DM). Vizsgiltuk a diffuziés egyenlet megold-
hatésdganak feltéeeleit, a kozelitd megolddsdra alkalmas numerikus
modszereket és 6sszehasonlitottuk az ADR és a DM konvergenciatu-
lajdonsdgait.

EREDMENYEK
Bebizonyosodott, hogy ha a [K] merevségi métrix pozitiv definit
szimmetrikus matrix — a mechanikai feladatok esetében mindig az —
a diffaziés egyenlet megolddsa konvergens és megolddsa a statikus
egyenlet megolddsdval azonos. Eredményeink szerint a DM konver-
genciasebessége jelent6sen meghaladja az ADR-médszer sebességét.
Szdmitdsi igénye pedig kevesebb, mint az ADR, illetve a Gauss-Seidel-

modszer szdmitdsi igénye.
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Di1rrusiON SOLVER OF LINEAR SYSTEM OF EQUATIONS
Abstract:

BACKGROUND

The deformation of solid bodies, the heat conduction process
and many other physical phenomena can be written as integro- or dif-
ferential equations. The numerical methods of engineering problems
on the same fields convert the above equations to large scale algebraic
equations. Finding efficient and robust methods to solve these systems
is essential, so the research of these methods is very active and impor-
tant, recently.

METHODS
The goal of the peridynamic model of continuum mechanics
is to describe and solve the problem of crack initiation, propagation
and fracture in solid bodies using integro-differential equations. The
deformation process until the beginning of crack propagation is usu-
ally a quasi-static problem. The numerical methods of these problem
needs the solution of the linear equations

(K]-{d}={F}

where [K] is the stiffness matrix, {d} is the displacement vector
and {F} is the load vector of peridynamic points. The most popular
method to solve the above equation if the Adaptive Dynamic Relaxa-
tion method. In this method, the {d} result of the system is found as
the stationer solution of the second order extended dynamical equa-
tion

[M]-{d" }+[C]-{d" }+[K]-{d}={F}



The artificial mass matrix [M] and damping matrix [C] are gen-
erated based on the properties of stiffness matrix [K]. To solve the
dynamical equation, The most popular method to solve the dynamical
euation is the “velocity Verlet” algorithm.

In our work a new Diffusion Method was investigated, using
first order differential equation

{d" }+[K]{d}={F}

The conditions of solvability and the numerical methods of so-
lutions were studied. We tested and compared the convergence prop-
erties of classical, ADR and DM methods.

RESULTS
It was proven, when the stiffness matrix [K] is symmetric and
positive definite matrix — in mechanical problems it is always true —
the solution of the diffuse equation is convergent and the solution is
identical with the solution of the static problem. By our results, the
speed of the convergence is higher in case of DM than in case of ADR

and many other classical methods.
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NAGY ALAKVALTOZASU RUGALMAS PROBLEMAK
MAGASABB RENDU PERIDINAMIKUS MODELLEZESE

Osszefoglalés:

HATTER

A muanyagbdl késziilt gépalkatrészek a gydrtdsuk és mikodésiik
sordn Osszetett mechanikai terhelésnek vannak kitéve. Ezen terhelések
alatt tiregek és repedések képzddhetnek és szaporodhatnak az alkatré-
szekben, csokkentve annak élettartamit.

A repedéskeletkezés, -terjedés és eldgazds modellezése nehéz a
klasszikus végeselem-modellezésben (FEM). A rugalmas-rideg tes-
tek torésmechanikai problémdira az Extended FEM és a hdl6 nélkiili
modszerek eredményei adnak vélaszt. A képlékeny anyagok és a nagy
deformdciék problémdja még mindig nyitott a tovdbbi kutatdsok sza-
mara.

MODSZEREK

A peridinamikus-kontinuum-modellezés (PCM) célja a repe-
déskeletkezés, -terjedés és torés modellezése integralegyenletekkel se-
gitségével. Az eredeti bond-based peridinamikéban a test pont-pérjai
kozote belss kotéseket feltételeziink. A fejlettebb, dllapotalapti model-
lezésnél az anyagi pontok kozotti T erévektort a pontok véges mé-
retl kdrnyezetének alakvdltozdsa hatdrozza meg. A mozgdsegyenlet a
peridinamikdban egy integro-differencidlegyenlet:

pra=J o (X,X) (T[XXt]-T[XX,t])dX'+B

ahol B a tester haté térfogati erd, w a peridinamikus hatdsfugg-
vény és a az X részecske gyorsuldsa. A T eré-dllapot az X pont kornye-
zetének alakvdltozdsi dllapotatdl figg.

Az dllapotalapt peridinamikdt sikeresen alkalmaztik a szildrd
mechanika szdmos problémadjira és a kapcsolédé problémdkra. Ezen



alkalmazdsok tobbsége apré deformidciés problémadkra, vagy dltald-
nosabban kis gradiens problémdkra vonatkozik. A peridinamika al-
kalmazdsa nagy gradiens problémdkndl elég ritka az irodalomban. A
nemlinedris szerkezeti problémak robusztus és pontos megolddjdnak
elkészitéséhez elengedhetetlen az elmozduldsi gradiens és a merevség-
matrix pontos kiszdmitdsa.

EREDMENYEK

A nem lokilis peridinamikai és a hdlémentes RKPM-mddszer
kozotti kapesolatot az alakvaltozdsi gradiens elemzésével a cikk ele-
mezte. Bebizonyosodott, hogy az alakvaltozdsi gradiens szokdsos pe-
ridinamikai kozelitése és az elsérendli RKPM kozelitése azonos. A
fesziiltség-divergencia peridinamikus és az RKPM kozelitése szintén
azonos.

Munkdénk sordn bevezettiik a deformdciés gradiens és a peridi-
namikai eré magasabb rend(i peridinamikai kozelitését, igy javitottuk
a peridinamikus médszer helyi pontossdgdt. A hiperelasztikus testek
nagy deformdcids problémadira a ,,p-finomitott” deformdcids gradiens
és az erbdllapot alkalmazandé. Esettanulmanyok révén elemezziik a
kozelités sorrendjét, a konvergencia-rdta és a szdmitdsi koltség kozotti
kapcsolatot is.
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HIGHER ORDER PERIDYNAMICS OF LARGE
DEFORMATION ELASTIC PROBLEMS

Abstract:

BACKGROUND

Machine components made of plastics are subjected to complex
mechanical loads during manufacturing as well as during their service
life. Under these loadings, voids and cracks can nucleate and propa-
gate in components and can decrease the lifetime of the product.

Modelling of crack initiation, propagation and branching is dif-
ficult in classical finite element analysis (FEM). Nevertheless the quite
new results of Extended FEM and meshless methods, for ductile ma-
terials and large deformations it is still open for further research.

METHODS

Peridynamic Continuum Modelling (PCM) is dedicated to
solve the crack initiation, propagation and fracture by integral equa-
tions. In original bond-based peridynamics, damageable bonds are
defined between all the couples of material points of the continuum,
while in a more advanced formulation as a state-based modelling, a
force vector T between material points is determined by the deforma-
tion of finite size neighbourhood of the points. The equation of mo-
tion in peridynamics is an integro-differential equation:

pra=J w(XX) (T[XXt]-T[X,X,t])dX'+B

where B is the volumetric load vector, w is the weight function
of the peridynamic effects and a is the acceleration of particle X. The
force state T is the function of the deformation state.



The state-based peridynamics was applied successfully on many
problems of solid mechanics and coupled problems. Most of these
applications relate to small deformation problems or in more general
in small gradient problems. The application of peridynamics on high
gradient problems is quite rare in the literature. To make a robust and
accurate solver for nonlinear structural problems the accurate calcula-
tion of displacement gradient and stiffness matrix is essential.

