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ENHANCING BRAKE STABILITY IN FLOATING CALIPER BRAKE
ASSEMBLY THROUGH COMPLEX EIGENVALUE ANALYSIS: A
WEIGHTED BOLT APPROACH

BENO Pavel, BRODNIANSKA Zuzana, LIPNICKY Marek

Faculty of Technology, Technical University in Zvolen,
Department of Mechanics, Mechanical Engineering and Design, Studentska 26, 960 01 Zvolen, Slovakia

This study demonstrates the application of Complex Eigenvalue Analysis (CEA) to
optimize a weighted bolt that targets unstable frequencies in a floating caliper brake assembly
(Fig.1). Modal analysis, a commonly used complex eigenvalue extraction method based on
finite element analysis, is employed to predict brake instability in the context of NVH (Noise,
Vibration, and Harshness). Unstable modes are known to contribute to brake squeal, as
evidenced by previous research. In this investigation, a weighted bolt design is proposed to
address the unstable modes. A commercial automobile brake assembly undergoes experimental
modal analysis, and a corresponding finite element model is developed. The weight, a key
design parameter, is examined along with different bolt placements to assess their impact on
brake stability. The experimental and analytical models are compared, and a modal assurance
criterion matrix is established based on relevant modes. Mass modifications are implemented,
and the obtained results are presented. The brake assembly under study is a common vented
disc brake, and the designs are analyzed using Abaqus software.

Fig. 1 Finite element model of a vented floating caliper disc brake assembly.
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CONCEPT OF A PARAMETRIC SIMULATION WORKFLOW FOR
RUBBER-METAL MOUNTS IN ELECTRIC DRIVETRAIN
APPLICATIONS

BERNATH Martin!, DANKO Jan, BUCHA Jozef, DOBROVOLNY Juraj

L Faculty of Mechanical Engineering, Slovak University of Technology in Bratislava, Institute of Automotive
Engineering and Design, Ndam. Slobody 17,812 31 Bratislava, Slovakia, e-mail: martin.bernath@stuba.sk

This paper focuses on developing a new method of designing and validating rubber-metal electric drivetrain
mounts in electric and hybrid vehicles, aiming to reduce noise and vibration transmission. The aim of this method
is to speed up simulations and improve their accuracy by using parametric multibody simulation models (MBS),
combined with Functional Mock-up Units (FMU). The method targets NVH (Noise, Vibration, Harshness) [1]
issues caused by electric motors, especially high-frequency vibrations [2]. Rubber-metal mount elements are
optimized using MATLAB-Simulink and implemented into ADAMS View MBS simulations. Look-Up Tables
(LUTSs) are used to describe the frequency-dependent behaviour of rubber components, allowing practical and
efficient parameter adjustment. Additionally, the Bouc-Wen hysteresis model is implemented in the simulation
environment to account for nonlinear and energy-dissipating behaviour of the mounts under cyclic loading [3].
Key advantage of this method is the ability to flexibly modify input parameters and simulate different
configurations without rebuilding the entire model. In addition, the method is prepared to be used in conjunction
with reduced order models of said rubber-metal components [4]. This greatly reduces preparation time, minimizes
human error, and supports automated simulations to generate training data for reduced-order models or neural
networks of the entire drivetrain assembly, enabling further development of efficient NVH simulation tools for
electric vehicles.
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INVESTIGATION OF THE POSSIBILITY OF MODERNIZING
EXISTING PLANETARY GEARS THROUGH THE USE OF GEARS
WITH HCR ENGAGEMENT

BOSANSKY Miroslavt, PROTASOV Roman!, ONDRUSKA Juraj!
VORONTSOV Borys?

! Faculty of Mechanical Engineering, Slovak University of Technology in Bratislava, Institute of Automotive
Engineering and Design, Nam. slobody 17,812 31 Bratislava, Slovakia
2 Education and Research Institute of Mechanical Engineering, National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”, Beresteiskyi prosp., 37, Kyiv, 03056, Ukraine

This study focuses on the application of gear transmissions with modified tooth profile
geometry in agricultural machine transmissions, particularly in wheeled tractors. The
modification involves replacing standard involute gear meshing with HCR (High Contact
Ratio) [1] gearing in the planetary transmission of the wheel (final) drive.

Modernization of transmissions for agricultural machines represents a complex task.
Modernization pursues several objectives: increasing engine power, extending service life, and
reducing noise. When it is possible to modify certain reducer dimensions (such as width), the
mass can be significantly reduced, which is particularly important for agricultural machinery [2].

The objective of this work is to evaluate the possibility of increasing transmitted torque,
service life, and reducing noise in the wheel reducer of the heavy wheeled tractor K-700 using gears
with HCR meshing. HCR transmissions are characterized by a transverse contact ratio exceeding
2.02 inspur gears. This ensures torque transmission through two or three tooth pairs simultaneously,
significantly reducing contact stresses — the key factor limiting transmission load capacity. An
additional advantage is noise reduction during operation. It is essential to carefully control the
following geometric parameters: tooth tip sharpening, root undercutting, and interference.

The wheel reducer represents a single-stage planetary transmission with a gear ratio of 6,
located in the wheel hub. Within the scope of modernization, it is proposed to maintain gear
width and center distance. Variable parameters include: module, number of teeth, and
corresponding tooth correction parameters to ensure the specified center distance.

Controlled parameters include: contact pressure, specific sliding velocity in meshing, and
bending stress at the tooth root. Thus, several variants with different modules will be considered
for comprehensive evaluation of their parameters. All calculations are performed using
KISSsoft software. The calculation results will allow evaluation of the effectiveness and
rationality of applying HCR gearing in the existing reducer based on comparison with
conventional gears according to main strength and operational characteristics.

The research presented in this paper is an outcome of the project VEGA No. 1/0708/24
“Research on the design parameters of the high-speed spinning spindle of the progressive
concept”.
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VIRTUAL MODEL OF THE KYBURZ VEHICLE USING THE FMI
STANDARD

BUCHA Jozef!, DANKO Jan!, MAGDOLEN Lubos!

! Faculty of Mechanical Engineering, Slovak University of Technology in Bratislava, Institute of Automotive
Engineering and Design, Nam. Slobody 17,812 31 Bratislava, Slovakia

Simulations play a key role in the modern vehicle development process. They enable
virtual testing of functionality, reliability, and safety of components before their physical
production. Thanks to simulations, development time can be significantly shortened, prototype
costs reduced, and design optimization improved. An additional advantage is the ability to test
extreme operating conditions and various configurations without the risk of damaging real
components. Simulation tools thus enhance the quality and innovation of the final product. The
FMI (Functional Mock-up Interface) standard represents an open format for the exchange and
integration of models between different simulation tools. It allows the export of models defined
as FMUs (Functional Mock-up Units), which can be used for co-simulation in other software
without the need to share source code. FMI supports modularity and reusability of models. [1]

The virtual model of the Kyburz eRod vehicle [2], created in Adams/Car, was used as the core
component of the FMU unit.

The FMU includes not only the MBD model itself, but also a preconfigured driving
maneuver, a road, and a simple control system that facilitates the exchange of information to
and from the FMU. Functionality verification was performed using Matlab/Simulink, which
was also chosen as the primary software tool for subsequent co-simulations. The methodology
for integrating the Kyburz eRod vehicle using the FMI standard, as described in the article, is
designed to be general and can also be applied to other vehicles created in Adams/Car,
provided they are connected to the control system outlined in the article.

This research was supported by the Slovak Research and Development Agency under
Contracts No. APVV-23-0650, APVV-20-0428. APVV-19-0401
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USE OF ARTIFICIAL INTELLIGENCE IN INSPECTION
CALCULATIONS OF MACHINE COMPONENTS
CEZOVA Eligka?,

! Faculty of Mechanical Engineering, Czech Technical University in Prague, Department of Designing and
Machine Components, Technickad 4, 166 07 Prague 6, Czech Republic

This article examines the growing role of artificial intelligence (Al) in the design and
verification calculations of mechanical components. The evolution from traditional manual
drafting and hand calculations to computer-aided design (CAD) and now to Al-assisted
engineering represents a major shift in mechanical engineering workflows. While Al has
already demonstrated its usefulness in fields such as mathematical analysis and statistics, its
implementation in the verification of machine elements is still developing.

