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MECHATRONIC SYSTEMS

5 — DOF planar — rotary motions piezoelectric robot
Andrius CEPONIS'2", Vytautas JURENAS'? and Dalius MAZEIKA2<

'Robotics and Piezomechanics Laboratory, Institute of Mechatronics, Kaunas University of
Technology, K. Donelaiio str. 73, Kaunas, Lithuania

2Department of Information Systems, Faculty of Fundamental Sciences, Vilnius Gediminas
Technical University, Saulétekio avn., 11, Vilnius, Lithuania

aandrius.ceponis@ktu.lt, Pvytautas.jurenas@ktu.lt, °dalius.mazeika@vilniustech.It
*the corresponding author

Keywords: 5 — DOF, unlimited planar displacement range, micro — scale resolution, rotary motion.

Abstract. The paper represents numerical and experimental investigation of 5 — DOF
piezoelectric robot which is able to provide two types of motions during operation in different
modes i.e. planar and rotary motion modes. Therefore, while the rotary motion mode is
active the robot is able to generate rotation of spherical rotor in three directions. Otherwise,
if the planar motion mode is active the robot is able to generate unlimited displacement
range motion in plane while rotary motion of spherical rotor is not generated. The planar
displacement range is limited only by desired operation surface. The design of the robot is
simple and is based on piezoelectric ring and passive layer made from stainless steel. The
planar or rotary motion can be excited by one or two harmonic excitation signals which
should be applied to appropriate electrodes which are formed on top surface of the ring. The
operation principle of the robot is based on two vibration modes i.e. radial and bending
modes of piezoelectric ring. Numerical and experimental investigations showed that
proposed design of the robot is suitable to generate two types of motion and showed that
motion modes does not interacts with and does not have influence to accuracy of motions.

Funding: This research was funded by the European Social Fund according to the activity
“Promotion of postdoctoral fellowships studies” of Measure No. 09.3.3-LMT-K-712



Small size 2-DOF piezoelectric platform for unlimited locomotion
Andrius CEPONIS'2", Dalius MAZEIKA2®, Viytautas JURENAS3<,

Piotr VASILJEV#9, Regimantas BAREIKIS*¢, Sergejus BORODINAS®! and
Vytautas OSTASEVICIUS®9
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Technical University, Saulétekio avn. 11, Vilnius, Lithuania

2Department of Information Systems, Faculty of Fundamental Sciences, Vilnius Gediminas
Technical University, Saulétekio avn. 11, Vilnius, Lithuania
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dvytautas.ostasevicius@ktu.lt
*the corresponding author

Keywords: 2DOF positioning platform, a piezoelectric actuator, unlimited displacement range.

Abstract. The paper represents a numerical and experimental investigation of a 2DOF
piezoelectric positioning platform that can provide unlimited displacement in the plane. The
platform consists of three piezoelectric bimorph plates that are located around the
triangle-shaped supporting structure by an angle of 120 degrees. Spherical alumina
contacts are glued at the bottom surface of each bimorph plate. The platform is an active
part of the system and can move on the hard surface in an unlimited displacement range.
The platform's operation principle is based on the excitation of the first bending mode of
piezoelectric bimorph plates. Two thin connecting beams are placed at nodal lines of the
bimorph plate's vibration and are used for plate clamping to the supporting triangle structure.
The direction of the platform motion is controlled by corresponding excitation regimes of the
piezoelectric bimorph plates. Linear movement of the platform is achieved when the
harmonic signal is applied to the single bimorph plate. The remaining two plates operate as
passive supports in this case. Moreover, in order to obtain the nonlinear trajectory of the
platform motion, the bimorph plates are excited using harmonic electric signals with different
amplitudes. A numerical investigation of the 2-DOF platform was performed, and it was
found out that the suitable vibration mode of the bimorph plates occurs at 23.54 kHz.
Harmonic response analysis showed that the maximum displacement amplitude of the
contact reached 561.12 um in the Z direction while an excitation signal of 210 Vp-p was
applied. Prototype 2-DOF piezoelectric platform was made, and an experimental study was
performed. Impedance—frequency measurements showed that the operating frequency of
the platform is at 23.15 kHz. The maximum linear velocity of 44.45 mm/s was obtained while
load of 55.68g N and applied and electrical signal of 210 Vp-p was used.



Fig.1. Design of 2-DOF platform; 1 — a support triangle; 2 — piezo ceramic plates; 3 — contact
spheres; 4 — load of the platform; 5 — elastic plate.

Funding: This research has received funding from the European Regional Development
Fund (project No 01.2.2-LMT-K-718-01-0010) under a grant agreement with the Research

Council of Lithuania.



Precision of Simulation Models of Human Lower Limb Motion
Dmitri ROBAK'2, Victor MUSALIMOV2?, Gennady ARYASSOV3¢ and

Ilgor PENKOV#494~

' Department of Mechanical and Industrial Engineering, Tallinn University of Technology, Tallinn,
Estonia

2 Department of Mechatronics, National Research University of Information Technology, Mechanics
and Optics, Saint-Petersburg, Russia

3Virumaa College, Tallinn University of Technology, Kohtla-Jarve, Estonia

4 Department of Mechanical and Industrial Engineering, Tallinn University of Technology, Tallinn,
Estonia

admitrirybak@gmail.com, Pmusvm@ya.ru, °gennadi.arjassov@taltech.ee, %igor.penkov@taltech.ee
*the corresponding author

Keywords: Knee Joint, Modelling, Capture System, Bio-mechatronics, Inertia, Accelerometer.

Abstract. The paper discusses possibility for using marker and markerless capture systems
for analyzing of human motion. Accuracy of human motion simulation will be compared on
base of two optical systems — Vicon and Kinect. The first system uses markers for capture of
human motion and the second one is markerless. Tests with Kinect system were made in
laboratory of Tallinn University of Technology and Vicon system results were obtained in the
research center of St. Petersburg State University of Film and Television [1]. Kinect is a
device of small size, consisting of a projector emitting infrared radiation, an infrared receiver,
a conventional optical camera and a chip, which allows recognizing the movements of
objects and people in three-dimensional space. The device projects infrared rays and
receives them back, analyzing the time spent on the path of the ray, and thus, building a

depth manuscript of the images.
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Fig. 1. Motion of human lower limb: a) right knee, b) left knee; green line — Vicon results, blue
line — Kinect results, red line — OpenSim model results.

There were measured motion of human knee and ankle by Vicon and Kinect systems and
obtained results were compared to standard model of OpenSim system. Results are
presented in the Fig. 1. Generally, right and left knees motion obtained by marker and
markerless systems are close to the standard model. Data obtained by Vicon system repeat
the knees motions more precisely than the data obtained by Kinect system, but the angle
change of the knee in the Kinect system is more precisely. This takes place due to the
approximation of the lower limbs’ movements in the process of the motion capture by the



systems Vicon and Kinect. The discrepancy between the data over time takes place due to
the data lagging.