RESULTS

The relation between the nonlocal peridynamic and the repro-
ducing kernel particle (RKPM) approximations of the deformation
gradient was analysed in article. It was proven, the usual peridynamic
approximation and the first order RKPM approximation of the de-
formation gradient are identical. The peridynamic and linear RKPM
approximation of the stress divergence are also identical.

In our work, we introduce higher order peridynamic approxi-
mation of the deformation gradient and the peridynamic force with
advanced local accuracy. The “p-refined” deformation gradient and
force state are applied on large deformation problems of hyperelastic
bodies. Through case studies, the relation amongst the order of the
approximation and the convergence rate and the computational cost
are also analysed.
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A REPEDES KIALAKULASANAK ES TERJEDESENEK
PERIDINAMIKUS MODELLEZESE TERMO-MECHANIKUSAN
TERHELT ELEKTRONIKUS ESZKOZOKBEN

Osszefoglalés:

HATTER

A feliiletre szerelt elektronikus eszk6zok (SMD) gyédrtdsuk illet-
ve mikodésiik sordn Osszetett termomechanikai terheléseknek vannak
kitéve. Mdr a gydrtds sordn is liregek és repedések keletkezhetnek a for-
rasztott kotésekben, valamint a rideg anyagokbdl késziile alkatrészek-
ben, példdul kerdmia kondenzdtorokban. A kezdeti kdrosodds kdros
hatdssal lehet a termék élettartamdra.

A repedés keletkezésének és terjedésének modellezése — a mate-
matikai fiiggvények szingularitdsa miatt — a klasszikus végeselem mo-
dellezés soran (FEM) nehéz. A probléma lekiizdésére kibdvitett FEM
(X-FEM) és hal6 nélkiili médszereket fejlesztettek ki, ennek ellenére
a repedések és repedések eldgazdsinak termo-mechanikus modellezése
tovdbbra is nyitott kérdés a kutatds szdmadra.

A peridinamikus kontinuum modellezés (PCM) célja a repedés-
keletkezés, -terjedésének és a torés folyamatdnak modellezése integral-
egyenletek segitségével. Az eredeti bond-based peridinamikaban
szakaddsra képes rugdkat képzeliink el a kontinuum 6sszes anyagi
pontpdrja kozott, a fejlettebb, dllapotalapd peridinamikus modellezés-
nél az anyagi pont kérnyezetének alakviltozdsa hatirozza meg a pont-
ra hat erét. Munkdnkban kidolgoztuk a kapcsolt termo-mechanikai
probléma éllapotalapt peridinamikai modelljét, és azt alkalmaztuk a
repedések keletkezésének és terjedésének detektdldsdra egy nyomtatott
dramkori lap (PCB) forrasztést kovetd hitése sordn.



MODSZEREK

Az dllapotalapt peridinamikus modellben két tetszdleges, de
egymdstdl egy elére meghatdrozott r tévolsdgdndl nem messzebb 1évé
pont kozt belsd eré miikodésée feltételezzitk. A tetszdleges X részecs-
ke r sugart kornyzetét jelolje H. Az ezen a kornyezeten értelezett
nemnegativ w(X,X") fiiggvényt a peridinamikus hatdsfiiggvénynek ne-
vezziik. Az X részecske mozgdsegyenlete az aldbbi integro-differencidl
egyenlette irhaté le:

pit= j(r[x X,t] - TIX, X', e)dX’ + B

ahol B a testre hat6 térfogati er. EmlékeztetSil: a klasszikus
continuum-mechanikdban a pont mozgisegyenletét a p-u"=Vo+B
parcidlis differencidlegyenlet irja le. Az anyag viselkedésére vonatkozé
osszes informdciét a T eré-dllapot tartalmazza, mely 4ltaldban maga is
mds nemlokdlis véltozék — pl. a alakvéltozisi dllapot — figgvénye. A
peridinamikus alakvaltozdsi gradiens:
[(u(x X)-(x' = )®(X" ~ X))dX' - K%, [(w(x X) - (X' = X)®X' - X))dX'

A

Ezt az 4j modellt a szildrd mechanika szdmos teriiletén sikere-
sen alkalmaztdk, kiilondsen a rideg anyagokban torténd dinamikus
repedés terjedéshez.

EREDMENYEK
Bevezettiik a peridinamikus hémérsékleti gradienst a hdvezetési
probléma megolddsiba, és a mozgdsegyenletet a termikus kapcsoldsi
kifejezéssel is médositottuk:

it = f(r[xcx,z] ~T[X, X', t] — a-B[X, X', t])dX’ + B

ahol ©[X, X", t] az X és X’ pontok dtlaghémérséklete:
'=((T"-T_0 )+(T-T_0))/2

Ezt a médszert kétdimenzids sik fesziiltségi/alakvéltozasi problé-
ma megolddsdra alkalmaztuk. Esettanulmdnyunkban meghatdroztuk a
repedés kezdeti helyét, és lehtilés utdn el6re jeleztiik repedés megindu-
ldsdt és terjedését.
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PERIDYNAMIC MODELLING OF CRACK INITIATION
AND PROPAGATION IN THERMO-MECHANICALLY LOADED
ELECTRONIC DEVICES

Abstract:

BACKGROUND

Surface mounted electronic devices (SMD) are subjected to
complex thermo-mechanical loads during manufacturing as well as
during their service life. Even during manufacturing, voids and cracks
can nucleate in soldered joints and also in components such as capaci-
tors, made of brittle materials. An initial damage can have a detrimen-
tal effect on the lifetime of the product.

Modelling of crack initiation and propagation is difficult in
classical finite element analysis (FEM), due to the singularity of the
mathematical functions in the differential analysis. Extended FEM
(X-FEM) and meshless methods were developed to overcome these
problems, nevertheless thermo-mechanical coupling of cracks and
crack branching is still open for further research.

Peridynamic Continuum Modelling (PCM) is dedicated to
solve the crack initiation, propagation and fracture by integral equa-
tions. In original bond-based peridynamics, tearable springs are de-
fined between all the couples of material points of the continuum,
while in a more advanced formulation as a state-based modelling, a
force vector is defined as well.

In this work, the state based peridynamic model of the coupled
thermo-mechanical problem was developed, and applied to detect ini-
tiation and propagation of cracks during cooling of a printed circuit
board (PCB) after SMD soldering in a wave soldering machine.



METHODOLOGY
In state-based peridynamics modelling, an internal force vec-
tor between each two arbitrary particles of the body if their distance
is lower than a predefined r constant. Let the r neighborhood of the
particle X noted by H and let w(X,X") be an finite supported positive
weight function of the peridynamic effect. The equation of motion of
a particle becomes an integro-differential equation as

pit= ’ (TIX', X, 1] - T[X, X', t])dX’ + B
s

where B is the volumetric load vector, instead of the classical
partial differential equation of p-u'=Vo+B. The constitutive informa-
tion is included in the force state T and it is usually based on nonlo-
cal (peridynamic) deformation states. The peridynamic deformation
gradient is defined as

F = ‘ (X, X)) (x' = 2)@(X ~ X))dX'-K*, K= w(X,X) - (X' = X)®(X' — X))dX'
[( ) [( )

This new model has been used successfully on many fields of
solid mechanics, especially for dynamic crack propagation in brittle
materials.

RESULTS

We introduced the peridynamic temperature gradient in the so-
lution of the heat conduction problem and the equation of motion
was also modified with the thermal coupling term as:

peit = [(T[X'.X,t] ~T[X, X', t] —a-O[X, X', t])dX' + B

where O7[X,X)t] is the mean value of the temperature between
point X and X:

0 =((T"-T_0)+(T-T_0))/2

This method was applied on a 2-D formulated plane stress/
strain problem. In the case study, the crack nucleation positions were
determined, and after cooling, forward crack initiation and propaga-
tion were also predicted automatically.