Unlike pure mathematical disciplines, where Al can rely on a well-defined system of axioms
and rules, mechanical component design requires a deeper understanding of physical behavior,
boundary conditions, and material properties—areas where Al has historically struggled.
However, recent advances in machine learning, neural networks, and data modeling have
significantly improved Al’s ability to process and interpret complex mechanical problems. Al
can now assist in strength assessments, stress analysis, and optimization tasks, delivering results
that are increasingly accurate and applicable in real engineering contexts.

This paper also discusses the educational implications of using Al as a learning aid. Engineering
students often turn to Al tools such as ChatGPT or code-based systems for support when
tackling complex calculations or conceptual problems. While these tools can be valuable in
reinforcing learning, they also pose a risk of reinforcing incorrect methodologies or
oversimplifying complex engineering logic, especially when wused without critical
understanding.

How artificial intelligence can be trained to calculate bearings is described in [1] and [2].
Although challenges remain—particularly regarding the generalization of Al models and their
integration into professional engineering standards—the future of Al in mechanical design is
promising. With proper development and supervision, Al may become a standard component
of engineering practice, enhancing both accuracy and efficiency in design processes.

REFERENCES

[1] CEZOVA, E. (2025): “Demonstration of Neural Network in Prediction of Bearing Lifetime”. Manufacturing
Technology. 25(2):170-173, DOI: 10.21062/mft.2025.017

[2] ONDRUSKA, J., BABICS, L., BOSANSKY, J., PROTASOV, R. (2024). ,,Development hybrid high-speed
electro pneumatic spindles drive unit”. pp. 49-56. In Strojnicky ¢asopis = Journal of Mechanical engineering.
Vol. 74, no. 2 (2024), ISSN 0039-2472

10



65" International Conference of Machine Design Departments ICMD 2025

LIGHTWEIGHT COMPOSITE BUS STRUCTURES AND HYBRID
HYDROGEN-ELECTRIC DRIVETRAINS FOR URBAN MOBILITY

CULIK Jan

Faculty of Mechanical Engineering, Slovak University of Technology in Bratislava, Nam. Slobody 17,
812 31 Bratislava, Slovakia

This work presents the design and engineering of a new generation of lightweight, modular zero-
emission buses developed by Mobility & Innovation Production s.r.0. The vehicle body features a self-
supporting monocoque construction fabricated from glass fiber-reinforced polymer (GFRP) composites
using vacuume-assisted resin transfer molding (RTM). The sandwich structure, consisting of quadraxial
glass fiber laminates in a vinylester matrix and AIREX T90.60 polymer foam core, results in a
lightweight yet rigid structure with high energy absorption and corrosion resistance.

Fig. 1 Modular composite structure and monocoque bus design.

Weight optimization (~6420 kg for an 8-meter bus) improves range and efficiency. Structural
performance testing demonstrated quasi-isotropic behavior with compliance to ECE R66 standards
through integrated reinforcement zones. Modular architecture allows reconfiguration for various urban
or intercity applications without structural compromise.

Two propulsion variants were developed: a full-electric system powered by lithium-ion battery packs
(up to 180 kWh, 700 V DC) and a 160 kW Siemens PEM motor; and a hydrogen-electric hybrid using
a 30 kW Loop Energy fuel cell, composite-aluminum 35 MPa hydrogen tanks, and buffer batteries. The
hybrid variant achieves over 420 km range with hydrogen consumption around 3.3 kg/100 km.
Efficiency was validated in operational tests, confirming 0.6 kWh/km electric and 11.0 kWh/100 km
hydrogen equivalent consumption.

This project demonstrates how composite structures and hybrid energy systems can be integrated to
deliver scalable, low-emission bus solutions aligned with EU climate goals (Plug Power, 2023; ICCT,
2021).
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ADVANTAGES OF COMBINING MECHANICAL ENGINEERING AND
ELECTROTECHNICS KNOWLEDGE FOR THE MODERN ENGINEER

DAJBYCH Oldrich!, SEDLACEK Ales*

1 Czech University of Life Sciences Prague, Faculty of Engineering, Department
of Mechanical Engineering, Czech Republic Kamyckd 129 165 00 Praha 6

The engineering profession is increasingly shaped by the convergence of mechanical and
electrotechnical disciplines, driven by the demand for smart, responsive, and low-cost solutions
in industrial and educational environments. This paper explores the academic and practical
benefits of this interdisciplinary approach. It focuses on recent trends in university curricula,
lab modernisation, and the integration of programmable systems (Arduino, ESP32, Raspberry
Pi) in mechanical engineering tasks. Special attention is paid to the role of programming skills
in bridging traditional and digital workflows. This work supports the notion that modern
mechanical engineers must possess a hybrid skillset in order to remain effective in today's
design and diagnostics ecosystems. The digital transformation of industry, often framed as
Industry 4.0, is redefining the competencies expected of engineers. Mechanical engineering,
once largely hardware-centric, is increasingly interwoven with electronics, sensor networks,
embedded systems, and software development. A clear shift is visible in academia and
industrial practice, where the integration of mechanical engineering and electrotechnics is no
longer optional but fundamental for solving complex problems. Recent studies have
emphasised that modern mechanical engineers must understand microcontrollers, data
acquisition, control systems, and basic electronics to contribute effectively to interdisciplinary
teams [1, 2]. Simultaneously, programming proficiency in languages such as Python, C/C++,
and microcontroller IDEs (Arduino, PlatformlQO) is becoming as important as traditional CAD
or simulation tools [3, 4]. In the development of custom lab tools and low-cost test devices, the
synergy between mechanics and electronics is particularly apparent. Numerous studies report
on embedded microcontroller systems for monitoring strain, temperature, pressure,
displacement, and more [5, 6, 7]. The Department of Mechanical Engineering is using the
mentioned principles to obtain cheap, customizable, and targeted measuring devices for
experiments. Python programming is used for data processing from experiments and also for
the automation of repeated tasks and gathering information, such as tabular data from the
internet. It is getting more important to gain or train a member or members of the team with
such skills. Also, students are directed to incorporate these skills into their expertise.
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NEW METHODOLOGY FOR THE DEVELOPMENT OF RUBBER-
METAL ELEMENTS FOR ELECTRIC DRIVE UNIT MOUNTS

DANKO Jan!, MILESICH Toma3!, DOBROVOLNY Juraj!, BERNATH Martin

! Institute of Automotive Engineering and Design, Faculty of Mechanical Engineering, Slovak University of
Technology in Bratislava, Nam. Slobody 17, 81231 Bratislava, Slovakia

This article presents a new methodology for improving the efficiency of the development
process for rubber-metal elements in electric vehicles, specifically focusing on components
used for mounting electric drive units. Traditional rubber-metal elements development methods
are time-consuming and costly, often requiring extensive Finite Element Method (FEM)
analyses and iterative physical testing. The core innovation is the application of reduced-order
models (ROM) supported by deep learning techniques. This methodology allows for
the creation of accurate and fast predictive models of RME behavior without the need for
extensive FEM analyses in the initial design phases. The approach involves training neural
networks using large datasets obtained from numerical simulations, enabling efficient
prediction of RME response under various mechanical loads. Software tools were utilized to
generate, train, and validate these reduced-order models. The results unequivocally
demonstrated that this new methodology significantly reduced development time and increased
the accuracy of simulations compared to conventional approaches. The article provides a
substantial contribution to the automotive industry by offering practical solutions for
accelerating RME development and reducing associated costs.

ACKNOWLEDGEMENT

This research was supported by the Slovak Research and Development Agency under
Contract No. APVV-20-0428 and APVV-23-0456.

REFERENCES

[1] AMINI, M. R., AHAMADIAN, M., & DESHPANDE, A. (2021). Vibration Analysis of Electric Vehicles: A
Review. Mechanical Systems and Signal Processing, 146, 106982.

[2] ZHANG, L., MENG, D., & CHEN, G. (2020). Noise, Vibrations, and Harshness of Electric and Hybrid
Vehicles. SAE International.

[3] HEIBING, B., & ERSOY, M. (2011). Chassis Handbook — Fundamentals, Driving Dynamics, Components,
Mechatronics, Perspectives.

[4] MISHRA, S. C., & KUMAR, P. (2020). Finite Element Analysis in the Design of Rubber-Metal Components
for Vibration Isolation. Engineering Analysis with Boundary Elements, 115, 1-15.

[5] SCHUTZ, A., & BECHTOLD, T. (2023). Model Order Reduction of Microactuators: Theory and Application.
Actuators, 12(235).

[6] KULP, B. (2019). What is a Reduced Order Model and What’s Its Product Development Role? ANSYS, Inc.
Retrieved from: https://www.ansys.com/blog/what-is-a-reduced-order-model-response-surface-model.