Since both marker and markerless systems give close results for motion simulation, let us
analyze relative displacement of femur and cnemis by help of Matlab and based on the data
obtained by Vicon and Kinect. Results are shown in the Figs. 3 and 4. It is possible to see
that the magnitudes of angle between femur and cnemis for right leg vary in range from —
0.6° to — 70.0° in case of Vicon using. In case of Kinect this range is from — 4.2° to — 55.5°.
For left leg these values will be from —3.3° to — 70.4° and from — 1.8° to — 55.5° for Vicon and
Kinect measuring accordingly.
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Fig. 2. Angle between femur and cnemis of Fig. 3. Angle between femur and cnemis of
the right leg the left leg

Analyzing of inertial systems is based on laboratory tests conducted in Tallinn University of
Technology [2] and Saint-Petersburg National Research University of Information
Technology, Mechanics and Optics [3]. Method is enough exact but needs lot of
accelerometers and complicated analysis after obtaining of test data. Because of this, it will
be considered only motion of human foot. Movements of right and left foot for one motion
cycle are presented in Fig. 4.
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Fig. 4. Foot motion during walking of inertial Fig. 5. Foot motion obtained by help
measuring system

The experimental results obtained in our laboratory were compared to the results described
above. The comparison is presented in Fig. 5. Experimental and referenced lines are very
close but there is a little difference in time. The results deviation is about 5%.
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Mathematical modelling and theoretical research of micropositioning
system

Jurga SUBACIUTE - ZEMAITIENE'2", Vaiva TRECIOKAITE2b,
Nikolaj SESOK3¢, Ernestas SUTINYS*9, Andrius DZEDZICKIS5¢ and
Vytautas BUCINSKASS!

123456 Vilnius Gediminas technical university, Department of Mechatronics, robotics and digital
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3jurga.subaciute-zemaitiene@vilniustech.lt, Pvaiva.treciokaite@stud.vgtu.lt,
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*the corresponding author

Keywords: micro positioning system; stepper motor; ball-screw drive; dynamic model.

Abstract. Robotic micropositioning systems - devices that operate with micrometre
accuracy and are used in industry and scientific research [1], [2]. Due to the rapid
development of technologies and the wide range of applications, the demand for
micropositioning systems is growing every year [1], [3]. All micropositioning systems suffer
from transient processes that affect the resolution, accuracy and smoothness of the motion
[4], [3]. One of the methods to reduce the impact of transient processes is the mathematical
modelling of such systems [5], [6]. Mathematically obtained results allow to determine
system weaknesses and chose suitable control and positioning errors compensation
methods [7], [8].

Our research is aimed to provide a mathematical model of one axis of a robotic
micropositioning system. Modelled axis consists of a stepper motor, linear guides,
ball-screw drive and bearing hub. Our developed dynamic model (Fig. 1) considers the main
mechanical parameters of all mentioned components: motor rotor moment of inertia Ju , the
screw moment of inertia Js, the mass of the nut - m,, table mass ms, as well as stiffness and
damping of all parts. The movement of the mechanical system is provided by the torque M
generated by the stepper motor. Stepper motor rotor, ball-screw, nut and table are
considered as an absolutely rigid body.
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Fig.1. The dynamic model of one axis of the robotic micropositioning system

Based on the dynamic model, we used the second-order Lagrange equation to construct the
mathematical model. Obtained equations were solved using Matlab / Simulink software. The
created model evaluates system resonant frequencies, accuracy and defines relations
between motion smoothness and stepper motor operation mode under various load
conditions.
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An optimisation problem for exoskeleton-aided functional rehabilitation
of an upper extremity

Piotr FALKOWSK]'22"

! Warsaw University of Technology, Warsaw, Poland

2 ¥ UKASIEWICZ Research Network — Industrial Research Institute for Automation and
Measurements PIAP, Warsaw, Poland

apiotr.falkowski@piap.lukasiewicz.gov.pl
*the corresponding author

Keywords: exoskeleton, functional rehabilitation, optimisation, rehabilitation robotics,
remote- home- rehabilitation.

Abstract. With pandemics, a problem of non-guaranteed constant access to rehabilitation
aroused. As civilisation diseases attack a significant share of the population, providing motor
treatment seems to be one of the biggest challenges towards the healthcare system of the
future. While taking into account the severe level of disabilities and unexpected
circumstances, the trainings may require being held in a house of a patient. Moreover, due
to emergencies, a physiotherapist may not be able to participate in it personally. Thus, to
mitigate the repercussions of such situations, advanced mechatronic systems for
remote-home-rehabilitation have to be developed.

Moreover, surveyed physiotherapists, claim that function-oriented training, robot aid, remote
treatment and home therapy are the leading trends for rehabilitation of the future. Combining
these is relatively difficult, as automated robotic rehabilitation requires an advanced control
system. As to partially support motion along the pre-programmed trails, an optimisation
problem needs to be solved. Not only to follow the trail transitionally but also to control a tilt
of a gripped object and to avoid immediate large changes of velocities and accelerations if
not necessary.

This paper presents an approach towards an optimisation problem based on an exoskeleton
of three driven and two free degrees of freedom. Simulated function-oriented training
consists of diverse typical motions, such as drinking, eating, writing, steering a control wheel,
lifting a bag from the ground, and lifting an object onto a shelf. Based on these, an
optimisation problem is formulated.

Works presented in the paper are an integral part of a planned long-term research on a
home-remote-rehabilitation with a use of an exoskeleton.
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Quality Research of Edge Banding of Unit Furniture
Ugné MISKINYTE"2" and Romualdas JUKNELEVICIUS'

"Vilnius Gediminas Technical University (VILNIUS TECH), Lithuania,
augne.miskinyte@stud.vgtu.lt
*the corresponding author

Keywords: furniture, edge banding, acrylonitrile butadiene styrene, oak veneer, quality,
particleboard.

Abstract. Edge banding is used to cover cut sides of wood materials such as plywood or
particleboard. The quality of two different furniture edge banding materials and their
thickness were studied in this paper. The research was focused on most widely used in the
Lithuanian furniture industry acrylonitrile butadiene styrene (ABS) and oak veneer. The
experiments were performed to investigate the mechanical properties of materials and
SolidWorks Simulation were made as well. The conclusions and recommendations can
ensure the improvement and optimization of the processes of furniture industry. Structure of
the paper: introduction, review of literature, methodology of experiment, results of research
and their consideration, conclusions, references.
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Cyber-physical Universal Safety and Crash Detection System for
Autonomous Robot

Heiko PIKNER'2", Raivo SELL?* and Mohsen MALAYJERDI3¢

123Department of Mechanical and Industrial Engineering, Tallinn University of Technology, Tallinn,
Estonia

3heiko.pikner@taltech.ee, Praivo.sell@taltech.ee, ‘momala@taltech.ee
*the corresponding author

Keywords: cyber-physical system, safety controller, crash detection.