ODRY AKOS-V. TADIC,~P. ODRY

A StocHAsTIC LoGIic-BAseD Fuzzy Logic
CoONTROLLER: FIRsT EXPERIMENTAL RESuLTS OF A NOVEL
ARCHITECTURE

Abstract: In stochastic computing (SC) systems numbers are
represented with mean values of random binary sequences. This paper
introduces a novel fuzzy inference architecture, in which the compu-
tational mechanism is based on stochastic logic (SL). First, the basic
concept of SL is described, then the architecture of the SL-based fuzzy
logic controller (SFLC) is built up systematically using the derived
stochastic elements. The second part of the paper demonstrates the ap-
plication of the proposed techniques, where the SFLC-based control
performance is evaluated on a real mechatronic system. The results
show that the SL-based approach provides effective and robust con-
trol performance, simple architecture and high noise tolerance. The
proposed method is also benchmarked against conventional FLCs in-
dicating that the robustness of the stochastic architecture allowed to
outperform the benchmark controllers in noisy environments.



ODRY AKOS

AN OPEN-SOURCE TEST ENVIRONMENT FOR
ErrecTIVE DEVELOPMENT OF MARG-BASED ALGORITHMS

Abstract: This paper presents an open-source environment for
development, tuning, and performance evaluation of magnetic, an-
gular rate, and gravity-based (MARG-based) filters, such as pose es-
timators and classification algorithms. The environment is available
in both ROS/Gazebo and MATLAB/Simulink, and it contains a six-
degrees of freedom (6 DOF) test bench, which simultaneously moves
and rotates an MARG unit in the three-dimensional (3D) space. As
the quality of MARG-based estimation becomes crucial in dynamic
situations, the proposed test platform intends to simulate different ac-
celerating and vibrating circumstances, along with realistic magnetic
perturbation events. Moreover, the simultaneous acquisition of both
the real pose states (ground truth) and raw sensor data is supported
during these simulated system behaviors. As a result, the test envi-
ronment executes the desired mixture of static and dynamic system
conditions, and the provided database fosters the effective analysis of
sensor fusion algorithms. The paper systematically describes the struc-
ture of the proposed test platform, from mechanical properties, over
mathematical modeling and joint controller synthesis, to implemen-
tation results. Additionally, a case study is presented of the tuning of
popular attitude estimation algorithms to highlight the advantages of
the developed open-source environment.



ODRY AKOS-R. FULLER,-I. ]. RUDAS.—P. ODRY

Fuzzy CONTROL OF SELF-BALANCING ROBOTS:
A CONTROL LABORATORY PROJECT

Abstract: This paper presents a novel control laboratory project
that provides hands-on experience in feedback control concepts (em-
bedded control systems) through dedicated assignments, with a par-
ticular focus on the design and implementation of fuzzy control. The
project is structured around an inexpensive, portable self-balancing
robot (SBR), whose embedded system is realized using commercially
available breakout boards as the first assignment. For the stabilization
of the plant, students are guided to execute the essential stages of con-
trol system design, from system modeling and parameter optimiza-
tion, over basic or advanced control strategy design in the MATLAB/
Simulink environment, to both implementation and validation of the
closed loop on the real robot. To demonstrate and foster the applica-
tion of fuzzy logic, the second part of the paper introduces a simple
control strategy based on fuzzy logic controllers. Then, a lookup table-
based implementation technique is described for the demonstration
of manual interfacing and embedded coding of fuzzy control strate-
gies. The proposed methods are clear and straightforward; they highly
foster the understanding of feedback control techniques and allow
students to gain vast knowledge in the practical implementations of
control systems.



ODRY AKOS-1. KECSKES,—P. SARCEVIC,~Z. VIZVARI,—
A. TOTH,-P. ODRY

A NoveL Fuzzy-aparTivE EXTENDED KALMAN
FiLTER FOR REAL-TIME ATTITUDE ESTIMATION OF MOBILE
RoBots

Abstract: This paper proposes a novel fuzzy-adaptive extended
Kalman filter (FAEKF) for the real-time attitude estimation of agile
mobile platforms equipped with magnetic, angular rate, and gravity
(MARG) sensor arrays. The filter structure employs both a quaternion-
based EKF and an adaptive extension, in which novel measurement
methods are used to calculate the magnitudes of system vibrations,
external accelerations, and magnetic distortions. These magnitudes,
as external disturbances, are incorporated into a sophisticated fuzzy
inference machine, which executes fuzzy IF-THEN rules-based adap-
tion laws to consistently modify the noise covariance matrices of the
filter, thereby providing accurate and robust attitude results. A six-de-
grees of freedom (6 DOF) test bench is designed for filter performance
evaluation, which executes various dynamic behaviors and enables
measurement of the true attitude angles (ground truth) along with the
raw MARG sensor data. The tuning of filter parameters is performed
with numerical optimization based on the collected measurements
from the test environment. A comprehensive analysis highlights that
the proposed adaptive strategy significantly improves the attitude es-
timation quality. Moreover, the filter structure successfully rejects the
effects of both slow and fast external perturbations. The FAEKF can
be applied to any mobile system in which attitude estimation is nec-
essary for localization and external disturbances greatly influence the
filter accuracy.



ODRY AKOS-R. FULLER

ComrarisoN oF Ortimizep PID anp Fuzzy
CONTROL STRATEGIES ON A MoBILE PENDULUM RoBoOT

Abstract: This paper investigates the optimized control perfor-
mances of fuzzy and proportional-integral-derivative (PID) control
schemes developed for the stabilization of an under-actuated mobile
robot. The fuzzy control strategy had been designed in an earlier pa-
per, its equivalent PID controller-based scheme is established first.
Then a complex cost function is defined that evaluates the reference
tracking performance, the efficiency of system oscillations suppression
and the average current consumption in the motor drive system. The
particle swarm optimization (PSO) is applied to tune both control
schemes under the same circumstances by minimizing the formulated
cost function. Results demonstrate that the optimized fuzzy control
strategy provides the same reference tracking quality with significantly
better suppression of system oscillations and current peaks compared
to the optimized PID control.



ODRY AKOS.—R. FULLER,~I. ]. RUDAS,—P. ODRY

KALMAN FILTER FOR MOBILE-ROBOT ATTITUDE
ESTIMATION: NOVEL OPTIMIZED AND ADAPTIVE SOLUTIONS

Abstract: This paper proposes two novel approaches to estimate
accurately mobile robot attitudes based on the fusion of low-cost ac-
celerometers and gyroscopes. The first part of the paper demonstrates
the use of a special test bench that both enables simulations of various
dynamic behaviors of wheeled robots and measures their real attitude
angles along with the raw sensor data. These measurements are applied
in a simulation environment and we outline an offline optimization
of Kalman filter parameters. The second part of the paper introduces
a novel adaptive Kalman filter structure that modifies the noise co-
variance values according to the system dynamics. The instantane-
ous dynamics are characterized regarding the magnitudes of both the
instantaneous vibration and the external acceleration. The proposed
adaptive solution measures these magnitudes and utilizes fuzzy-logic
to modify the filter parameters in real time. The results show that the
adaptive filter improves the overall filter convergence by a remarkable
10.9% over using the optimized Kalman filter, thereby demonstrating
its efficacy as an accurate and robust attitude filter. The proposed filter
performances are also benchmarked against other common methods
indicating that the flexibility of the developed adaptive filter allowed
it to compete and even outperform the benchmark filters.