13



65" International Conference of Machine Design Departments ICMD 2025

THERMOGRAPHIC DETECTION OF LIVING OBJECTS USING
NEURAL NETWORKS

DAVID Jifit, NOVOTNY Vojtéch!, BROM Pavel!, SVEC Pavel!, BRADAC Josef!

1 Skoda Auto University, Na Karmeli 1457, 293 01 Mladd Boleslav, Czech Republic

Real-time identification of living objects is becoming an integral part of intelligent
systems, particularly in the automotive industry, security applications, and rescue operations.

This article presents an analysis of current research on the use of artificial intelligence
(Al), specifically neural networks, for recognizing living objects—especially under nighttime
conditions using thermal imaging cameras—as a potential technical solution for intelligent
assistance systems in modern vehicles.

The research focuses on the design, training, and testing of a multilayer perceptron (MLP)
model aimed at recognizing the size of various animal species based on thermographic data.
The network processes input vectors composed of heat trace intensity, pixel brightness, and
object size within a segmented thermogram. The output layer classifies animals into five size
categories and estimates their distance.

The article also discusses the process of creating a dataset essential for developing an
algorithm capable of nighttime animal detection using thermal imaging sensors. Technical
specifications of the thermal camera used are outlined, including key parameters such as
resolution, sensitivity, and detection performance in different lighting conditions.

The collected data was divided into two main sets—training and testing. The training set
was used to teach the algorithm, while the testing set served to evaluate its accuracy. The article
emphasizes the importance of correct data partitioning and introduces techniques to ensure that
the results are both accurate and relevant. Experimental results demonstrate that even basic
neural network architectures can achieve high identification accuracy (up to 92.4%),
particularly at distances of up to five meters. A practical demonstration of data processing is
supplemented by visualization of thermograms and a demonstration of the network architecture.

Finally, the article outlines directions for future development, including the application
of advanced convolutional and 3D neural networks, sensor fusion, and edge computing. It offers
a comprehensive overview of the potential of Al for detecting living objects, with attention to
both theoretical foundations and practical applications.

This research was conducted at Skoda Auto University as part of the project Application
of Innovative Trends in the Automotive Sector, IGA/2024/01 Bradac¢, supported by funding for
the long-term conceptual development of a research organization provided by the Ministry of
Education, Youth and Sports.
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IMPACT OF THE INPUT DATASET SIZE ON ACCURACY OF
REDUCED ORDER MODELS OF RUBBER-METAL ELEMENTS
DOBROVOLNY Juraj 1, DANKO Jan , MAGDOLEN Lubos !

1 Faculty of Mechanical Engineering, Slovak University of Technology in Bratislava, Institute of Automotive
Engineering and Design, Nam. Slobody 17,812 31 Bratislava, Slovakia, e-mail: juraj.dobrovolny@stuba.sk

In the modern electric vehicles, increasing emphasis is placed on enhancing the overall ride comfort. This
can be achieved by minimizing noise and vibrations produced during vehicle operation. [1] In comparison to
internal combustion engines used in conventional vehicles, electric motors generate noise and vibrations with
different frequency characteristics. These differences must be taken into account when developing rubber-metal
elements (RME) for mounting the electric drivetrain. [2] Also, in the modern automotive industry, there is a
constant demand to reduce the costs and enhance the efficiency of the development process, which can be achieved
through various approaches. One of the possible approaches is to speed up the development process. The traditional
development of RME, which relies heavily on finite element method (FEM) simulations to evaluate their static
and dynamic behavior, is significantly time-consuming. [3] To make the process faster, more cost-effective, and
efficient, reduced order model (ROM) simulations are utilized as an alternative. [4] For the generation of ROM, a
neural network is used. Neural network needs for the generation of ROM an input dataset. The input dataset in this
paper is acquired by simulating variety of RME models with various shapes and same material properties and
boundary conditions with the use of the finite element method. [2,3] This paper describes the process of the input
dataset generation and subsequently examines the impact of the size of the input dataset on accuracy of generated
ROM and also proposes an optimal size of the input dataset for achieving sufficient accuracy. This generated input
dataset serves for training and validating the neural network, after which it is able to generate ROM of RME and
thus predict the static characteristics of RME, which include the dependency of static stiffness on displacement of
the inner ring of the RME with the given shape and the unchanging material and boundary conditions.

ACKNOWLEDGEMENT

This research was supported by the Slovak Research and Development Agency under Contract No. APVV-
23-0456 and APVV-20-0428.

REFERENCES

[1] HeiBBing, B., Ersoy, M. "Chassis Handbook — Fundamentals, Driving Dynamics, Components,
Mechatronics, Perspectives”. 1% edition, Springer Verlag, Berlin, Germany, 2011. ISBN 978-3-8348-
0994-0

[2] Danko, J. "Nova metodika vyvoja gumo-kovovych prvkov pre uloZenie elektrickych hnacich jednotiek s
vyuzitim redukovanych modelov s podporou neurénovych sieti". Slovak University of Technology in
Bratislava, Faculty of Mechanical Engineering, Institute of Automotive Engineering and Design.
Habilitation thesis. [20.5.25], 2024.

[3] Dobrovolny, J. "Navrh inovativnej metodiky pre vyvoj gumokovového prvku uloZenia elektrickej hnacej
sustavy". Slovak University of Technology in Bratislava, Faculty of Mechanical Engineering, Institute of
Automotive Engineering and Design. Master thesis. [20.5.25], 2024.

[4] Schilders, W. H. A., van der Vorst, H. A., Rommes, J. "Model order reduction: Theory, Research, Aspects
and Applications". 1st edition, Springer Verlag, Berlin, Germany, 2008. ISBN 978-3-540-78840-9

15



65" International Conference of Machine Design Departments ICMD 2025

DESIGN OF DRIVES FOR THE CORE DRILLING RIG
DYNYBYL Vojtéch!, STARY Frantisek!, BRADAC Josef!, DAVID Ji¥il, SVEC Pavel!

1 Skoda Auto University, Department of Mechanical and Electrical Engineering, Na Karmeli 1457, 293 01
Mlada Boleslav, Czech Republic

Geological drilling rigs are interesting in the distribution of drive power between torque
and speed in different parts of the drilling cycle and according the tools used. Hydraulic motors
are best able to cope with such problems, where an internal combustion engine is most often
used to drive the hydraulic pump. In our case, the objective was to develop a purely electrically
driven drilling rig, which must also be disassembled into modules weighing up to 50 kg.
Another challenge are the conditions in which the rig operates, namely increased dustiness,
humidity, low and high temperatures.

Power distribution requirements for drives needs to be divided into two types of drives,
namely the drilling head drive and the drilling head stroke drive.

For drilling head drive, the problem lies in the use of two different drilling bit materials
depending on the material to be drilled and the chosen tool diameter. For soft deposits such as
clay, a carbide core bit is used where high torque is required at slow speeds (circumferential
speed from 0.3 to 0.8 m/s). In contrast, for hard materials such as concrete, a diamond core bit
is used where a low torque is required at high speed (circumferential speed from 1 to 3 m/s).

For the stroke drive, the requirements for a stroke speed of 3 m/min must be met on the
one hand when adding the drill pipe or extracting the tool contents. On the other hand, the feed
rate when drilling with a diamond bit is two orders of magnitude lower in extreme cases is zero.
This drive also generates tool pressure that varies depending on the tool used and the number
of drill pipes used. With certain weight of drill pipes, the tool is relieved (the force is exerted
against the outward direction of the borehole).

During the design of the drives, asynchronous electric motors were chosen first. For the
vertical head drive, this motor was rejected due to the requirement for very slow rotational
speed during the drilling process. In order to better utilize the power of the drilling head drives,
two speed asynchronous motors were chosen and the weight of the motor was considered as a
limiting factor. Due to the complexity of detaching the motor from the gearbox, these motors
were later discarded.

Dana Industrial drives [1] used in vehicles have been designed as another type of drive to
drive the drilling heads. The advantage is the compact shape of the motors and the high
performance with low weight. The disadvantage is the larger diameter of the motors, which
increases the minimum drilling distance from the wall. Due to the high cost, uncertainty of ease
of control and integration into the rest of the rig, these motors were discarded.