Abstract. Multi-purpose mobile robots with modular layout have become a hot research
topic in recent years. The safe performance of these robot’s operations is relying on the
low-level cyber-physical system (CPS). In this paper, the scientific goals underscore the
analysis of the computational (cyber) units for low-level real-time fault monitoring. The
purpose of these units is to monitor control signals issued by other (cyber) units or sensors
and if there is a safety-critical problem, then predefined actions can be triggered. The safety
controller was built and tested on the TalTech iseAuto platform. The results were analyzed,
and a new multi-layer universal safety system was developed. In the first layer all signals
and messages are checked to be in a suitable range or order. The second layer detects if an
accident is happening using crash sensors. The third layer includes remote control switches
support. If a failure or malfunction is happening, then the emergency action plan is executed
to stop the vehicle safely.
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Abstract. This paper presents the results of research performed wusing a
control-measurement device for signal filtering and processing, in a positive feedback loop
for a self-excited acoustic SAS system. The prototype of the control-measurement system
was developed based on the FPGA structure and the processor working under the control of
the real-time system. The application of such a solution allows to effectively manage the
computational power and processing time of the input-output system. Signal acquisition and
processing is performed by the FPGA platform, in particular intelligent filtering. The applied
directly programmable gate array has dedicated blocks to facilitate digital signal processing,
which allowed the implementation of a lossless signal filtration in time. The proposed
control-measurement system was used during research on non-destructive evaluation of
the load capacity of mining anchors. The results are presented in this article.
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Abstract. This paper presents an artificial intelligence algorithm responsible for the
autonomy of a platform. The proposed algorithm allows the platform to move from an initial
position to a set one without human intervention and with understanding and response to the
dynamic environment. The implementation of such a task is possible by using a combination
of a camera identifying the environment with a laser LIDAR sensor and a vision system. The
signals from the sensors are analysed through convolutional neural networks. Based on Al
inference, the platform makes decisions, including determining the optimal path for itself. A
transfer learning method will be used to teach the neural network. This article presents the
results of learning the applied neural algorithm.
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Abstract. This paper presents the results of a neural convolutional system for recognizing
the wearing of a mask by people entering a building. The algorithm is provided with input
data thanks to cameras placed in the humanoid robot COVIDguard. The data collected by
the humanoid - the temperature of people entering the facility, the location of the person, the
way the protective mask was applied - are stored in the cloud, which enables the application
of advanced image recognition algorithms and, consequently, the tracking of people within
the range of the robot's sensory systems by the administrator and the verification of the
security level in the given premises. The paper presents the architecture of the intelligent
COVIDguard platform, the structure of the sensory system and the results of the neural
network learning.
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Abstract. This paper presents the results of research on a neural classifier system for the
recognition of electrical drive disturbances and its speed. The classification task is
performed by a convolutional neural network implemented on an artificial intelligence
accelerator. The operation of the drive is monitored using intelligent accelerometers. Based
on the sensor data, it is possible to create spectrograms of the signal using Short Time
Fourier Transformation. Since convolutional neural networks are excellent at recognizing
images and detecting objects, the signal spectrograms were used as input data for learning
the network. Transfer learning method has been used, to create a model of neural network.
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Abstract. In this article, we present the phenomena of rumbling in aircraft and their
diagnostic significance. The preferred method for monitoring these phenomena will be the
FAM-C method developed at ITWL, where the aircraft's on-board alternator performs the
role of the conveter. Each on-board alternator is a synchronous machine and synchronously
transforms the angular velocity fluctuations of individual mechanical elements into
frequency modulations of the output voltage [3]. Thanks to the appropriate algorithms, each
element of the aircraft's mechanical power unit is transformed into a separate characteristic
set. Each of such sets reflects the wear of another mechanical element - Fig. 1. Its position
on the 0-x axis identifies this subassembly and the height of the set of point on the pattern
(Fig. 1, Fig. 2) is a measure of wear. Thus, the identification of a damaged mechanical
element reflected in the FAM-C imaging does not pose a problem here, which causes many
problems in other methods, e.g. vibroacoustic methods [6]. According to the nomenclature
from the signal theory, the above-mentioned coordinate value on the 0-x axis is (fig.1, £, axis)
the subcarrier frequency [1], [2], [8]. If a given mechanical element, e.g. the upper bearing,
the main gear bearing (Fig. 1, detail A2), falls into resonance, then the given characteristic
set decays into several subsets with increased Q value (Fig. 2, details: A21, A22, A23), A24).
When the lifting frequencies of the various components in the structure of the helicopter
power train align, a spatial resonance is created, causing asymmetrical wear of some
rotating elements. If one of the elements of the drive unit, e.g. a shaft with a gear wheel, has
increased circumferential clearances or was built from bearing mountings, then at times we
deal with an additional resonator with a slightly different frequency than the main subcarrier
frequency - the difference in these frequencies creates the so-called beats [4], [5] - Fig. 3.
The FAM-C method is well suited for the monitoring of beats. The FAM-C method is well
suited for the monitoring of beats.The beating signals have low frequencies in relation to the
carrier frequency of the alternator-converter, which significantly increases the resolution of
the method [3]. In this way, the incipient stage of asynchronism in mechanical drive units can
be detected. The long-term process of such asynchronism may lead to stresses in the
mechanical power transmission system, cause plastic deformation of mechanical elements,
e.g. twisted shafts (Fig. 4), and even lead to a threat to flight safety.
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Fig. 1. Characteristic sets obtained for the drive unit of the positive pattern of the Mi-24
helicopter No. "b" W|th a correctly functioning upper bearing of the WR-24 transmission
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the form of an envelope
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Fig. 4. Twisted rear shaft: 1 - control Iieapplied with paint on the shaft during the

manufacturing (renovation) process - visible significant twist of the shaft (approx. 2 mm); 2 -

control rule; B1 - angle between the shaft twists
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Abstract. In this article, we present the phenomenon of tail rotor failure. The primary reason
was the spatial resonance coupling [1], [2], [5], [6], [7], [8] of the worn upper bearing of the
WR-24 main transmission with the idler shaft with a significant level of wear of bearing
supports in the aggregate drive box (SNA) [4]. In this way, synchronous periodic
accelerations and delays of the angular movement of the above-mentioned shaft were
created. It was reflected in the FAM-C method in the course of changes of the instantaneous
frequency - Fig. 1. This resulted in spatial angular movements of the idler shaft with the Z30
gear wheel mounted on it. In this way, the Z30 wheel was moved away once (fig. 2, detail
"possibility of chilling) and once pressed against the Z70 gear mating with it (fig. 3, detail"
possibility of undercutting the tooth base "), fatigue breakage of teeth in the Z30 gear wheel
mounted on the SNA idler shaft and cessation of the tail rotor operation [3]. As a
consequence, the helicopter crashed — Fig. 3. Currently, the authors monitor the level of
wear of the above components using the FAM-C method. The aircraft’s on-board alternator
performs the role of the converter. Each on-board alternator is a synchronous machine and
synchronously transforms the angular velocity fluctuations of individual mechanical
elements into frequency modulation of the output voltage. Thanks to the appropriate
algorithms, each element of the aircraft's mechanical power unit is transformed into a
separate characteristic set [4]. Each of these sets reflects the wear of a different mechanical
element. Its position on the 0-x axis identifies this subassembly and the height of the set is a
measure of wear. With its help, it is possible to metrically describe the technical condition of
each rolling bearing in an accurate way and detect their resonances — in the FAM-C method,
the decay of this set into subsets is then observed.
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Fig. 1. Waveform of frequency as a function of time obtaiﬁed from the Mi-24 sub-exciter No.
456 test No. 31, measurement No. 2 - visible temporary increase in the frequency and
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amplitude of the frequency envelope with the repetition rate fp = 100 Hz - observation time:
0.2s
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Fig. 2. Conical movements of the intermediate shaft in a worn gearbox of aggregates
subjected to synchronous accelerations of angular velocity - temporary increase in angular
velocity: 1. - input shaft, 2. - drive shaft of GT-4PCz6 alternator No. “e” - intermediate shaft
(hollow), 4. - SNA body, 5. - output shaft, S1 + S8 - bearing supports (rolllng bearings), Z66,
Z35, 730, Z70 - gears transmitting mechanical power from the SNA input shaft to the shaft

output SNA, F - resultant force acting on the intermediate shaft

The possibility of undercutting

Inputshaft 52

Fig. 3. Conical movements of the intermediate shaft in a worn gearbox of aggregates
subjected to synchronous accelerations of angular velocity - temporary increase in angular
velocity: S1 + S8 - bearing supports (rolling bearings), Z66, Z35, Z30, Z70 - gears
transmitting mechanical power from the SNA input shaft to the shaft output SNA, F -
resultant force acting on the intermediate shaft
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Fig. 4. The Mi-24 hellcopter W|th a broken transm|33|on system towards the tall rotor due to
internal damage in the generator drive box (Afghanistan 2011): a) helicopter during flight -
disruption of the tail rotor drive causes it to tilt to the port side and turn left; b) the helicopter
touching the aerodrome plane; c) the aggregate drive box (SNA) after breaking out of the tail
beam plating; d) - broken teeth in the SNA, causing the power transmission to the rotor of the

tail rotor to be interrupted
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Abstract. This article presents the automatic diagnosis systems developed and made by
ITWL:

1) technical condition of on-board generators. The systems for diagnosing the direct current
LUK-1 and the alternating current LUK-2 (Fig. 1) were discussed. The centerpiece of these
systems is an electronic block that analyses the quality of electricity. The method of
diagnosing dynamic changes in the generator load, e.g. increasing the load from 10% to
170% is particularly noteworthy. The electronic system analyses (integrates) the voltage
waveform over time, calculates parameters and compares them to the normative
parameters. In case of exceeding the limits, it displays the appropriate alarm information
"Transient frequency" or "Transient voltage".

2) mechanical power unit of aircraft: MiG-29 - diagnosing one-way clutches (Fig. 2), TS-11
"Iskra" — diagnosing engine bearing supports; Mi-24 - diagnosis of mechanical power
transmission nodes between the engine and the propeller.

Ad 1 - the system enables the loading of a generator with a rated power of 40 kVA (Fig. 1a,
item "Load: 10%, 100%, 160%). When the load is switched over, the analysis system starts
automatically and the appropriate alarms are displayed on the display after 0-30 s.

Ad. 2 - discusses the design and principle of operation of three diagnostic testers designed
by the authors of this study and intended for three different aircraft power units. These
devices have one common method of processing the primary diagnostic signal - they use
the FAM-C method. This method is based on the natural processing of rotational speed
fluctuations of individual kinematic links of the drive unit by an on-board generator into
frequency modulations. Due to its special properties, the method is extremely advantageous
for digital automatic diagnostic processing. The tester can be connected in any convenient
place for servicing the power grid, away from the dangerous zones of the aircraft.
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Fig. 1. LUK-2 AC power generator quality control device at the airport: 1 - road wheel, 2 -
electrical source terminal connection, 3 - load level switches, 3 - measurement switches for
individual phases, 5 - analogy indicators, 6 - indicator light indicating the connection of the
tested source, 7 - handle, 8 - alarm display plate, 9 - socket switch

Fig. 2. Diagnostic tester DIA-KSA-CM against the MiG-29 aircraft: 1 - housing of the
diagnostic tester DIA-KSA-CM; 2 - cable connecting the tester with the on-board AC power
network 1x115 V, 400 Hz; 3 - electrical connector in the recess of the left landing gear; 4 -
CANON DBS9 connector of the tester input circuit; 5 - display; 6 - green LED diode indicating
safe operation status; 7 - yellow LED indicating partial wear; 8 - red LED to indicate failure or
failure status; 9 - manipulation buttons ("+" and "-") for entering the airplane number, engine

designation and searching diagnostic data for a given test; 9a - manipulation button "+"

(when pressed before the test, the entered tactical number of SP changes ascendingly;

when pressed after the test, a symbol of a mechanical element of the power unit with a
higher wear level is displayed); 9b - manipulation button "-" (when pressed before the test,
the entered tactical number of SP changes decreasingly; when pressed after the test, the
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symbol of the mechanical element of the power unit with a lower level of wear is displayed);
10 - START test activation button; 11 - orange LED indicating the test is in progress; 11 -

computer connection (for reading the data contained in the tester's memory)
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Abstract. Aquariums monitoring requires mobile remote-controlled robots capable of
collecting environmental data. For routing of a mobile 2D device created at the Liepaja
University GPS, coordinates for autonomous control are used. In environmental research,
they are the depth of the water area, the temperature at different depths, and the
transparency of water in the optical range, salinity, pH level, the content of dissolved oxygen.
The above data is read, structured, and linked to the GPS coordinates and stored in the
on-board memory device. This data structure allows to visualize data and obtain 3D
mappings. Data analysis can be used to control management works, can serve as a basis
for forecasts of environmental parameters, climate change, detection of local pollution and
other environmental measures.
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Abstract. Microwave magnetoelastic effect is connected with the changes of magnetic state
of material subjected to mechanical stresses. This effect can be observed as changes of
magnetic permeability tensor uy of the material under stresses from external forces.
Magnetoelastic effect seems to be one of the most mysterious phenomenon in the area of
solid state magnetism. From fundamental point of view it can be explained only on the base
of quantum physics. However, such explanation, valid for different types of crystalline,
polycrystalline and amorphous magnetic material, was still not presented in the literature.
However, from macroscopic point of view, material can be subjected to mechanical axial
and shear stresses. In such a case, accordingly to Mohr's circle theory, stresses in the
material can be represented by axial principal stresses oPx, oPy, oPz in the coordinate
system rotated by rotation matrix R.

In addition stresses o, acting perpendicularly to magnetizing field direction generates
efficient stresses o given as [1]:

o= _V'O-L

where v is the Poisson ratio. Finally, the magnetic permeability tensor y dependence on
mechanical stress tensor o can be calculated from the following equation [2]:

Hr (GPX — VOpy — VGPX) 0 0
(o) = R = 0 p—r(O-Py — VOpy — VOp,) 0 * R
0 0 ur(o_Pz — VOpx — VGPy)

Above equation can be efficiently used for linear approximation of stress dependence of
magnetic permeability. However, in the real magnetic material subjected to stresses,
magnetic permeability first increases and next decreases for increasing value of axial
stresses. Presented paper is closing the gap in the state of the art explaining this effect
(known as Villari reversal [3]) from the point of view of magnetic permeability tensor —
mechanical stress tensor interaction.
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Abstract. Microwave technology is widely used in different areas of advanced industry,
when energy has to be provided to the water containing material. For this reason microwave
heaters are very efficient in food and biochemical industry, where heat has to be uniformly
distributed in the whole mass of heated material. The example of such application is the
microwave moisture analyzer, introduced to the market by RADWAG Company [1].

The main barrier in the development of microwave devices is the possibility of efficient
modeling of microwave systems in resonant state. For the real systems, Finite Element
Method (FEM) has to be used. However, commercially available tools for such modelling are
expensive. Moreover, due to the license, there is no possibility to validate the source code of
commercial software.

To overcome these problems, the open-source microwave solver was implemented to freely
available ELMER FEM software [2]. This solver enables efficient modeling the microwave
chambers in the wide range of frequencies and independently on its shape. The efficiency of
the model was confirmed during the development of microwave devices for industrial
applications [3].

On the other hand, the convergence process in microwave finite element solver is
sophisticated. The convergence process and its influence on the accuracy of modeling of
microwave chambers in the resonant state was not investigated previously. Presented
paper is filling this gap.

The resonance conditions of microwave chamber were tested from the point of view of both
spatial resolution of FEM mesh as well as from the point of view of convergence criteria.
Whole experiment was carried out with the use of open-source microwave modelling
toolchain covering NETGEN mesh generator, ELMER FEM microwave FEM solver and
PARAVIEW software for visualization of results.