ODRY AKOS-1. KECSKES,—E. BURKUS AND-P. ODRY

ProtECTIVE FUZZY CONTROL OF A TwO-WHEELED
MosBiLE PENDuLUM RoBoT: DESIGN AND OPTIMIZATION

Abstract: This paper describes the design and optimization re-
sults of a cascade fuzzy control structure developed and applied for
the stabilization of an underactuated two-wheeled mobile pendulum
system. The proposed fuzzy control strategy applies three fuzzy logic
controllers to both provide the planar motion of the plant and reduce
the inner body oscillations. Among these controllers, one is a special
PI-type fuzzy logic controller designed to simultaneously ensure the
linear speed and prevent high current peaks in the motor drive system.
The input-output ranges and membership functions of the control-
lers are initially selected based on earlier studies. A complex fitness
function is formulated for the quantification of the overall control
performance. In this fitness function, the quality of reference tracking
related to the planar motion, the efficiency of the suppression of in-
ner body oscillations as well as the magnitude of the resulting current
peaks in the driving mechanism are considered. Using the defined
fitness function, the optimization of the parameters of fuzzy logic con-
trollers is realized with the aid of particle swarm optimization, yielding
the optimal possible control performance. Results demonstrate that
the optimized fuzzy control strategy provides satisfying overall control
quality with both fast closed loop behavior and small current peaks
in the driving mechanism of the plant. The flexibility of the proposed
fuzzy control strategy allows to protect the plant’s electro-mechanical
parts against jerks and vibrations along with smaller energy consump-
tion. At the end of the paper, a look-up table based implementation
technique of fuzzy logic controllers is described, which requires small
computational time and is suitable for small embedded processors.



ODRY AKOS-I. KECSKES—E. BURKUS-Z. KIRALY—
2. ODRY

Ortimizep Fuzzy CoNTROL OF A Two-WHEELED
MosiLE PENDULUM SYSTEM

Abstract: This paper investigates the performance of an op-
timized fuzzy control structure developed for the stabilization of a
naturally unstable mechatronic system. The mechatronic system is a
so-called mobile wheeled pendulum consisting of two actuated coaxial
wheels and an inner body which oscillates (as a pendulum) around the
wheel axis during planar motion. This motion is controlled in closed
loop ensuring both the stabilization of the inner body as well as the
planar motion of the wheels. The control structure comprises three
fuzzy logic controllers whose input-output ranges and membership
functions had been defined heuristically in an earlier study. This paper
analyzes the achievable control performance through the formulation
of a complex performance index and application of the particle swam
optimization on the parameters of the control structure. The complex
performance index took into account the reference tracking errors and
the extent of inner body oscillation. The optimized fuzzy logic con-
trollers showed a remarkable 29% overall performance improvement
in the closed loop dynamics compared to the performance of the ini-
tial fuzzy control parameters. The simulation results proved that the
optimized closed loop behavior protects more the electro-mechanical
structure of the plant since the fast reference tracking performance was
achieved along with effectively limited inner body oscillations.



PETER ODRY-IMRE RUDAS

RoBusT soLuTiON: WHAT DOES IT MEAN AND WHY
SHOULD WE DEAL WITH IT?

Abstract: In the implementation phase of a task, we expect it
to be as reliable and safe as possible with the best possible parameters,
regardless of operating conditions; for example, if we build a structure,
or write a software, or simply want to get from one point to another
in a big city for a given time, etc. Operation under these conditions
is called robust operation. Finding a robust solution is one of the key
strategic issues in today’s accelerated world. There is no time today
to develop a tool, to build it and test it and then modify it, then ap-
ply this cycle several times in every possible load environment, but
we are looking for mathematical methods to solve this optimization
process in a simulation environment. The winning strategy is not sim-
ply about the selection of the optimization method, but also about
the definition of the adequate quality (fitness), the robustness of the
resulting optimum or sensitivity analysis, and the uncertainty analysis
of several parameters.

Modern engineering problems are often composed by objectives
that must be taken into account simultaneously for better design per-
formance. Normally, these objectives are conflicting, i.e., an improve-
ment in one of them does not lead, necessarily, to better results for
the other ones. To overcome this difficulty, many methods to solve
multi-objective optimization problems (MOP) have been proposed.
The simulation model includes environmental or mission parameters
that are not part of the parameters to be optimized but their varia-
tion creates different scenarios. A multi-scenario simulation can be
created with the typical values of these parameters where the opti-
mum is searched for all scenarios at the same time. Such optimum
is more robust than one achieved through a process using separate
scenarios since the intended use of the robot is represented by the
multi-scenarios. A common goal for system design is robustness: the
ability of a system to operate correctly in various conditions and fail
gracefully in an unexpected situation. This paper deals with two dif-



ferent research domains, where the goal of finding the robust solution
is presented. First, Szabad(ka)-II hexapod walker robot as a complex
mechanical structure characterized by three motors per leg is ana-
lyzed. This robot is particularly suitable for testing the robustness of
the closed loop system. During the design process, the minimization
of the mechanical complexity was carefully addressed with the aim
to reduce the unwieldy appearance. In the second part of the paper,
robust methods applied in tomography are discussed. Achieving ro-
bustness in tomographic methods is very important due to the pres-
ence of different measurement noises. The applied inverse calculation
methods are sensitive to noise effects, moreover, the obtained results
are characterized by uncertainties due to the unknown dynamics of
different noise sources.
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GUMIKEVEREKEK ES KULONBOZO ADALEKANYAGOK
HATASA A TERMESZETES ES MESTERSEGES ALAPANYAGOKRA

Osszefoglalds: Szakirodalmi osszefoglalénkban olyan cikkeket dol-
goztunk fel, amelyek megmutatjék, hogyan hatnak az alkalmazott
adalékanyagok a természetes nyersgumi, illetve a vulkanizdlt gumi
mechanikai tulajdonsdgaira. A kutatdsi projektekben hasznalt korom,
szilika, fémrészecskék, kalcium-karbondt, nanorészecskék, kitozan stb.
jelentds mértékben képesek novelni a szildrdsigi jellemz8ket — mint a
szakitdszilardsdg és a csavardsi szildrdsdg —, s ezzel padrhuzamosan csok-
kentik a szivéssdgi jellemzdt, a szakaddsi nyuldst. Azonban mindegyik
publikdcié beszdmol arrél, hogy van egy hatdrérték, amely felett a kii-
16nb6z6 mikro- es nano-tdltdanyagokat adagolva a mechanikai tulaj-
donsdgokban csokkenés/romlds tapasztalhaté. Ez az érték 50-80 phr
kozote valtozik. A cikkekben megadott 100 phr értékii adalékanyagok
szinte kivétel nélkiil rosszabb mechanikai tulajdonsigokat mutattak,
mint a nyersgumi.

Abstract: In our review of the literature, we have developed articles
that show how the applied additives affect the mechanical properties
of natural raw rubber and vulcanized rubber. Carbon black, silica,
metal particles, calcium carbonate, nanoparticles, chitosan, etc. as fill-
ing additives used in research project are able to significantly increase
strength characteristics such as tensile strength and tear strength, and
in parallel reduce the toughness characteristic tensile elongation. But
each publication reports that there is a limit above which, when the
various micro and nano fillers are added, there is already a decrease /
deterioration in the mechanical properties. This value ranges from 50
to 80 phr. The additives with a value of 100 phr given in the articles
showed almost without exception worse mechanical properties than
the raw rubber.



J. PAZMAN-K. FEHER-V. GONDA-B. VERO

EFFECT OF THE HOMOGENIZATION AND COLD DEFOR-
MATION ON THE MECHANICAL PERFORMANCE OF AL8006
ALUMINIUM ALLOY

Abstract: In our study, the base material was the aluminium
alloy of AI8006. Its application area covers amongst others the mate-
rial for multilayer tubes. This alloy has been subjected to different
technological paths consisting heat treatments (homogenization) and
mechanical strengthening technologies: multiple forging, equal chan-
nel angular pressing. The aim of the technological paths was to refine
the primary phase structure, and to look for the technology sequence
that assures the highest strength and the highest toughness at the same
time. To determine this, a complex performance index has been cre-
ated that integrates these property characteristics.