As a final option, permanent-magnet synchronous motors were chosen, where the weight
with gearbox and the ability to cool down during a defined cycle were considered as limiting
factors. These motors are compact and in addition, operating parameters such as drill bit torque,
speed and feed rate can be recorded from them.
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This contribution presents an automated system for gear mesh stiffness measurement,
designed to overcome limitations of traditional methods. The developed solution employs an
open-source approach, utilizing precise encoder reading and control, integrated with a user-
friendly graphical interface (GUI) (Fig. 1).
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Fig. 1 GUI - control system of the test rig

This system aims to improve measurement accuracy, efficiency, and repeatability while
reducing costs. Traditional gear mesh stiffness measurement often involves complex setups and
manual processing, leading to time-consuming procedures and potential inaccuracies [1, 2].

The system utilizes an encoder for accurate angular displacement measurement, a stepper
motor for controlled torque application, and a microcontroller for system control [3, 4]. A
custom GUI facilitates experiment management. The test rig was redesigned to enhance
measurement accuracy. The methodology involves applying controlled torque and measuring
the resulting angular displacement to calculate stiffness.

Pilot measurements validate the system's performance, demonstrating improved
efficiency and data consistency compared to traditional methods. The use of open-source
components ensures cost-effectiveness and replicability. This automated system provides a
valuable tool for more efficient and reliable gear design and analysis.
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The manuscript focuses on Biosystems Engineering and its integration with the
fundamental principles of Mechanical Engineering, highlighting its interdisciplinary nature.
Biosystems Engineering is a field that merges engineering design and analysis with applied
biological and environmental sciences. It reflects the evolution of traditional engineering
disciplines toward applications involving living organisms, excluding biomedical contexts,
intending to address complex biological challenges through engineering solutions. The
discipline is grounded in classical mechanical principles such as Hooke’s Law, Bernoulli’s
Equation, or widely accepted models developed by Kelvin, Newton and others, which are used
to characterise and analyse the behaviour of biological materials. These materials are typically
non-homogeneous and anisotropic, necessitating specialised modelling and experimental
approaches. As such, statistical analysis is an essential component due to biological systems'
inherent variability and complex mechanical behaviour.

A key aspect of applying biosystems engineering effectively lies in accurately evaluating
and interpreting results, considering the physical, mechanical and chemical properties of the
materials studied. Thus, the discipline serves as a bridge between biological understanding and
engineering methods, enabling sustainable and efficient solutions in agriculture, environmental
management, and related sectors.

Nowadays, the tools of Biosystems Engineering enable engineers to apply numerical
methods such as the Finite Element Method (FEM), which was traditionally used exclusively
for conventional engineering materials like steel, to the analysis of biological materials. Our
virtual modelling systems can simulate entire processes that involve interactions between
traditional and biological materials. Thanks to the Biosystems Engineering approaches, for
instance, in fruit processing technology, it is now possible to design and optimise the entire
system in a virtual environment to maximise juice yield and maintain high quality, all before
physical implementation. These simulation tools have become integral to the broader suite of
digital technologies increasingly employed across biosystems and agricultural engineering.
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Article deals with the development of a simple application that allows to generate a functional model of
the machine tool spindle and its structural parts. Parametric modelling plays a key role in the design of
these models. Parameters allow these parts to be created and worked with flexibly as they directly define
the dimensions, geometry and relationships between the components.

R
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Figure 1 Application Ul (left figure),
Sequential diagram - creating a model of the selected bearing type (right figure)

The application is divided into two main modules. The first is a module for designing and creating
machine tool spindles. This module will allow engineers to quickly and efficiently generate spindle
models including all the necessary components.

The second module focuses only on generating bearings and other components and integrating them
into the overall machine design. The second module focuses only on generating bearings and other
components and integrating them into the overall machine design. In this way, the application supports
a comprehensive approach to machine design and ensures that all components are designed with
technical norms and standards in mind. The application represents a significant step forward in spindle
design, as designers will be able to work directly with the functional model in CATIA software.

REFERENCES

[1] QIBR BEARINGS, ,,What is the difference between face-to-face and back-to-back arrangements
of angular contact bearings? ““ [online]Available at: https://www.qibr.com/news/industry-news/what-
is-the-difference-between-face-to-face-andback-to-back-arrangements-of-angular-contact-bearings
[2] BUCKO, B., FANDAKOVA, M., ZABOVSKA, K.: 3D CAD softvérové aplikacie v procese
digitdlneho navrhu prototypov, [online], 2019., Available at:
https://ikaros.cz/3d-cad-softverove-aplikacie-v-procese-digitalneho-navrhu-prototypov

[3] Marek, Jiti. (2014). ,,Konstrukce CNC obrabécich strojii III “, 3.vydanie, Praha, 2014.

ISBN 978 — 80 -260 — 6780 — 1

[4] Marek, Jifi. (2023) ,,Stavba a provoz CNC obrdbécich strojii, 1. vydanie, Praha, 2023.

ISBN 978 — 80 — 907452-3-0

Acknowledgements

This article was published thanks to the support of the Agency for Science and Research for the
project APVV-23-00619 "Research of progressive technology of decomposition of glued layered
materials”

19


https://ikaros.cz/3d-cad-softverove-aplikacie-v-procese-digitalneho-navrhu-prototypov

65" International Conference of Machine Design Departments ICMD 2025

EFFECT OF HIGH-ENERGY SYNGAS COMBUSTION UNDER
CONSTANT CO: AND N: CONDITIONS
CHRIBIK Andrej!, LUKNAR Lukas!

! Faculty of Mechanical Engineering, Slovak University of Technology in Bratislava, Institute of Automotive
Engineering and Design, Ndamestie Slobody 17, 812 31 Bratislava, Slovakia

In the context of growing pressure to reduce landfilled waste and diversify energy
sources, synthesis gases (syngas) derived from municipal and plastic waste present a viable
energy alternative. This study investigates the impact of five high-energy syngas mixtures—
each with a constant proportion of inert gases (10% CO: and 5% N2)—on the combustion
behavior of a spark-ignition internal combustion engine designed for use in a cogeneration
unit. The key parameters analyzed include in-cylinder pressure, indicated mean effective
pressure (IMEP), heat release rate, and combustion duration. Results show that an increased
proportion of hydrogen in the fuel mixture leads to faster combustion, as indicated by a
reduced burn duration (a10-90MFB). However, hydrogen content did not directly increase
the peak in-cylinder pressure. Notably, the highest peak pressure was achieved by a mixture
with moderate hydrogen and high carbon monoxide content. Conversely, a hydrogen-rich
mixture exhibited the shortest burn duration but resulted in the lowest maximum pressure,
primarily due to early spark timing (SOI) near the top dead center (TDC). The methane
content in the fuel mixtures had a direct influence on the volumetric lower heating value
(LHV), which subsequently affected both the IMEP and torque output. Compared to methane
operation, the engine torque output decreased by 6% to 13.4%, and hourly fuel consumption
increased from 1.56 kg/h to up to 3.87 kg/h depending on the mixture[1]. The engine stability
varied with fuel composition. One of the syngas mixtures showed significant IMEP
variability, indicating erratic combustion and potential operational instability. Despite having
the lowest average IMEP, it delivered the third-highest torque output, albeit with the highest
coefficient of variation. The comparative analysis also suggests that a higher CO-to-methane
ratio promotes faster combustion and elevated peak pressures but may slightly reduce
performance metrics like IMEP. In conclusion, waste-derived syngas can be a practical
alternative to fossil fuels in stationary power applications, offering comparable combustion
characteristics to methane when properly optimized. However, lower volumetric LHVs
generally lead to reduced engine performance and increased fuel consumption. The key
findings include: hydrogen reduces burn duration but also lowers the maximum pressure rise
rate, peak pressure is more sensitive to ignition timing than to hydrogen content alone,
methane content correlates with higher energy density and engine output, increased inert gas
content and low air-fuel ratios result in higher fuel consumption. Combustion stability
depends on the mixture composition, requiring careful syngas optimization. This work
highlights the potential of syngas as a sustainable energy source, with implications for waste
management, energy recovery, and decentralized power generation, [2].
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In practice, conical pipe connections are also found, for example, in the
telecommunication mast shown in Fig. 1.
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Fig. 1 Analysed telecommunication mast

The aim of this article is to present a theoretical solution for the contact of two conical
pipes, considering axial force due to their self-weight, bending moment, and the influence of
temperature [1, 3, 4]. We'll compare the results of this theoretical solution with a finite element
model using shell elements [2]. This comparison will be performed on a longitudinal section at
the contact point, as well as at selected locations perpendicular to the axis of the joined pipes
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The article deals with the development of a methodology for identifying the complex
dynamic behavior of a passenger car rearview mirror under operating conditions. For this
purpose, modern measuring devices and simulation programs are applied. Laboratory
equipment for testing components and structural units and techniques for measuring vibrations
and processing results, including modal analysis and identification of operating vibration
shapes, are used

In laboratory conditions, rear-view mirror vibrations were measured on a test rig with
variable excitation modes.
Operating conditions ~ were
simulated when using a broadband
frequency exciter as a source of
operating vibrations on a vehicle.
During these tests, the rear-view
mirror was mounted in a relatively
rigid frame so that its operational
connections to the vehicle body
were respected. The main goal of
vibration measurements was to
determine the operating vibration
shapes with defined mirror
vibration amplitudes. Based on the
identified critical states, design
measures for minimizing
vibrations were designed and
laboratory-verified. In this work,
computational modal analyses of
3D models of those parts of the
rear-view mirror that have a
fundamental influence on its
dynamic behavior were also used.
From the mutual correspondence
of the obtained results of the operating vibration shapes and the modal analysis of individual
parts, generalized procedures for minimizing rear-view mirror vibrations were defined.