Presented results experimentally determine the limits of accuracy of microwave FEM-based
models. The determined values of microwave resonant chamber dimension tolerances
should be considered for both open-source and commercial software for microwave
modeling.
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Abstract. The aim of this work was to study deformation and strength characteristics of
elastomer compositions modified in oligomer medium.

As objects for our study, we used filled elastomer compositions based on combination of
synthetic polyisoprene and polybutadiene rubbers. These compositions are used in the
production of items for industrial and engineering applications.

Elastomeric compositions based on synthetic polyisoprene and polybutadiene rubbers were
molded and cured in a hydraulic press to a certain degree of cure, in which the samples
have the necessary frame, monolithic and freely removed from the mold without breaking
their geometric dimensions. Further, the rubber samples were kept in a relaxed state at
temperature 140+2°C in oligomer modifier during 30-90 min.

The used modifier was a mixture of polyethylene oxides (PEO) with different molecular
weight 400 and 4000. It is water-soluble, relatively inert, viscous liquids (PEO 400) and
low-melting solids (PEO 4000). Due to their multifunctional properties, PEOs are widely
used in in detergents industry, lubricants, coatings, paints, also in the formulation of
cosmetics and medical products etc. Besides, polyethylene oxides are nonionic surfactants,
consisting of a hydrophilic head group and a hydrophobic tail [1]. For comparison purposes,
we used unmodified press-cured elastomer products and the same elastomer products
modified in mixture of low-molecular polyethylene oxides 400 and 4000.

As a result of the modification, polyethylene oxide molecules are adsorbed and diffused into
the surface layers of elastomeric material, further modifier migrates may be into the bulk of
polymer and can induce the formation of micelles.

To study the stress-strain behavior of modified rubber materials, a tensile testing machine
Tensometer T 220 DC was used. The Shore a hardness values of samples were measured
at DIGI-TEST Automatic device.

It was found that rubber samples based on combination of synthetic polyisoprene and
polybutadiene rubbers modified in mixture of low molecular weight polyethylene oxides had
more higher deformation-strength characteristics in comparison with the unmodified sample.
In this case, tensile strength of modified rubber increased up to 11% and elongation at break
— up to 16%. However, with increase of modification time to 90 min, mechanical parameters
of the modified samples were reduced. It may be due to the excess of the oligomer
component in the surface layer of the samples, which caused plasticization of the system.
Shore A hardness of modified rubbers was within the experimental error. The change in
deformation and elastic characteristics of modified rubbers may be due to the action of low
molecular weight polyethylene oxide, which affects the curing process of rubbers.
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Abstract. The investigations on renewable and eco-friendly composite materials have a
great importance especially in automotive industry [1]. Automotive industry considers
manufacturing renewable lighter and safer materials to reduce carbon emissions and
energy consumption, also improve material properties. Mostly carbon fiber reinforced
composites and glass fiber reinforced composites are used for manufacturing purposes
which are synthetic materials [2], [3]. The hybridization of natural fiber with glass or carbon
fiber provides to enhance the mechanical properties of composite material. Jute fibers are
one of the alternative bio-materials which can be used instead of synthetic glass fibers [4]. In
this study, jute fibers were used as reinforcement agents and by using hand lay-up method
jute/epoxy composite materials (30% by weight) were fabricated. After the composite
fabrication, micro hardness properties of the specimens were determined experimentally.
The hardness measurements were evaluated by using a THV-1MD Micro-Vickers Hardness
Instrument with 20 seconds dwell time and 1kgf load (9,81 N). The experiments showed that
jute/epoxy bio-composite has 93.41+13.65 HV1 hardness value. Jute fibers can be used as
reinforcing agent instead of synthetic fibers considering experimental results, the relatively
lower cost and being renewable characteristic of jute fibers.
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Abstract. Not only diminishment on petroleum based conventional energy sources but also
questing efforts on more environmentally friendly fuels have been attractive subjects among
scientists recently. Although biodiesel is one of the satisfactory alternatives, it has certain
deficiencies to be tackled such as impairment on performance level due to lower calorific
value and increase on carbon dioxide emission release which contributes to global warming
phenomenon [1], [2]. In biodiesel operated engines nanomaterial employment has been
suggested by various studies in literature to improve performance characteristics.
Nanomaterial use in cylinder may help to obtain improved performance and emission values
[3], [4]. These enhancements with nanomaterial lay hid in superior properties of them such
as oxygen buffer behavior and catalyst effects etc. On the other hand, hydrogen is most
abundant element in universe and it has been predicted as the fuel of future. Carbon-free
nature of it causes to obtain clean combustion characteristics. Besides that, high heating
value and higher speed of flame during combustion make it charming to be utilized in
internal combustion engines [5]. This paper intended to reveal the outcomes of
investigations on hydrogen enriched diesel engine with diesel, biodiesel and nanoparticle
blends. Combined effects of Fe304 nanomaterial and hydrogen caused to obtain
improvements on engine performance and emission levels which were impaired by
sunflower biodiesel operation.
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Abstract. Due to the increase in the world population and industrialization in recent years,
the need for petroleum-based fuels has also increased with the rapid increase in energy
demand [1]. The increasing consumption of petroleum-derived fuels threatens the world in
terms of global warming and environmental pollution [2]. In particular, NOx emissions and
soot formation are the main pollutants that are mostly caused by diesel engines are used in
plenty of areas. For this reason, new alternative fuels or technologies are needed to handle
this crucial threat. Alcohols are one of the new alternative fuels used in diesel engines for
energy thanks to their various properties such as calorific value, environmental benefits, and
availability [3]. In addition to alcohols, nanoparticles are also used as additives to reduce
emissions [4], [5]. In this study, the performance and emission characteristics of a diesel
engine fueled with nanoparticle-alcohol-diesel ternary blends were investigated. The results
showed that the prepared ternary blends reduce soot and NOx emissions related to catalyst
effects of nanoparticle additions that encourage heat transfer in the combustion chamber by
virtue of their metallic base structure [6].
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Abstract. Piezoelectric materials offer an ability to exchange energy between electrical and
mechanical systems with fair ease, by using the simple and inverse piezoelectric effect.
Piezoelectric transceivers, sensors, microphones, actuators, or active acoustic noise
cancellation devices are some of many applications for piezoelectric materials. Due to the
natural ability of the material to convert electricity and mechanical strain, solutions based on
piezoelectric materials are often compact and allow applications on micro scales. One of the
forms of piezoelectric actuation involves the use of piezoelectric stacks. The stack is
composed of multiple piezoelectric plates layered by thin dielectric sheets, with electrodes
attached along the sides. The main aim of piezoelectric stacks is the increase in maximum
displacement by multiplying the number of piezoelectric plates that make up the stack.
Stacks are composed of plates with the same material properties and the same dimensions.
This study aims to investigate the idea of composing piezoelectric stacks of plates that have
separate control circuits inducing different carrier frequencies or plates with differing
properties and dimensions, in search for new applications for piezoelectric stacks. The main
point of interest is the investigation of the ability to use piezoelectric stacks to generate
complex vibration spectrums composed of multiple frequencies, resulting from the use of
different piezoelectric plates in the stack or different carrier frequencies that stimulate each
plate. To achieve this, a stack composed of two piezoelectric plates, each controlled by its
own circuit, will be measured by a laser vibrometer, to check the complexity of the output
vibration pattern.
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Abstract. Over the past several decades, biology, chemistry, and medicine took advantage
of gold nanoparticles (AuNPs) for their fascinating characteristics. Today these
nanomaterials can be synthesized in various methods from biosynthesis, when patrticles are
made by microbial culture, to physical [1], [2]. Using the fast scan cyclic voltammetry, AuNPs
can be electrodeposited from chloroauric acid (HAuCl4) directly onto the surface of a
graphite electrode [3]. This method provides high reproducibility and allows to control the
size of the nanoparticles (from 4 to 75 nm) and electrode coverage by changing HAuCl4
concentration, scan speed, and a number of applied cycles. Gold nanoparticles are known
to express comparable catalytic activity to natural enzymes such as glucose oxidase or
horseradish peroxidase [4]. Despite the advantages over natural enzymes, inorganic
enzyme mimicking catalysts exhibit limited catalytical efficiency and selectivity. To increase
efficiency, we used low size AUNPs which [1 increase reactivity; the lack of selectivity in a
biofuel cell is advantageous since AuNPs can reduce/oxidize several substrates in the
medium. Biofuel cell based on AuNP’s has a superior life span, as the main active part of the
system is inorganic, and thus it is not affected by oxygen stress, where typical microbial
biofuel cells are struggling. The observed catalytic activity had a minimal dependency on
temperature change [5]. pH was changed from 4 to 10 with the smallest synthesized AuNPs.
However, pH has an impact on the reaction speed. Results showed that biofuel cell is
suitable for raw wastewater as it usually deviates from pH 7, and usable current can be
generated.
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Abstract. Zinc oxide nanostructures are interesting due to their distinguished performance
in electronics, optics, gas sensing and material science. Zinc oxide nanotetrapod is a
structure consisting of 4 nanowires, which is especially interesting for its simple synthesis
and extensive application [1].