PAZMAN JUDIT-FEHER JANOSNE-GONDA VITOR-
VERO BALAZS

Az AL5182-OTVOZET TELJESITOKEPESSEGENEK
MEGHATAROZASA

Osszefoglalas: Az ipari felhaszndldsok egyre inkibb olyan ext-
rém kritériumokat fogalmaznak meg az aluminiumétvozetekkel szem-
ben, mint a nagy szildrdsdg és nagy szivissdg egyiittese, tovabbd, ha a
felhasznalds megkoveteli, emellé még j6 korréziddllésdgnak is tarsulnia
kell. Ezeket a komplex igényeket a hagyomdnyos technoldgidkkal elér-
ni nem egyszer( feladat. A kutatémunkdnk sordn az autéipar szimdra
fontos Al5182 Stvozetet vizsgdltuk meg abbdl a szempontbdl, hogy a
vevéi igényeknek valé megfelelés milyen technoldgiai miveletsorral
valdsithaté meg. Vizsgdltuk a homogenizédlds hatdsdt, a jelenlegi alkal-
mazott ipari technolégidkat: a meleg- és hideghengerlés kombindcié-
jat, illetve a korszer intenziv képlékeny alakitdsok koziil a konyok-
sajtoldst (ECAP — equal channel angular pressing) és a tobbtengelyt
kovdcsoldst (MF — multiple forging), elemezve, hogy milyen kedvezd,
illetve nemkivdnatos tulajdonsdgokkal ruhdzzék fel az 6tvozetet.
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B1oLOGIAILAG LEBOMLO POLIMEREK

Osszefoglalds: A PLA egy keményitébél késziilt biomdanyag, pon-
tosabb megfogalmazdsban, a genetikailag médositott kukorica kemé-
nyit6jébdl gydrtjak. Egyes szakirodalmak szerint a PLA bioldgiai Gton
bomlik le. Ez az dllitds azonban nem egyértelm(, mivel a ,bioldgiai
boml4s”-t mint degraddcids folyamatot elég tdg hatdrok kozote alkal-
mazzdk. A PLA egy ,komposztilhaté mianyag”, amely ,degraddcié”
utjin bomlik le, de igazi ,,biodegradicié”-rél nem beszélhetiink. Ennek
az az oka, hogy a PLA nem bomlik vagy biodegraddlédik a hulladékle-
rakéban, csak h8hatdsra kezd el bomlani (konkrét esetben 60°C-on, o6t
nap utdn). Kutatémunkdnk sordn a politejsavak kiilonb6z6 kornyezeti
paratméterekkel szembeni viselkedését tanulmanyoztuk, vilaszt keres-
tem arra, hogy a hémérséklet és a pdratartalom, hogyan befolydsolja a
3D-eljdrassal nyomtatott PLA-szakitépdlcik mechanikai jellemzdinek
éreékée. Klimakamrds teszteléseket végeztiink 40°C, 60°C és 70°C-on
45-65-80% pdratartalom mellett. A tesztelt mintdkon szakitévizsga-
latot végeztiink.

Abstract: PLA is a bioplastic made from starch, more specifically made
from genetically modified corn starch. According to some literature,
PLA is biodegradable. However, this statement is not clear because
~biodegradation” is used as a degradation process over a fairly wide
range. PLA is a ,,compostable plastic” that degrades by , degradation”,
but real ,biodegradation” cannot be said. This is because PLA does not
decompose or biodegrade in the landfill, it only starts to decompose
under the influence of heat (in this case at 60°C, after five days). In the
course of our research I studied the behavior of polylactic acids against
different environmental parameters, We were looking for an answer



to how temperature and humidity affect the value of the mechanical
properties of PLA tensile rods printed by the 3D process. Climate
chamber tests were performed at 40°C, 60°C and 70°C and 45-65—
80% humidity. We performed a tensile test on the tested samples.



J. B. RENKO-P. BERECZKI-GY. KRALLICS

VIRTUAL AND PHYSICAL COMPARISON OF MULTI-
AXTAL FORING PROCESS

Abstract: On a Gleeble 3800 thermo-physical simulator, multi-
axial forging of high-purity copper workpieces were performed.
The strain rate during the simulation process was 0.1 s—1. The force
response and the geometric changes of the workpiece as a function
of time were continuously recorded. For a deeper understanding of
the multi-axial forging process, a finite element model was created
in Qform3D, analysing the changes in the deformation history. In
the virtual model, tool movements were controlled using the recorded
data of physical simulations. The force-displacement curves of the
physical and finite element simulation were compared. The measured
and simulated temperature and force values were used to verify the
finite element model.



RENKO JOZSEF BALINT-SZABO PETER JANOS

EN-AW 6082 ALUMINIUMOTVOZET TOBBTENGELYU
KOVACSOLASANAK FIZIKAI ES VIRTUALIS SZIMULACIOJA

Osszefoglalés: EN-AW 6082 aluminiumétvozet tobbtenge-
Iyt kovdcsoldsdt végeztitk el Gleeble 3800 termofizikai szimuldtor
MaxStrain-egységén. Az egyes kovicsoldsi [épések sordn kozel azonos
mértékd egyenéreékd képlékeny alakitdst értiink el. A logaritmikus
alakviltozds 1épésenként 0,4 volt, a kumuldlt egyenéreékd alakvalto-
zds mértéke koriilbeliil 4-re adédott. Minden 1épés utdn képeket ké-
szitettiink a mintdrél, hogy a geometriai véltozdsokat nyomon tud-
juk kovetni. A vizsgdlt alakvéltozdsi sebesség 0,1 1/s volt. Az alakitds
kovetkeztében fellépd hémérséklet-valtozdst az alakitdsi zona mellett
elhelyezett termoelemmel mértitk. A fizikai szimuldcié végeselemes
modellezését QForm3D 9.0.9 szoftverrel készitettiik el. A fizikai szi-
muldcié sordn a szerszdm elmozduldsit és a hémérséklet valtozdsit
rogzitettiik. Ezeket az elmozdulds értékeket, mint peremfeltételt hasz-
ndltuk fel a végeselemes modellezés sordn. A fizikai szimuldcié h6mér-
séklet—id&- és er6—elmozdulds-diagramjait 6sszevetettitk a végeselemes
modellezéssel kapott diagramokkal.



RENKO JOZSEF-BERECZKI PETER

Osszefoglals: Az elmdlt évtizedekben az intenziv képlékeny-
alakitds (SPD — Severe Plastic Deformation) technolégidja jelentds fej-
16désen ment keresztiil. Nagyon sok eljirdst fejlesztettetek ki, koziilitk
az egyik a tobbtengelyli kovdcsolds. Az SPD-technoldgia alkalmaza-
sdval lehetdségiink nyilik az ultrafinom szovetszerkezet(i anyagok eld-
dllitdsdra, jelentésen modositva a jelenleg haszndlt anyagaink mecha-
nikai és mikroszerkezeti tulajdonsdgait. A Gleeble 3800 termofizikai
szimuldtor MaxStrain-egységén végrehajtott tdbbtengely(i kovdcsoldsi
kisérletekkel az EN AW-5182-es aluminium 6tvozetben végbemend
mikro- és makroszerkezeti véltozdsokat kovettitk nyomon. A berende-
zés programozhatésdganak koszonhetden kivdléan alkalmas az alakitd-
si folyamat szabdlyozott megvaldsitdsdra, vizsgalatdra.