Fig. 1 Measurement of operating waveforms of rearview
mirror oscillations
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Compression loading is a process where bulk oilseed material of measured pressing
height is loaded into a pressing vessel of known diameter with a plunger under a compression
machine. The plunger is used to exert the load or pressure onto the material at a preset load
value and speed. The pressing vessel has holes beneath that allow the oil to escape while the
solid part is retained [1, 2]. In the literature, this process has been employed on some oilseeds
such as rapeseed, sunflower and hazelnut [3-5] for extracting the oil and describing the force-
deformation characteristics. This compression behaviour needs to be investigated for other
oilseeds including hemp seeds which have limited available information. Hemp (Cannabis
sativas L.) is a fibre crop growing in different climatic conditions across the world possessing
high seed oil ranging between 28 and 35% depending on the varieties and climatic conditions
[6, 7]. Cold pressing has been used for extracting oil from hemp seeds by a hydraulic press
under different pressures. However, a considerable amount of residual oil remains in the
seedcake which reduces the oil yield depending on the pressing conditions [6, 7]. The study
investigated linear and polynomial functions for describing oil output parameters of bulk hemp
oilseeds under compression loading. The samples of bulk hemp oilseeds were compressed at
varying pressing heights from 20 mm to 100 mm using the vessel diameter of 60 mm with a
plunger at a compressive load of 300 kN and pressing speed of 5 mm/min.
The specific calculated oil output parameters were oil yield, deformation energy, compressive
stress and hardness. The polynomial function suitably described the calculated parameters with
high coefficient of determination (R?) values ranging from 0.735 to 0.999 in comparison with
the linear function producing R? values between 0.4 and 0.935. The study revealed that a higher
compressive stress of 63.39 + 0.05 MPa is required at a lower sample’s pressing height of 20
mm corresponding to a higher sample’s hardness of 14.42 + 0.49 kN/mm dependent on the
input speed and vessel diameter.
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Pneumatic flexible couplings, used for tuning of mechanical systems, used for varying
their stiffness change of air volume in their flexible elements. Previously used pneumatic
flexible couplings had limitations and they are no longer sufficient for certain dynamic
conditions of mechanical systems [1, 2]. This article deals with testing new pneumatic flexible
coupling with innovative features such as increasing twist angle of the pneumatic flexible
coupling.

The pneumatic flexible chain shaft coupling (Fig.1) is designed to ensure a constant
flexible transmission of torque in the system of the driving and driven machine with rotary
power transmission. The valves (12) are used to fill the compression space of the coupling,
formed by pneumatic-flexible elements (3), (4), (5) arranged tangentially in a chain behind each
other around the circumference of the coupling, with the overpressure of the gaseous medium
before the system is put into operation. The load torque from the driving body (1) to the driven
body (2) of the coupling is transmitted through the compression space of the given coupling,
i.e. by the pneumatic-flexible elements (3), (4), (5).

Fig. 1 Pneumatic flexible chain shaft coupling
REFERENCES
[1] Grega, R.; Krajnak, J.; Zulova, L.; Ka¢ir, M.; Ka$$ay, P.; Urbansky, M. Innovative Solution of Torsional
Vibration Reduction by Application of Pneumatic Tuner in Shipping Piston Devices. J. Mar. Sci.
Eng. 2023, 11, 261. https://doi.org/10.3390/jmse11020261

[2] Kasgay, P., Urbansky, M., Grega, R., Krajiak, J., Kagir, M., Zulova, L., Kulka, J. Functional prototype of
pneumatic flexible shaft coupling with mechanical constant twist angle regulator. Scientific Journal of Silesian
University of Technology. Series Transport. 2024, 125, 115-122. ISSN: 0209-3324. DOI:
https://doi.org/10.20858/sjsutst.2024.125.8

[3] Urbansky, M.: Pneumatickd pruzna retazcova hriadelova spojka, Sposob  pristupu:

https://wbr.indprop.gov.sk/WebRegistre/Patent/Detail/73-2017... - Banska Bystrica : UPV SR - 2021. - 8 s..
Tato praca bola realizovana s podporou projektov VEGA 1/0573/25, KEGA: 037 TUKE-
04/2024 a 044TUKE-4/2024.

24


https://doi.org/10.3390/jmse11020261

(1]
(2]

(3]
[4]
(5]

(6]

[7]

65" International Conference of Machine Design Departments ICMD 2025

MECHANICAL BEHAVIOUR OF SLOTTED BOLTED JOINTS IN
PHOTOVOLTAIC PANEL ASSEMBLIES: A FINITE ELEMENT
STUDY

KANAVAL Antonin?, DIAZ-SALAMANCA Diegoz, MUNIZ-CALVENTE I\/Iiguelz,
DUB Martin?

! Faculty of Mechanical Engineering, Czech Technical University in Prague, Department of Designing and
Machine Components, Technickad 4, 166 07 Praha, Czech Republic
2Escuela Politécnica de Ingenieria de Gijén, Universidad de Oviedo, Dept. de Construccién e Ingenieria de
Fabricacion, Gijon Campus Edificio Polivalente Module 1 Ground Floor s/n 33203 Gijon, Spain

Bolted lap joints with slotted holes are commonly used in photovoltaic structures for their
ease of assembly and tolerance accommodation, yet their fatigue behaviour remains
insufficiently addressed in current standards such as Eurocode 3 [1]. This study investigates the
quasi-static slip and fatigue performance of a double-lap bolted joint with two different slotted-
hole geometries, using finite element modelling validated through a partial experimental
campaign. A third, reference geometry, including circular holes instead of slotted ones, was
included to benchmark the results against configurations better documented in literature and
standards. Experimental slip tests and fatigue tests (R = 0.1, 15 Hz, at 95% of critical slip load)
were performed on six specimens across two preload levels (66 kN and 110 kN). Results
revealed that no fretting fatigue cracks occurred after 2 million cycles in any configuration.
These findings correlate well with predictions using the Fatemi-Socie parameter [2], [3] which
accounts for interlocking and plastic deformation effects under high pretension, unlike the more
commonly used SWT parameter [4]. Contrary to reports by other authors (e.g., Jimenéz-Pena
et al. [5], Poovakaud et al. [6], Talemi et al. [7]) who observed fretting fatigue below theoretical
slip thresholds, this study did not confirm such behaviour, suggesting that slip is the governing
limit state in these cases. The work highlights that higher bolt preload increases fatigue life,
particularly for some configurations, while having minimal effect on others. The findings
underline the need for a more nuanced design approach to slotted-hole bolted joints, integrating
computational models and probabilistic fatigue methodologies to bridge gaps in current design
codes and improve the safety and efficiency of photovoltaic structural connections.
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Nowadays, the use of hot-dip galvanized prestressed bolted joints has greatly increased
in many industrial applications, especially in the solar generation industry. The expansion of
the use of these joints has occurred due to their excellent resistance to atmospheric corrosion
and also because of their easy assembly and maintenance at relatively low costs. However, the
fatigue behavior of these joints is still not sufficiently experimentally verified and defined in
design standards, which makes their correct dimensioning difficult. This paper describes the
FEM analyzes performed and the experiments carried out that evaluate different geometric
configurations of joint, such as slotted and drilled holes, as well as different levels of axial
preload in the bolts after assembly. The obtained results will be compared with S-N curves of
similar categories of parts and joints available in current standards. This work also deals with
the issue of determining the dynamic loading of these bolted joints, as well as problematic
aspects in developing a structural design and implementing experimental testing of these joints.