In this work we propose a simple non-catalytic one-step process method for an efficient and
rapid synthesis of ZnO tetrapods by Zn vapor oxidation under air environment and
application for multifunctional coatings and fast UV sensors [2]. At the same time, the
coating is supehydrophobic, with a contact angle of as high as 170° Moreover, ZnO tetrapod
layer can be simply deposited on any surfaces, demonstrating the further application
prospects. In this way, several ZnO nanotetrapod layers with novel function can be used to
make a multifunctional coatings for the objects having potential commercial applications. In
order to further improve the ZnO tetrapod based multifunctional coatings for solar harvesting,
specific functionalization with other materials can be performed. ZnO nanotetrapods also
show better performance for application in electrochemistry due to their morphology [3].
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Abstract. Scanning electrochemical microscopy (SECM) is local electrochemical analysis
technique, which performs scanning of the sample by ultra-micro-electrode (UME) [1]. The
result of measurement usually is the current, which depends on the electrochemical
properties of the surface of interest. The errors can be observed if UME geometry is not ideal
[2], [3]. This happens after UME polishing or breaking after contact with the surface of
interest. In this work, we evaluated the oxygen consumption at the surface of interest with
UME of different geometry. Model result were compared with experimental data.
Computational experiment was performed with SECM model using diffusion equations in
Comsol program.
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Abstract. Due to the possibility to produce the parts with complex internal and external
geometries, selective laser melting (SLM) process attracts growing interest in various fields
of engineering segments such as aircraft, aerospace, biomedical, automotive, marine
industries and tooling. Maraging steels, having excellent weldability and high resistance to
thermal fatigue due to the lack of carbon, has showed good suitability for SLM [1]. However,
owing to the limited hardness and wear resistance, maraging steels has limited application
at the harsh wear conditions [2]. In this study, the possibility to improve the surface
characteristics of DIN 1.2709 steel SLM parts by application of laser alloying technology is
evaluated. The surface of SLM part was laser processed at various laser spot diameters and
varying laser scanning speeds from 500 to 1500 mm-min-', with and without preposition of
alloying element. The power density was provided in the range from ~0.8-103 W-cm to
~51-103 W-cm? and heat input — from 4 to 12 J-mm™. The effect of laser processing
parameters and presence of alloying element on the geometry of obtained processed
passes and hardness of surface was evaluated. It was determined, that the application of
CO2 continuous laser at the parameters of 1 kW laser power, 0.5 mm laser beam spot
diameter and laser scanning speed in the range between 500 mm-min' and
1250 mm-min~' allows obtaining laser pool of acceptable geometry and sizes directly on
as-manufactured SLM part surface without any pre-processing. The increasing scanning
speed to 1500 mm-min! or spot size to 2.0 and 3.0 mm results in too small pool depth and
unstable pool geometry. Surface processing at 4.0 mm spot diameter provides only heating
of the surface. The laser processing with preposition of alloying element layer provided
surface alloying effect of the maraging steel SLM part. The hardness of processed surface
areas ranged between ~600 HV0.2 at the lowest scanning speed and ~1770 HV0.2 at the
highest speed, what is from 18% to ~3.5 times higher, as compared with maximum hardness
of 1.2709 maraging steel after aging (~58 HRC or ~510 HV). The geometry of laser pool did
not differ significantly from that of laser-processed without alloying element.
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Abstract. Structural health monitoring (SHM) is tracking static or dynamic characteristics of
a structure in order to identify and localize damage, monitor its evolution, and decides
inspection and repair intervals in order to avoid the structural collapse. Mechanical defects
in the structure changes it’s vibration response. There is a wide variety of methods that
examine changes in measured vibration response to detect, locate, and characterize
damage in structural and mechanical systems. The basic idea behind this technology is that
modal parameters (notably frequencies, mode shapes, and modal damping) are functions of
the physical properties of the structure (mass, damping, and stiffness). Therefore, changes
in the physical properties will cause detectable changes in the modal properties. One
method to evaluate the structural changes and to analyze their causes is the Finite Element
Model Updating (FEMU).

The objective of this research is to investigate the FEMU procedure for mechanical damage
identification and to propose an experimental-computational SHM method for lightweight
structures. The structural dynamic response to impact excitation of a structure with and
without defects are collected from transient and modal analysis using Ansys FE software. In
order to convert structure’s response from time domain to frequency domain Fast Fourier
Transformation (FFT) using Matlab code is done. Afterwards, FEMU algorithm using Ansys
Surface Response Optimization is investigated for its applicability to damage identification.
Obtained results revealed the possibility to use this algorithm with having minimum
discrepancy between parameters obtained from experiments and finite element modelling.
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Abstract. The anilox roller is an essential component of inking system in flexography and its
purpose is to deliver a precise and consistent amount of ink to the printing plate and from
there onto the printed material. Despite advanced anilox manufacturing technologies,
problems with the unpredictable reduction in the amount of ink during the operation of anilox
rollers still remains. This is due to improper maintenance of the anilox rollers, as well as
different practice of inspecting ink transfer. In this work, the condition of anilox rollers in
printing houses in the Baltic States was investigated. The study evaluated the wear and cell
clogging of anilox rollers. The dependences of clogging on cell size, ink type and washing
method, as well as the dependences of wear on cell size (change in cell volume) and
quantity of doctor blades were investigated. In addition, the uniformity of cell clogging and
wear on the surface of the anilox roller was evaluated. Studies have shown that more than
half of the anilox rollers in printing houses do not wash properly; higher line-count anilox
rollers tend to become more clogging, and it is important to take measurements at more than
three locations to assess the reliable condition of more worn rollers.
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Abstract. The flexographic printing becomes almost irreplaceable method in the rapidly
developing packaging and labels industry due to the ability to print on different thickness and
texture substrates. The spread of technology has also been driven by improved digital
platemaking technologies. However, the weakness of flexography is an inaccurate
reproduction of light gray and smooth gradients. The probability of defects that occur during
printing can be reduced by choosing proper parameters in prepress stage. In cases when
design is quite complicated, for examples there are continuous coverage areas and halftone
areas in one picture, it’s difficult to say what prepress parameters will give the best quality
result on the print. This paper evaluates the influence of specific prepress parameters such
as screen ruling (133 Ipi, 150 Ipi, 174 Ipi, 198 Ipi) and type of screening (DFM, HD) on the
reproduction of printed image on the three types of printing substrates: coated matte paper,
coated gloss paper and polypropylene, usually used for label printing. The changes of prints
quality according to changes in density, tone values and raster dots gain were evaluated.
According to the research results, the selection criteria for screening method and the line
ruling are provided depending on image structure.
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Abstract. Dynamic stability and behavior of an automatic dynamic balance (ADB) are
analyzed by a theoretical approach.