Cikksorozatunk elsd részében a kiinduldsi anyag szerkezetével,
a tobbtengelyl kovicsolds folyamatdval, valamint annak a mechani-
kai tulajdonsdgokra gyakorolt hatdsdval foglalkozunk. A mdsodik rész
a ciklikus folyamatra jellemzd alakitasi szildrdsdgot, valamint az ez-
zel szorosan Osszefiiggd alakitdsi keményedést tdrgyalja. A harmadik
szakaszban a vizsgilt anyagmindség egytengelyd z6mité-, és szakitd-
vizsgdlatait, illetve azok eredményeit mutatjuk be. A negyedik rész-
ben az el6z6leg végrehajtott és kiértékelt mechanikai anyagvizsgalatok
eredményeit felhaszndlva, az anizotrdpia részletes elemzésével foglal-
kozunk. Cikksorozatunk utolsé részében pedig a vizsgilt anyagban
mikroszerkezeti szinten végbemend véltozdsok elemzését mutatjuk be.

Osszefoglalva otrészes cikksorozatunk eredményeit, megdlla-
pithatjuk, hogy kutatdsunk sordn részletesen megismertitk az ipari
gyartasbol szdrmazd, melegen el6hengerelt EN AW-5182-es alumi-
nium 6tvozet viselkedését a tobbirdnyu képlékeny deformdciét meg-
valésité tobbtengelyli kovdcsolds sordn. Egyértelm(i kapcsolatokat
sikertilt kimutatnunk a makroszkopikus mechanikai (t6bbirdnyd fo-
lydsgorbék, keménység-eloszldsok, szakitévizsgdlati mérészdmok) és
a mikroszerkezeti (szemcseméretek, orientdcids viszonyok) jellemzdk
folyamat kozbeni valtozdsa kozott. Ezen jellemzdk egyiittes figyelem-
be vételével pedig azonositani tudtuk az ultra-finomszemcsés szerkezet
kialakuldsinak kezdetét, illetve nyomon kévettiik a szemcsefinomoda-
si folyamat el6rehaladdst.
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REAKTORSZERKEZETI ANYAGOK HEGESZTETT
KOTESEINEK KISCIKLUSU FARASZTASA

Osszefoglalds: A nyomottvizes reaktorok reaktortartalya az atomerd-
mi biztonsdgos tizemeltetése szempontjibdl kiemelt fontossdgt be-
rendezés. Nagy nyomdson (12—15 MPa) és nagy hémérsékleten (250—
325 °C) tizemel és magiba foglalja a reaktor aktiv z4ndjat. A tartaly és
a hozzd kapcsolédé nyomdstarté berendezések szerkezeti integritdsa-
nak biztositdsa elsédleges fontossdgt az erémi teljes tizemideje alatt,
mivel ezek épsége szavatolja azt, hogy radioaktiv kozeg nem keriil el-
lenérizetleniil a technolégiai rendszeren kiviilre, és nem veszélyezteti
az er6m dolgozodit, a lakossdgot és a kornyezetet. Emiatt a reaktortar-
tilynak a reaktor normdl tizemallapotaibdl és a lehetséges tizemzavari
dllapotokbdl eredd valamennyi terhelést el kell tudnia viselni, sériilés
nélkiil. Annak ellenére, hogy léteznek elemzések, melyek a reaktortar-
tély cseréjének muszaki megoldhatdsdgit igazoljak, az élettartam-gaz-
dilkodds szemszogébdl nézve nem cserélheté berendezésnek tekintik.
A fentiek szerint a reaktortartdly az atomer6mi azon berendezése,
amelyik az tizemeltetési élettartam kereteit kijeloli.

Az atomerdm{i berendezései nagyszdmu hegesztési varratot, illetve
hegesztéssel késziilt korr6ziévédd plattirozdst tartalmaznak, ezért az
alapfém tulajdonsdgainak megismerésén tdl legaldbb ugyanilyen fon-
tos az alapfém dltaldban alakitott szerkezetétdl jelentésen kiilonbozd,
ontott strukedrdjad hegeszeett kotések faraddsi viselkedésének ismerete.

Az energiaiparban még a statikus tizemiinek tekintett szerkeze-
tek igénybevétele is nagymértékben viltozik inditdskor és ledlldskor,
flitéskor és hiitéskor, meleg vagy hideg kozeg betdpldldsakor. Ezek a
jarulékos fesziiltségek sokszor joval nagyobbak a tervezett iizemi fe-
sziiltségeknél és gyakran okoznak kisciklusi féraddst. A szakiroda-
lomban taldlhat6 legtobb kutatds atomer8miii berendezések korében



dllandé hémérsékleten végzett faraddsra irdnyult. Ezekben a berende-
zésekben az inditdsok és ledlldsok, valamint az tizem kozben fellépd
hémérsékletingadozdsok miatt nem csak a belsé nyomdsbdl szdrmazé
fesziiltségek, hanem a hémérséklet-gradiensek kovetkeztében fellépd
héfesziiltségek is jelentds intenzitdst érhetnek el, tovabbd a szerkezeti
anyag héfizikai tulajdonsdgai is jelentdsen véltoznak hémérsékletvdl-
tozds hatdsdra. Az irodalombdl megismerheté dllandé hémérsékleten
végzett kisciklust férasztdvizsgdlat sordn ezeket a hatdsokat figyelmen
kivil hagytik. Kutatémunkdnkban a valés tizemi kérialményeket job-
ban kozelitd termomechanikai férasztévizsgdlatokkal lehetdség nyi-
lik a mechanikai ciklusokkal pirhuzamosan hémérsékleti ciklusokat
miikddtetni a prébatestre, igy a berendezés tényleges terhelése ponto-
sabban modellezhetd, ezdltal a reaktortartdly és hegesztett kotéseinek
véarhat6 élettartama pontosabban kozelithetd.

Abstract: The reactor vessel of Pressurized Water Reactors is a key
equipment for the safe operation of a nuclear power plant. It oper-
ates at high pressure (12-15 MPa) and high temperature (250-325
°C) and includes the reactor core. Ensuring the structural integrity of
the tank and associated pressure equipment and its welded joints is
paramount throughout the life of the plant, as their integrity ensures
that radioactive media do not escape uncontrolled outside the process
and do not endanger plant workers, the public and the environment.
Therefore, the reactor vessel must be able to withstand all loads re-
sulting from the normal operating conditions of the reactor and pos-
sible malfunctions without damage. Although there are analyzes that
demonstrate the technical feasibility of replacing the reactor vessel, it
is considered a non-replaceable equipment from a management per-
spective. As mentioned above, the reactor vessel is the equipment of
the nuclear power plant that designates the framework of the operat-
ing life.

The equipment of a nuclear power plant includes a large number of
welds and corrosion protection cladding made by welding, so in addi-
tion to understanding the properties of the base metal, it is at least as
important to know the fatigue behavior of welded joints with signifi-
cantly different structure than the base metal. In the energy industry,
even the use of structures considered to be static varies greatly during
start-up and shut-down, heating and cooling, and feeding hot or cold



media. These additional mechanical stresses are often much higher
than the design operating stress and often cause short-cycle fatigue.