Q)

Renewable Energy. Assembly of these structures very Often.
!' VHV ]
| -
| -
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Fig. 5 Walter & Bai servo-
hydraulic testing machine.
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This paper presents a detailed methodology for the design and simulation of an
autonomous vehicle's overtaking maneuver within the Simulink software environment. The
work focuses on developing a comprehensive system that integrates a dynamic vehicle model
(encompassing kinematic and dynamic motion), advanced sensor fusion algorithms (utilizing
radar and cameras), sophisticated trajectory planning, and a robust adaptive model predictive
control (MPC) strategy. A primary objective is to minimize collision risk and ensure maneuver
safety in a dynamic and interactive driving environment. We detail the modular architecture of
the simulation, breaking it down into distinct subsystems. The functionality of each subsystem
is thoroughly described, including the modeling of the surrounding environment using a Frenet
coordinate system, the implementation of a Joint Probabilistic Data Association (JPDA) tracker
for multi-object tracking, and the application of MPC for precise lateral and longitudinal vehicle
control. The proposed system is validated within a test model featuring 360° sensor coverage,
demonstrating its capability for autonomous overtaking by effectively detecting and tracking
surrounding vehicles, predicting their future movements, and generating collision-free
trajectories. This methodology provides a solid foundation for the development and testing of
advanced autonomous driving functions.

Keywords: overtaking maneuver, autonomous vehicles, Simulink, sensor fusion,
trajectory planning, MPC, Frenet coordinates, simulation
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Abstract:

This paper explores the use of 3D scanning in reverse engineering, particularly for mechanical
parts with complex geometries. In technical practice, it is often necessary to replace old
machines or specialized components that lack existing documentation, such as technical
drawings or material specifications [1]. When no prior data is available, engineers have two
primary approaches: they can either design a new part from scratch or employ 3D scanning to
capture the precise geometry of the existing component. By utilizing advanced scanning
technologies [2], engineers can efficiently generate accurate digital models, which serve as the
basis for manufacturing drawings and CAD models. This method significantly reduces
development time, improves accuracy, and facilitates seamless integration into production
workflows. The paper focus on primarily gear scanning related with identification which has
evolved significantly in the last 20 years [3] also discusses key challenges associated with 3D
scanning in reverse engineering, including data processing complexity, material surface
properties, and precision requirements in general. This article compares various types of
scanners in terms of accuracy and uses as well.

Keywords: 3D scanning, reverse engineering, digital model, gear measurement
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This study presents a numerical comparison of static and transient [1, 2] structural
analyses of a hyperelastic seal using ANSYS Workbench. Simulations were carried out under
identical conditions, employing an Ogden [3, 4] first-order material model for EPDM rubber,
frictional contacts with a pure penalty method, and a fine mesh focused on the seal with courser
mesh focused on contacting surfaces. A displacement of 1.62 mm was applied to replicate
compression on a seal during assembly.

The seal was designed [5, 6] for a 6 mm wide and 5 mm deep groove, accounting for
manufacturing tolerances and thermal expansion [6] between —40 °C and 130 °C. The resulting
compression ranged from 18.45% to 30.2%, with a groove filling of 89%. The geometry was
adapted for 2D axisymmetric simulation to optimize computational efficiency.

Key parameters such as reaction force, stress, strain, contact pressure, contact area, and
computation time were compared. Both analyses yielded nearly identical mechanical results,
with differences under 1.1%. However, the transient simulation was approximately 62% faster,
indicating improved solver performance for highly nonlinear contact problems.

These findings demonstrate that transient analysis can serve as a practical and efficient
alternative to static simulation in quasi-static sealing applications, offering a strong balance
between accuracy and computational time.
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The geometric shapes of frames and, in general, frame structures developed from
composite materials can currently be applied in countless technical applications (both industrial
and societal), due to their high specific strength combined with low weight. The article deals
with the design of a protective frame for a racing vehicle's superstructure and compares the
mechanical properties of the frame depending on the fiber orientation and the wall thickness of
the tube. It highlights significant differences in deformations for various types of carbon
materials used. Figure 1 shows the frame model and its deformation when using the steel
material KODUR F700 TS, which has a yield strength above 700 MPa and a tensile strength
exceeding 1000 MPa, with a constant modulus of elasticity of E = 210 GPa. Figure 2 shows the
frame model made from composite tubes with a diameter of 38 mm and a wall thickness of 2.5
mm, using the composite material GG300 with a fiber orientation of 0-90, 0-90, 0-90, 0-90.

| <R

Fig.1 Deformations of the Steel Frame.

SR

Fig 2 Deformation of the GG300 Composite frame
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The burden of harmful emissions on the environment has increased significantly in the last
two centuries. This phenomenon is mainly caused by extensive industrialization, increasing
living standards and the growing number of people on the planet. These are not only indicators
that reveal the current ecological deficit, but also an almost everyday problem that affects the
majority of residents of cities and towns. Until now, air pollution was most pronounced in the
winter months, but now, with the increase in population, it appears all year round.

Internal combustion engines have a significant impact on air quality. According to European
Union statistics, in the 1990s, automobile transport significantly contributed to the deterioration
of air quality, especially in connection with CO, CO2 and NOx emissions.

Of the total amount of pollutants produced by various sources, transport accounted for
approximately 50 to 60%. The agricultural sector is no exception, in which internal combustion
engines are widely used to drive various mechanisms and machines.

Given that European institutions are increasingly striving to eliminate internal combustion
engines in practice, it is necessary to find a suitable, sustainable, more environmentally friendly
alternative to fossil fuels. For several years now, passenger transport and partly also freight
transport have been switching to hybridization of internal combustion engines, or purely electric
vehicles.

In the case of agricultural machinery, for various reasons, it is not possible to consider

electrical energy as an equivalent energy source replacing fossil fuels. For this reason, the
greening of the combustion process in the form of rebuilding internal combustion engines and
changing the fuel used has been approached.
The research team of the Institute of Automotive Engineering and Design of the Faculty of
Mechanical Engineering of the Slovak University of Technology in Bratislava focused on
optimizing the turbocharged internal combustion engine ENGUL UR-11 8602.12 NG used in
the Zetor 16145 tractor, which was created by modifying a diesel internal combustion engine
to an engine powered by biogas. This article describes the measured performance, economic
and ecological parameters of the aforementioned internal combustion engine at various loads.
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Besides the continuous development of precision measurement technologies, the increasing
requirements for the accuracy and repeatability of deformation monitoring systems have led to
the focus on the verification of beam deflection measurement methods using inductive linear
transducers. In order to ensure reliable data acquisition, a measuring stand was designed and
assembled, where the transducer is mounted on a movable arm guided by a linear rail. This
setup enables precise positioning of the sensor along the beam length and accurate capture of
deflection values under varying load conditions. During the experiment, the deflection values
of the beam were recorded systematically for different loading scenarios. The collected data
were subsequently organized into tables for detailed analysis. The article presents the complete
measurement procedure, evaluation of measurement accuracy and repeatability, as well as a
discussion of the suitability of the applied measurement methodology for practical engineering
applications. The influence of mechanical setup stability and transducer sensitivity on the final
measurement results is also considered. The developed measurement approach allows effective
verification of beam deflection under load, providing valuable insights for both educational
purposes and industrial diagnostics. The findings contribute to improving the reliability of
deformation monitoring in structural components, which is essential for the safe operation of
mechanical systems. The measurement setup for beam deflection was developed based on
planar inductive sensors, allowing precise detection of small displacements while maintaining
low manufacturing cost [1]. The planar coil design ensures good linearity and compatibility
with compact laboratory systems. To improve measurement accuracy, a non-contact inductive
linear displacement sensor with quadrature magnetic fields was implemented, which directly
relates output signal phase to displacement, providing high resolution and robust
performance[2]. To minimize the impact of mechanical misalignment, a bilateral sensing
configuration was adopted. This design maintains stable magnetic coupling and significantly
improves measurement repeatability, achieving accuracy better than 15 pm across the tested
range [3]. Additionally, to enhance linearity and temperature stability, a noise-assisted
measurement method was applied. By injecting controlled noise into the signal path, the system
benefits from effective interpolation without complex computations, ensuring reliable data
acquisition [4].
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This paper presents a method for processing and synchronizing point cloud data acquired
from two LiDAR sensors mounted on a vehicle, with the goal of creating a dense, organized,
and machine-learning-compatible dataset. As autonomous vehicles and advanced driver
assistance systems (ADAS) become more prevalent, the quality, speed, and structure of data
processing pipelines are increasingly critical. LIDAR sensors are one of the key technologies
for spatial awareness and object detection, providing detailed 3D representations of the
surrounding environment. However, the integration of data from multiple sensors poses several
technical challenges, particularly in maintaining temporal synchronization and spatial structure
suitable for downstream applications.