Automatic dynamic balance equipment consists of electrical engine, transmission, rotor,
pipe and balls. The general assumptions on the mathematical model are following: all
elements of investigated system are absolutely stiff except support; ring is fixed on the
geometrical center of rotor; the balls have contact with each other and slide on the surface of
the ring. Differential equations of an analyzed system have been created using Lagrange's
equation. Numerical analysis of the dynamic equations is performed. Influence of system
parameters on the self-balancing process is estimated.
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Abstract. Innovative technologies rapidly introduced in agriculture and its machinery. There
is an increasing shift towards nature-friendly and soil-saving technologies. Machine
constructions, technical-economic parameters changing, the work process is controlled and
regulated by computer systems. The telemetry or remote monitoring system offers
especially many possibilities [1], [2].

It is the farmer's task to select the machines that can be expected to maximize profits when
used rationally. Rational use of machines not only reduces the cost of production but also
increases the competitiveness of production [3]. Today's advanced farming technologies
help to plan work and make rational decisions for the future [4].

Claas combine harvesters equipped with a remote monitoring system called telemetry were
used for research and data analysis. Telemetry data allows full use of the machine potential
by taking advantage of an improvement. Research has shown that less than 50% of the
technically installed capacity of a combine-harvester is used. Reducing downtime by using
remote diagnosis and maintenance monitoring would increase the machine's performance
[5]. It was found that the combine harvester performance between drives varies by up to
40% in identical field conditions. The analysis of the data collected in the telemetry server
allowing evaluates a combine harvester efficiency and takes the decision for planning future
applications.
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Abstract. The open-type vertical refrigerated display cabinet used to store food at
temperatures between -1°C and +7°C is schematically presented in Fig. 1. The cabinet has
5 shelves for food products. The air enters into the cabinet from the air grill at the front of the
bottom panel. Fans blow air through the evaporator. The cooled air travels through a tunnel
to the top of the refrigerator. The perforated distributor at the top distributes the cooled air.
Part of the air is blown through the perforated back panel and the other part passes through
the air-off honeycomb at the front top of the cabinet, thus forming air curtain between the
inside of the refrigerator and the ambient warm air to protect the chilled food products. The
cooled air entering through the back perforated panel into the display area helps to maintain
the required food temperature. The overall dimensions of the cabinet (WxDxH) are following:
2500x970x 1460 mm. Spacing between base and first shelf is 280 mm, between other

shelves — 250 mm. The honeycomb
dimensions (WxH) are 120x20 mm.
: “COMSOL Multi physics” software
was used to simulate airflows and
heat transfer in the refrigerated
cabinet. The total number of 2D finite
elements is about 12000. A higher
number of finite elements does not
influence the results. In the
COMSOL Multiphysics model, the
fan is simulated with normal outflow
velocity, which value was set as 1.2
! m/s. The outflow air temperature was
Rewm A grile (R8G)  considered as constant -1°C value.
: This value was obtained

Discharge Air Grille {DAG }(Honeycomb)

Perforated Back
Pane| (PBP)

Evaporator,

1660

experimentally above the
evaporator.
L ' Fig. 1. Scheme of the refrigerated
370 ' cabinet (side view)

The open-type refrigerated cabinet
has strong natural convection between chilled air curtain and warm ambient air. To simulate
this natural convection, the gravity was activated in the model and the density of the air was
calculated based on the ideal gas formula. In this study, the thin layer structure was used for
honeycomb modelling to provide more accurate flow direction. Hooked shelves, bottom
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shelf, back perforated panel and other parts of the cabinet are made from a sheet of steel
through which heat transfer occurs. Hooked shelves and bottom shelf were modelled as
steel walls with a thickness of 1.4 mm. Other inner parts were modelled as steel walls with a
thickness of 0.7 mm. For simulation open boundary conditions was applied to the model that
means that air can freely move in and out of the testing environment.

It can be seen from Fig. 2, a that the honeycomb inclination angle influences the
temperature of the intake air. In case of 55° angle the temperature is lowest that means that
this airflow angle is optimal. Fig. 2, b shows the same graph obtained for cabinet full of food
products. The temperature simulation results are different from results obtained for empty
refrigerated cabinet. The heat exchange between the airflow curtain and the environment
takes longer because the airflow rate has remained the same, but the path it travels has
increased, so the elongated airflow curtain does not completely separate the interior of the
refrigerator from the warm ambient air.
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Fig. 2. The airflow temperature in the intake grill obtained for empty cabinet (a) and cabinet
full of food products (b)

Numerical simulation showed that the airflow curtain fully formed after 60 s. in case of empty
cabinet. The increased angle made a straighter airflow curtain with a bigger radius. In 55-65°
angle range, the airflow lines almost do not cross the refrigerated cabinet contour. The
velocity of the airflow out of the honeycomb is 0.6 m/s and 0.4 m/s near the intake grill at the
bottom of the cabinet. The reason for reduced airflow curtain velocity is cold and warm air
mixing in all curtain length. In case of full cabinet, the airflow curtain fully created after 120 s.
The airflow curtain changed its shape and its lines cross the refrigerated cabinet contour. In
55-65 ° angle interval, the airflow curtain formed near cabinet outside contour and
environmental factors do not influence its shape sufficiently. Air velocity values are the same
as obtained for case of empty cabinet.

In this study, a simplified steady state heat transfer model was developed for an open-type
refrigerated cabinet. In summary, the following conclusions can be drawn:

Numerical simulation results show that honeycomb inclination angle influences the intake
temperature in empty and full loaded refrigerated cabinet.

The results of the study show that the increase of honeycomb inclination angle to 55° allow
to reach the highest efficiency of the air flow curtain. Further increase in angle does not lead
to significant increase of the efficiency.

Heat transfer model developed in this study can be used in further research to simulate the
effect of length of hanging shelves on food temperature.
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Abstract. Different machining techniques require a solid level of prediction of the outcome
results to be known. Selection of the right machining method or technique includes
evaluation of total costs of production, time consumption and labor. It is possible to achieve
same results of outcome of a machining method, in this case, the quality of a machined
surface choosing different or combined methods.