Most of the research in the literature has focused on fatigue at con-
stant temperatures among nuclear power plant equipment. In these
devices, not only stresses from internal pressure but also thermal
stresses due to temperature gradients can reach significant intensities
due to starts and stops and temperature fluctuations during operation,
and the thermophysical properties of the structural material change
significantly with temperature change. In a low-temperature fatigue
test at constant temperature known from the literature, these effects
were ignored. In our research, thermomechanical fatigue tests that
better approximate real operating conditions make it possible to oper-
ate temperature cycles on the specimen in parallel with the mechani-
cal cycles, so the actual load of the equipment can be more accurately
modeled, thus the life expectancy of the reactor vessel and welded
joints can be approximated more accurately.
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RONCSOLASMENTES VIZSGALATI MODSZEREK
FEJLESZTESE

Gsszefoglalés: A projekt sordn kiilonb6z8 altémdkban végeztiink fej-
lesztéseket, melyeket sikeresen megvaldsitottunk. A magnetoakusztikus
vizsgdlérendszeriinkkel, a hozza kifejlesztett egyedi mérd, adatgytijté
és kiéreékeld szoftverrel acéllemezekben anizotrépia mutathaté ki
aluminium lemezek esetében pedig texturavizsgdlat végezhetd. Pész-
tdzd Orvénydramos vizsgdlérendszeriinkkel acélmintdkban kiilonbo-
z8 anyagfolytonossdgi hibdk mutathaték ki. A pdsztdzé ultrahangos
v1zsgalorendszere1nkkel nemcsak forrasztdsok, hanem muanyag al-
katrészek gydrtdsi hibdi, valamint NYAK-lemezekben delaminiciés
vizsgalatok is végezhetSk. Az dltalunk kifejlesztett vezérlszoftverekkel
végzett mérések eredményei reprodukalhatdk és 3D-ben is megjele-
nitheték.

Abstract: During the project we carried out developments in various
sub-themes which we successfully implemented. With our magnetoa-
coustic testing system and the unique measuring, data acquisition and
evaluation software anisotropy can be detected in steel sheets and tex-
ture testing can be performed in the case of aluminium sheets. With
our scanning eddy current testing system various material continuity
defects can be detected. With our scanning ultrasonic testing systems
not only solderings but also manufacturing defects in plastic parts and
delamination tests in PCBs can be performed. The results of measure-
ments performed with the control software developed by us can be
reproduced and displayed in 3D.



VLADIMIR TADIC-AKOS ODRY-ATTILA TOTH-
ZOLTAN VIZVARI-PETER ODRY

Fuzziriep CiRcULAR GABOR FILTER FOR CIRCULAR
AND NEAR-CIRCULAR OBjECT DETECTION

Abstract: This paper presents a new algorithm for filtering and
detecting circular and deformed circular objects. The resulting proce-
dure is based on fuzzifying the parameters of a circular Gabor filter to
optimize the response of the circular Gabor filter and achieve addi-
tional selectivity of the filter. Circular and deformed circular objects of
interest were efficiently extracted, and considerable resistance to noise
and image degradation was achieved.
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EDpGE-PRESERVING FILTERING AND Fuzzy IMAGE EN-
HANCEMENT IN DEPTH IMAGES CAPTURED BY REALSENSE
CAMERAS IN ROBOTIC APPLICATIONS

Abstract: This paper presents both the use of depth cameras in
robotic applications and effects of post-processing on the captured
depth images. The performance of depth cameras and post-process-
ing image enhancement are evaluated with the aim to improve the
depth-based object detection. First, the edge-preserving exponential
moving average (EMA) filter and the fuzzy contrast enhancement pro-
cedures are briefly introduced. Then, the use of depth cameras with
postprocessing methods is shown in the example of painting robots.
The use of the stereo depth camera is essential in robotic applications,
since it constitutes the initial steps in a series of robotic operations,
where the goal is to both detect and extract obstacles on walls that are
not intended to be painted.



VLADIMIR TADIC-ERVIN BURKUS-AKOS ODRY—
ISTVAN KECSKES-ZOLTAN KIRALY-PETER ODRY

ErrecTs OF THE POST-PROCESSING ON DEPTH VAL-
UE AccUrAcCY OF THE IMAGES CAPTURED BY REALSENSE
CAMERAS

Abstract: This paper presents the use of depth cameras in ro-
botic applications, as well as the effect of post-processing on captured
depth images. The aim is to test the capabilities of depth cameras in
order to better detect objects in images based on depth information, as
well as the effect of additional post-processing of depth images. In the
paper, the Intel RealSense depth cameras are introduced briefly and
their working principle and characteristics are explained. A series of
experiments confirmed that camera D415 provides much more pre-
cise and accurate depth information than camera D435.



VLADIMIR TADIC-ZOLTAN KIRALY-PETER ODRY—
ZELJEN TRPOVSKI-TATJANA LONCAR-TURUKALO

ComrAarISON OF GABOR FiLTer Bank anp Fuzzi-
FIED GABOR FILTER FOR LICENSE PrLATE DETECTION

Abstract: This paper presents a comparative study of improve-
ments to the algorithms for license plate extraction from images cap-
tured using conventional, modest-quality cameras. It compares the
results and efficacy of two similar algorithms which primarily differ in
the raw image pre-processing stage of the initial image. One algorithm
uses the Gabor filter bank with distinctly crisp parameters; the other
relies on the fuzzified Gabor filter bank with fuzzified parameters to
facilitate their adjustment. Results indicate that the fuzzy reasoning
introduced for Gabor filter parameter adjustment improves the de-
tection of the components of interest in complex images and adds
minimal deviation compared to the Gabor filter bank with distinctly
crisp parameters.



VLADIMIR TADIC—ZOLTAN KIRALY-ZELJEN
TRPOVSKI-TATJANA LONCAR TURUKALO—
PETER ODRY

EVOLUCI]A (GGABOROVOG FILTRA U APLIKACIJI DE-
TEKCIJE REGISTARSKIH TABLICA

Abstract: This work presents the evolution of Gabor filter in
application of license plate detection. The initial algorithm is based
on vertically oriented Gabor filter, from later was developed a Gabor
filter bank with crisp-distinctly specified parameters. As the ulti-
mate step of development, the fuzzified Gabor filter was presented. All
three filters give satisfactory results, but in experiments it was proved
that the fuzzified Gabor filter gives the best results in preprocessing of
the initial image of vehicle, because the fuzzified filter has the best
response in the region of license plate. After this the license plate was
extracted with least damages. The components of interest were ef-
ficiently extracted, and the procedure was found to be very noise-re-
sistant.



VLADIMIR TADIC-ZOLTAN KIRALY—

ZELJEN TRPOVSKI-TATJANA LONCAR TURUKALO-
PETER ODRY

Fuzziriep GABOR FILTER FOR TEXT RECOGNITION
IN IMAGES

Abstract: This paper presents a fuzzified Gabor filter in applica-
tions of a text recognition in images. The filter orientation and wave-
lengths are fuzzified to optimize the filter’s response. It was shown
that Bell’s function and triangular membership function are the most
appropriate for fuzzification. The algorithm was tested on various
images that contain text, and has provided satisfactory results. The
components of interest were efficiently extracted. The use of fuzzified
Gabor filter produced satisfactory results with efficient text detection
and extraction, and good noise robustness.



VLADIMIR TADIC-AKOS ODRY-ISTVAN KECSKES—
ERVIN BURKUS-ZOLTAN KIRALY-PETER ODRY

ArPLICATION OF INTEL REALSENSE CAMERAS FOR
DEerTH IMAGE GENERATION IN ROBOTICS

Abstract: 'This paper presents the applications of depth cam-
eras in robotics. The aim is to test the capabilities of depth cameras in
order to better detect objects in images based on depth information.
In the paper, the Intel RealSense depth cameras are introduced briefly
and their working principle and characteristics are explained. The use
of depth cameras in the example of painting robots is shown in brief.
The utilization of the RealSense depth camera is a very important step
in robotic applications, since it is the initial step in a series of robotic
operations, where the goal is to detect and extract an obstacle on a wall
that is not intended for painting. A series of experiments confirmed
that camera D415 provides much more precise and accurate depth
information than camera D435.
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A Rosust Text DETECTION METHOD IN LOW-
Quarrry ImaGes Using Fuzzy GaBor FILTER

Abstract: This research presents a robust fuzzified Gabor filter
[1]-[3] in applications of a text recognition in low-quality images. The
filter orientation and wavelengths are fuzzified to optimize the filter’s
response. It was shown that the Bell’s function and the triangular
membership function are the most appropriate for fuzzification. The
algorithm was tested on various images that contain text and has pro-
vided satisfactory results. The components of interest were efficiently
extracted. The use of fuzzified Gabor filter produced satisfactory re-
sults with efficient text detection and extraction, and good robustness
to noise.