In this study, we utilized two identical Ouster OS1 LiDAR sensors, each providing a
resolution of 32x1024 and operating at 20 Hz. The raw point clouds were collected in real
traffic conditions and analyzed with a focus on identifying and compensating for time offsets
between the two data streams. A synchronization algorithm was developed to align individual
frames based on timestamp differences, ensuring that corresponding scenes from each sensor
are accurately merged into a single, coherent point cloud.

We further focused on preserving the organized matrix structure of the point clouds,
which is essential for compatibility with convolutional neural networks and other machine
learning models. A 64x1024 data array was constructed by vertically stacking the frames from
both sensors, while ensuring that missing data (NaN values) were handled effectively. The
impact of each processing step—including raw reading, synchronization, merging, and NaN
replacement—on computational performance was evaluated, highlighting the trade-off between
accuracy and speed.

Our results demonstrate that with appropriate synchronization and structuring, it is
possible to efficiently fuse data from multiple LiDARs into a dense, machine-learning-ready
dataset. This contributes to improved perception accuracy, faster decision-making, and greater
robustness in autonomous driving systems. The methods described in this work provide a
foundation for further research in sensor fusion and the development of intelligent
transportation technologies.
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The use of lightweight composite structures has several predictable impacts on the design
of transport vehicles and construction materials, primarily by providing safer, faster, and
eventually cheaper alternatives as compared to metal or concrete [1]. The use of lightweight
materials has become more prevalent as manufacturers strive to reduce lighter weight to
improve performance to lower fuel and oil consumption, and to reduce carbon emissions.
Existing  approaches  for
reducing mass include the use
of less dense materials, e.g.,
metal foams and composite
materials, or a decrease in the
material volume by reducing
wall thicknesses in key
structural components. In
both cases, less energy is
needed for transportation of
the ready-made product, so
that the ecologically friendly
aspect of lightweight
construction is supported. By

Fig. 1 Biobased composites for automotive components using low cost, eco-friendly,
and reliable materials the
environmental burden would be reduced for both the customer and the automotive industry [2].
The concept is shown in Fig. 1. These materials have been used for applications with low
production volumes, because of their shortened lead times and lower investment costs relative
to conventional steel fabrication. Important drivers of the growth of polymer composites have
been the reduced weight and parts consolidation opportunities the material offers, as well as
design flexibility, corrosion resistance, material anisotropy, and mechanical properties. Use of
lightweight materials by hybridizing natural fibers and fillers with manmade materials e.g.,
glass, carbon or aramid is step in this direction. This approach also aligns with energy
conservation regulations and policies, e.g., the European Commission with the End of Life
Vehicles (ELV) European Union directive requiring vehicles to be constructed of 95%
recyclable materials, with 85% recoverable through reuse or mechanical recycling and 10%
through energy recovery or thermal recycling
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Ball bearings are key components in rotary mechanical systems, especially in the
automotive industry, facilitating smooth rotation by reducing friction and supporting axial and
radial loads. Maintaining their durability under demanding conditions requires continuous
enhancement of material properties, notably hardness and wear resistance. This study examines
the impact of Deep Cryogenic Treatment (DCT) on the hardness of commercially available
bearing balls made from 100Cr6 (AISI 52100) steel. Unlike typical processes where DCT is
applied between quenching and tempering [1, 2], this research applies a multi-cycle DCT after
conventional heat treatment (Quenching—Tempering—-DCT). The experimental procedure
involved five cryogenic cycles on bearing balls from 6306, 6308, and 6310 deep groove ball
bearings. Each cycle cooled the samples to —160°C at 1.5°C/min, soaked for 1 hour, and
reheated at the same rate to room temperature, followed by a 1-hour hold. Hardness was
measured before and after treatment using the Rockwell C method (HRC) per SRPS EN ISO
6508-1:2017 standards. Results showed minimal hardness change: 6306 balls remained at 63.9
HRC; 6308 balls decreased slightly from 63.5 to 63.1 HRC (-0.63%), and 6310 balls increased
marginally from 64.5 to 64.7 HRC (+0.31%). All values stayed within the required range of
58-66 HRC. These findings suggest the chosen multi-cycle DCT parameters did not
significantly affect hardness, aligning with previous studies indicating limited hardness
improvement when DCT follows tempering [3, 4, 5]. Although hardness was stable, residual
stress measurements (not detailed here) hint at internal stress changes due to DCT. Future work
aims to optimize DCT parameters to induce beneficial compressive stresses that could inhibit
microcrack initiation, enhancing fatigue and corrosion resistance. This research’s broader
significance includes potential applications in other materials, such as those used in metal 3D
printing in the automotive sector, where DCT-treated materials may achieve longer service life,
greater reliability, reduced failure risk, and improved mechanical system safety.
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The paper presents the methodology of the design of a hybrid drive of a mobile work machine
with an emphasis on reducing fuel consumption and emissions [1], [2]. The presented procedure
was verified on the example of the UDS 132 excavator, where two variant solutions were
compared: mild hybrid and full hybrid (with serial layout) [3]. On the basis of operational
measurements, in which the pressure and flow curve in the hydraulic circuit of the excavator
were detected, the real values of fuel consumption and CO: emissions were determined [2], [4].
The results show that the full hybrid solution delivers around 50% fuel savings, while the mild
hybrid version achieves savings of 25% [1], [4]. In addition, both variants significantly reduce
fluctuations in the course of power consumption, resulting in more balanced operation and more
efficient management of energy flows [3]. The application of this methodology in practice
allows manufacturers and users of mobile work machines to achieve significant operational and
economic benefits while reducing the environmental burden [1], [5].

Consumption production of emisions
0,759 H conventional
25,00 _ 038 drive
©
o 0,7
20,00 19,12 < 06 0,568 M full hybrid
= e drive
14,31
= 1500 S o5 i )
c — mild hybrid
Q 9,81 c 04 0,325 dri
o , c rive
g. 10,00 o 0,3
5 B )
§ 5,00 3 0,
O 201
o
0,00 _ 0
type of drive type of drive

This research was supported by the Slovak Research and Development Agency under
Contracts No. APVV-21-0406,

REFERENCES

[1] Donateo, T. et al. Trends and Hybridization Factor for Heavy-Duty Working Vehicles. In: Donateo, T. (ed.).
Hybrid Electric Vehicles. IntechOpen, 2017. https://doi.org/10.5772/intechopen.68296

[2] Giuffrida, A., Zamboni, G. Real-time estimation of fuel consumption and CO: emissions in construction
machinery. Energy Procedia, 2019, 158, 4026-4031. https://doi.org/10.1016/j.egypro.2019.01.879

[3] Zhang, Y., Mi, C. Vehicle Power Management: Modeling, Control and Optimization. Springer, 2011.

[4] Lajunen, A, Lipman, T. E. Lifecycle cost assessment and carbon dioxide emissions of diesel, natural gas,
hybrid electric, fuel cell hybrid and electric transit buses. Energy, 2016, 106, 329-342.

[5] Saaty, T. L. The Analytic Hierarchy Process. New York: McGraw-Hill, 1980.

36



65" International Conference of Machine Design Departments ICMD 2025

NOTE ON CALCULATION OF SERVICE LIFE OF GEAR WHEELS
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The ISO 6336 standard is today the basic standard in Europe for both loading capacity
calculation of gears and determining their service life. This standard is relatively extensive.
This makes it difficult to use easily, but it can sometimes also lead to incorrect calculation
procedures [1, 2, 3]. The aim of the article is to draw attention to possible inconsistencies in
calculating the service life of a gear pair. This is based on a load spectrum, which is most often
defined by the so-called level load spectrum. This spectrum is given by either forces or torque
moments on the pinion in relation to the number of load cycles on each level. The creation of
these load spectra is demanding and takes a very long time. Furthermore, the more load levels
are used, the more accurate the service life prediction is. The standard uses two hypotheses to
determine the service life — Miner's and Haibach's.

It is important to recognize the differences when using both hypotheses. When comparing
the results of calculations for the same load spectrum, sometimes significant differences appear.
This is mainly due to the fact that it is necessary to determine the values of the factors Kr, Kn,
Krekv and Krekv. These are also determined using both of the aforementioned hypotheses and
the load spectrum. When numerically processing surface load spectra, inconsistencies often
occur in the approximation in the area of the endurance limit.