In this paper a study of surface quality dependence of machining parameters when turn
milling a part, a combined machining method when a turned part is milled at the same time is
compared to a dependence of parameters of similar influence to the outcome surface quality
in turning method.
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Abstract. The paper presents the parameters of deposition of composite electrochemical
coatings of Ni- detonation nanodiamonds (DNDs) on a steel (R6M5) base for the purpose of
uniform distribution of nanodiamonds on the surface of coatings and the presence of a small
number of defects, which improves the mixing of nanodiamonds with aqueous solutions and
allows targeted delivery of medicines using nanodiamonds. Electrochemical coatings of
Ni-DNDs with a small number of surface defects that have high microhardness values have
been synthesized, which contributes to a significant improvement in the durability of medical
instruments and implants.
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Abstract. The work investigated the durability of the labeling of sports equipment made of
composite materials. Professional hockey sticks were taken for research. To study the
abrasion of elements using the UGRA method, an original stand was created. With the help
of this stand, studies of the abrasion of printed elements were carried out. Research has
been done on hockey stick wear for different players: center and winger and defender. In
addition, a study was made of hockey sticks for left-handers and right-handers. In the study
of the wear of printed elements, sports equipment of various lengths was used. Contact
research was carried out during training and competition. The study of the number of
contacts was carried out on the basis of video recordings of trainings and games of the
teams “Energija” - Elektrénai (Lithuania) and the national team of the Belarusian Republic.
The study carried out showed that the hockey stick wear of the center striker and the winger
during the competition and training is similar. During the competition, the clubs of the center
strikers are most often in contact. It was found that the difference between contacts during
training and playing depends on the intensity of the game, penalty time and strategy. When
conducting a study of the wear of the printed elements applied to the hockey stick,
depending on the position of the player, it was found that the wear of the sticks of the winger
and the defender is the same, but that of the center striker is different. When conducting a
study of hockey stick wear depending on its length, the following conclusion was made: the
taller the player, the longer his club and the maximum contact area. Research has shown
that hockey stick wear is not affected by how the player holds the hockey stick, i.e. whether
he is left-handed or right-handed. Based on the study, it was concluded that the abrasion of
printed elements most often occurs at the moment of contact of the objects of research, both
with each other and with objects on the playing field. As a result, the printed elements spilit,
peel off and become less noticeable, in addition, the name of the manufacturer's company is
worn out and the club loses the player's personal identification data printed on the stick.
Recommendations are given on the peculiarities of printing and the location of printed
elements on sports equipment.
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Abstract. The paper presents the results of research on changes in the damping
characteristics of the MZGS100 fatigue test stand [1,], [2]. The work of the stand is
influenced by the type of material and shape of the tested samples, where different material
properties and stiffness affect the dynamic characteristics of the stand [3]. In fatigue tests of
materials, the effect of changing the properties of the material subjected to fatigue loads for
the so-called cyclically unstable materials, is well known [4], [5]. It is important to assess the
impact of changes in properties during the test on the work of the test stand. Fatigue tests
were carried out for three materials: S355J0 steel, 2017A-T4 aluminum alloy and
CuZn40Pb2 brass. The tests were carried out under fatigue bending loads for the number of
failure cycles in the low-cycle range, where plastic strains appear in the material. During the
investigation, the test was interrupted and the impulse response of the stand at various
stages was recorded and the change in system response was assessed. In the initial stage,
each of the tested materials showed a weakening in relation to the starting material. It was
observed that in the case of brass, the damping curve of the system changed continuously,
and the damping factor of the system increased by 23%. In the case of steel, practically no
changes were noticed, while the aluminum alloy showed changes of 9%. In the final stage of
the test for steel and aluminum alloy, a change in the frequency of natural vibrations was
observed, which indicates a decrease in the system stiffness caused by the weakening of
the specimen’s cross-section. This effect was not noticed for brass samples, which together
with the change of the damping coefficient indicates a cyclical change of the material
properties.
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Abstract. Combating water pollution, including effective treatment methods, is one of the
key challenges faced by highly developed countries. However, all growing volumes of
wastewater consumption, which are among the most "dirty" and are characterized by a
complex composition of aggressive pollutants of organic and inorganic origin. It is the
growing volumes of wastewater consumption and the content of various pollutants in them
that dictate the need to transform technologies and introduce all the newest scientific
advances in engineering and technology. It is the acceleration of intensification that makes it
possible to transform the technological process.Thus, the increase in costs pays off by the
efficient and economical use of all resources.One of the promising areas of technology
development is a detailed study of the formation processes of stable dispersed systems with
a liquid dispersed environment and a liquid dispersed phase - emulsions, as well as the
mechanisms of their separation into constituent components. It should be noted that the
emulsions obtained during the technological process sometimes do not delaminate for a
long time. This often introduces a certain complexity for the implementation of further
manufacturing operations with the product. A necessary factor for the separation of the
formed emulsion is the process of enlargement and subsequent precipitation of particles of
the dispersed phase - coagulation. For stable emulsions, the process of natural coagulation
under the influence of gravitational force does not give a significant effect. To intensify this
process, it is necessary to use certain chemicals or intense mechanical impact. The
phenomenon of the emergence of the effect of coagulation in a liquid dispersed medium
under the influence of ultrasonic vibrations of low intensity is known. Inhomogeneous liquid
systems with more or less coarse fragmentation of the dispersed phase are prone to
decomposition under the influence of gravity alone, while if the density of the dispersed
phase is greater than the density of the dispersion medium, suspended particles settle to the
bottom of the vessel and, conversely, if the density of the dispersion environment is greater
than the density of suspended particles, the latter float up. The sedimentation rate of
suspended particles depends on both their density and the degree of dispersion, and the
sedimentation will proceed the slower, when the smaller the particles of the dispersed phase
have and the smaller the difference in the densities of both phases. In practice, the method
of settling and decantation is used mainly in relation to the decomposition of suspensions,
namely, coarse and thin suspensions. Separation of inhomogeneous liquid systems can
also be carried out under the influence of centrifugal forces; in this case, a much more
intense separation occurs than under the action of gravity forces.
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Abstract. Automation and robotization (A&R) is often the main driving force behind the
development of advanced manufacturing, including the transformation of the company
towards the Industry 4.0 model. Effective implementation and effective use of A&R solutions
is possible only if the company has good prepared and educated employees. It applies to all
levels, from the direct operation of machines and processes, through mid-level technical
staff, to the management level. Nowadays, education of young staff, as well as training of
those currently employed, requires the implementation of new solutions and methods of
vocational education and training.

Access to effective and attractive educational activities and vocational training in the field of
robotics faces many barriers. The problem concerns both students of technical secondary
schools, students of professional development courses, students of universities and
employees of industrial companies. One of the limitations is access to practical exercises
with the robot, where demonstration of its operation is possible. Currently, an education unit
or industrial company that wants to train its employees must send them to a training center
equipped with robotic training stations or organize such a training cell at its own. It is costly,
time-consuming and limits access to training for many potential recipients. The pandemic
that has prevailed for over a year has significantly aggravated these problems. Laboratories
are closed, travel opportunities for both participants and training staff are limited. For this
reason, there is an increasing demand for all forms of distance learning, including vocational
training.

One of the goals of the MILAN (Erasmus +) project was to develop and pre-test such a new
approach that uses distance learning methods supported by advanced ICT solutions. Now,
after the outbreak of the pandemic, this part of the project seems to be gaining in importance.
The article presents the preliminary results of the project, including an online education and
training platform that integrates a series of e-learning courses on Robotics and a multimedia
library. Beyond traditional multimedia objects (such as photos, videos etc.), the library
includes 3D objects and simulations that the student can experience in AR or VR. The
functionality implemented in the platform and the technologies selected make possible
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integrating those multimedia objects at any part of a course and providing web-based
immersive AR/VR experiences, which can be delivered from the platform and the browser
without needing to install any native applications (although this is also possible). Thus, a
wide range of devices are supported, from computer stations equipped with AR / VR
systems and headsets to popular mobile devices, e.g. smartphones.
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