TADITY VLADIMIR

2D GABOR-SZURO FUZZIFIKALASA ES ALKALMAZASA
v ” v ’, v / ’
A JARMUVEK RENDSZAMTABLAINAK FELISMERESEBEN

Osszefoflalds: Fz a kutatds egy j algoritmust mutat be, me-
lynek célja a jérmivek rendszimtabldinak detektildsa és kiemelése
osszetett képbdl 2D fuzzy Gébor-szlird alkalmazdsdval. A sz(ir§ para-
méterei fuzzyfikdlva voltak a Gdbor-szir8 optimalizdldsa céljabdl. A
Gdbor-sz(ird orientdciéi és hullimhosszai voltak fuzzyfikdlva. Az adott
paraméterek fuzzyfikdldsa eredményezi a hatékony és nagyfokd sze-
lektivitdst. Bebizonyosodott, hogy az adott paraméterek domindnsan
kihatnak a szlirési eredményekre. A Bell-féle és a hdromszog alaka
tagsdgi figgvények alkalmaztuk a fuzzy rendszer tervezésében. A 2D
fuzzy Gébor-sziir6 kitiné eredményeket szolgdltatott, a keresett kép-
komponensek hatékonyan szlirtek és a szlirési algoritmus zajallénak és
robusztusnak bizonyult.
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MEASUREMENT SYSTEM WITH REAL TIME DATA
CONVERTER FOR CONVERSION OF I[2S DATA STREAM TO
UDP rroTOCOL DATA

Abstract: A central goal of systems neuroscience is to
simultaneously measure the activities of all achievable neurons in
the brain at millisecond resolution in freely moving animals. This
paper describes a protocol converter which is part of a measurement
acquisition system for multichannel real time recording of brain
signals. In practice, in such techniques, a primary consideration of
reliability leads to great necessity towards increasing the sampling
rate of these signals while simultaneously increasing the resolution of
A/D conversion to 24 bits or even to the unprecedented 32 bits per
sample. In fact, this was the guiding principle for our team in the
present study. By increasing the temporal and amplitude resolution, it
is supposed that we get enabled to discover or recognize and identify
new signal components which have previously been masked at a “low”
temporal and amplitude resolution, and these new signal components,
in the future, are likely to contribute to a deeper understanding of the
workings of the brain.
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HATEKONY SZOMSZEDKERESO ALGORITMUSOK
ALKALMAZASA SZILARD TESTEK NAGY ALAKVALTOZASAINAK
PERIDINAMIKUS MODELLEZESE SORAN

Osszefoglalés:

HATTER

A kutatds sordn az egyik kitizott célunk egy repedéskeletkezés
és terjedés leirdsdra alkalmas megbizhat6 és a korabbiakndl gyorsabb
peridinamikus megoldé létrehozdsa volt. A csomépontok létrehozdsa
a feladatul kittizott egyszer(i esettanulmanyokban — kdszonhetéen az
egyszerd geometriai kialakitdsnak — nem jdrt jelentds idésziikséglettel.
A késébbiekben, bonyolultabb geometridval rendelkezd feladatok ese-
tén itt még felmeriilhetnek kérdések.

A peridinamikus mozgds-, egyensilyi vagy hévezetési egyenle-
tek nemlokdlis természetliek, az egy tetszblegesen kivélasztott anyagi
pont gyorsuldsit/egyensilydt vagy hémérsékletét nem csak kozvetlen,
de véges tdvolsigban 1évd kornyezet is befolydsolja. A csomépontok
peridinamikus kapcsolatain az ezen a tdvolsdgon beliil elhelyezkedd
szomszédokat értjiik.

MODSZEREK

Nagy alakviltozdsok esetén a testen belili peridinamikus
pontok létrehozdsa és a pontok szomszédainak megtaldldsa az egyik
legszdmitasigényesebb részfeladat.

A kapcsolatok dsszegytjtésére szimos algoritmus taldlhaté a szé-
mitégépes grafikdval (computational graphics) és a szemesés halmazok
(particle dynamics) mechanikdjdval kapcsolatos szakirodalomban. A
peridinamikus kutatdsok egyel6re nem helyeztek erre tdl nagy sdlyt. A
szomszédkeresés kétféle kovetelmény szerint lehetséges:

az NN szdmu legkozelebb 1évé szomszédot keressiik vagy
az R sugart koron/gombon beliil 1évé szomszédot keressiik.



A legelterjedtebb szomszédkeresd algoritmusok: linedris keresés,
térfelosztds, kozelité modszerek.

EREDMENYEK
Megmutattuk, hogy a peridinamikus megoldds minésége — pon-
tossdga és a szdmitdsok stabilitdsa — egyértelmien fligg a csomdpontok
kapcsolatainak szdmatdl.
Kutatdsainkban 6sszehasonlitottuk az aldbbi algoritmusok alkal-
mazhat6sdgdt és sebességét:
naiv algoritmus CPU-n futtatva,
K-d tree algoritmus CPU-n futtatva,
Fast Clustering algoritmus CPU-n futtatva,
K-NearestNeighbours algoritmus GPU-n futtatva.
Megmutattuk, hogy a csomépontok szdmdtdl és kivdnt kap-
csolatok szdmdtdl (NN) vagy a kivdnt sugdr (R) méretétd] fuggden a
CPU-alapt K-d tree vagy a GPU-alapt K-NearestNeighbours algorit-
mus a hatékonyabb.
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APPLICATION OF EFFECTIVE NEIGHBOR-FINDING
ALGORITMS IN PERIDYNAMIC MODELLING OF LARGE
DEFORMATION SOLID MECHANIcs

Abstract:

BACKGROUND

One of our goals in the research was to create a reliable and
faster peridynamic solver suitable for describing crack formation
and propagation. The creation of nodes in the simple case studies set
out for the task — thanks to the simple geometric design — did not
require significant time. In the case of later tasks with more complex
geometries, questions may still arise here.

Peridynamic equations of motion, equilibrium, or thermal
conductivity are nonlocal in nature, and the acceleration / equilibrium
or temperature of an arbitrarily selected material point is affected not
only by a direct but also by a finite distance environment. Peridynamic
connections of nodes are understood to mean neighbors located within
this distance.

METHODS

In the case of large deformations, creating peridynamic points
within the body and finding the neighbors of the points is one of the
most computationally demanding subtasks.

There are several algorithms for collecting relationships in the
literature on computational graphics and the mechanics of particle
dynamics. Peridynamic research has not yet placed too much emphasis
on this. Neighbor search is possible according to two requirements:

the NN pieces of neasrest neighbours are looking for or
the points in the neighbourhood of radi R are searched.

The most common neighbor search algorithms: linear search,
space division, approximation methods



RESULTS
We have shown that the quality of the peridynamic solution — ac-
curacy and stability of calculations — clearly depends on the number of
node connections.
In our research, we compared the applicability and speed of the
following algorithms:
naiv algorithm running on CPU,
K-d tree algorithm running on CPU,
Fast Clustering algorithm running on CPU,
K-NN algorithm running on GPU.
We have shown that depending on the number of nodes and the
number of desired connections (NN) or the size of the desired radius (R),
the CPU-based K-d tree or the GPU-based K-NearestNeighbors algo-

rithm is more efficient.