It is also very important to correctly evaluate the results of calculations with loads in the
area close to the strength limit. There, even with a high service life, a critical safety value for
this limit may occur. Another point is the need not to use linear approximation when calculating
equivalent moments (forces) and also the factors Krekv and Krekv. Here, it is imperative to apply
a logarithmic approximation instead of the commonly used linear one.

It is important to note that these service life calculations cannot be performed manually,
but only programmatically. And it is very important to carefully monitor the calculation process
in the area of the endurance limit and also just below the strength limit.
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High-speed spindles operating at frequencies of 100,000-120,000 rpm are traditionally
driven by compact BLDC (Brushless DC) motors with high efficiency. Despite their
effectiveness, such motors generate significant amounts of heat requiring forced cooling.
Standard solutions are based on water cooling of the stator; however, this approach has certain
limitations and implementation complexities [1, 2].

The patented hybrid drive system for high-speed spindles used in cotton yarn production
presents an innovative solution — a combination of series-connected pneumatic turbine and
BLDC motor. One of the key design features is the utilization of exhaust compressed air from
the turbine for cooling the electric motor [3].

This approach provides direct cooling of heated surfaces — the airflow directly contacts
the rotor and stator surfaces.

In this work, CFD modeling of airflow patterns was performed to determine the effectiveness
of pressure regulation systems in specific spindle zones - at the turbine outlet and in the rear bearing
area. This enabled the acquisition of data that can be used for preliminary analytical evaluation of
turbine efficiency. The importance of this data is explained by the potential reduction in turbine
efficiency due to the creation of relatively high pressure at its outlet. Additionally, modeling of
airflow passage between the stator and rotor was conducted using additional aerodynamic elements
at the inlet, which were not considered in the original patent. This allowed for evaluation of the
proposed solutions' effectiveness and determination of parameter values affecting the cooling of
heated motor surfaces. Furthermore, parameters affecting rotational resistance of the rotor due to
aerodynamic friction from the passing airflow were assessed.

The obtained data will enable implementation of design modifications to the patented
spindle prior to conducting initial field tests on prototype samples. This will reduce the number
of modifications required in test specimens and accelerate the development of an effective
working solution.

The research presented in this paper is an outcome of the project VEGA No. 1/0708/24
“Research on the design parameters of the high-speed spinning spindle of the progressive
concept”
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This paper investigates the verification of CAD models using advanced 3D scanning
technology, emphasizing its role in assessing geometric deviations in manufactured
components. The verification process (see Fig. 1) begins with the alignment of 3D scans to
nominal CAD models, followed by a detailed comparison through deviation mapping and
quantitative tolerance evaluations.

Furthermore, this paper explores the implementation of new geometric specifications
introduced in ISO 22081, demonstrating their practical application and impact on precision
engineering. Key principles of ISO 22081 are analyzed, highlighting its advantages over the
now-obsolete 1ISO 2768-2 standard [2]. Integrating 3D scanning into verification workflows
enhances reliability, enabling precise assessments of compliance with modern specifications.
Ensuring dimensional accuracy in manufacturing is critical for maintaining quality and
adherence to evolving industry standards.

= W 1
3D model (CAD) - . ’ Datum Alignment ‘ First 3D comparison of scan ‘ Example of individual
Nominal Geometry (CAD « 3D scan) and CAD model geomatric tolerances

Fig. 1 Process of Verification of real part with CAD Model Using 3D Scanning.

This paper provides a comprehensive guide for professionals seeking to adopt the latest
geometric standards and verification methodologies in their manufacturing processes. The
refined 1SO 22081 specifications offer a clearer interpretation of permissible geometric
variations, ensuring greater consistency throughout various production stages [1].

Unlike traditional contact-based measurement techniques, 3D scanning enables non-
invasive, highly accurate assessments of component geometries. It facilitates the efficient
detection of deviations between CAD models and manufactured parts, thereby supporting
improved quality control and production optimization [3].
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The key operational parameters of high-speed spindles for cotton fiber yarn production
are operating rotational frequencies in the range of 100 — 150 thousand rpm and power
consumption of approximately 100 W. Design parameters are characterized by a minimal
number of components that must have simple geometry and relatively straightforward
assembly. This is attributed to mass production requirements, small component dimensions,
and limited-service life. During spindle operation, significant heating of the bearings occurs
along with corresponding thermal expansion of their elements, resulting in clearances between
balls and raceways varying within considerable limits. In cases of excessive clearance at
operating rotational frequencies, shaft vibration occurs, while absence of clearance after heating
leads to even greater rotational resistance and, consequently, additional heating. This paper
examines a design solution for shaft stabilization across the entire range of operating
temperatures, which is proposed for implementation in an already patented spindle design with
hybrid electro-pneumatic drive [1]. The proposed solution consists of the outer ring of the rear
bearing as a separate component that has axial mobility relative to the housing. A wave ring
spring is used to create part of the required axial force. Dynamic stabilization will be
implemented using compressed air that acts on the end surface of the movable outer bearing
ring in the direction of spring pressure. Air supply is accomplished through special chambers
in the housing during specific operating modes — acceleration and deceleration.

This solution advantageously differs from analogs with hydraulic bearing preload in that
it utilizes already available compressed air required for operating the pneumatic turbine in the
hybrid spindle drive system. Among the advantages, one can note less stringent requirements
for pneumatic chamber sealing, since absence of complete tightness will not reduce preload
efficiency. Another positive effect is the overall simplicity of the compressed air supply control
system solution. These features correspond to the concept for spindles of this class — application
of cost-effective and simple solutions for mass production [2, 3].

The research presented in this paper is an outcome of the project VEGA No. 1/0708/24
“Research on the design parameters of the high-speed spinning spindle of the progressive
concept”.

REFERENCES

[1] Ondrugka, J., Soo$, L., Babics, J., BoSansky, M., Protasov, R. "Development Hybrid High-Speed Electro
Pneumatic Spindles Drive Unit". Strojnicky ¢asopis - Journal of Mechanical Engineering Slovak University of
Technology, 74, no. 2, pp. 49-59, 2024. DOI: 10.2478/scjme-2024-0025

[2] Cézova, E. "Demonstration of Neural Network in Prediction of Bearing Lifetime". Manufacturing Technology, 25
(2) 2023, 1SSN:1213-2489 DOI: 10.21062/mft.2025.017

[3] Guilherme, L., Hui, L., Brumercik, F., Glowacz, A., Sulowicz, M., Kozik, J., Irfan, M., Piech, K., Gutten, M., &
Korenciak, D., Glowacz, W., Caesarendra, W., Li, Z. Kumar, A. Fault diagnosis of electrical faults of three phase
induction motors using acoustic analysis. Bulletin of the Polish Academy of Sciences Technical Sciences. 148440-
148440. 2024, DOI: 10.24425/bpasts.2024.148440.

40



65" International Conference of Machine Design Departments ICMD 2025

COMBUSTION CHAMBER FOR HYDROGEN INTERNAL
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The current industrial policy of the European Union is defined by its ambition to achieve
carbon neutrality, with particular attention given to the transport sector, which faces significant
pressure to reduce emissions. The transition to alternative propulsion systems must proceed
gradually, taking into account the structure of the automotive industry and its supplier networks.
According to current forecasts, internal combustion engines will continue to play a key role in
2030, particularly in aviation, maritime transport, and long-distance road freight. One of the
main technological challenges is the efficient combustion of hydrogen fuel, which holds
significant potential for application in the next generation of internal combustion engines [1,
4]. However, a critical issue remains the control of the hydrogen combustion process, which is
highly sensitive to operating conditions [2]. The proposed combustion chamber for hydrogen
internal combustion engines with dual injection represents a technical solution aimed at
improving the reliability and efficiency of hydrogen-powered combustion systems [3]. From a
structural perspective, the combustion chamber consists of a cylinder head housing intake and
exhaust valves, a high-pressure injector, and a spark plug. The cylinder head is firmly connected
to the cylinder in which the piston moves, and the system also includes a low-pressure injector
[3]. The piston incorporates a specially shaped compression space formed by a series of
concentric rings — intake, expansion, ejector, and compression. The main advantage of this
configuration lies in its ability to effectively manage the hydrogen combustion process, which
is one of the key barriers to implementing this technology in mass-produced engines [2]. The
system's operation is based on dual injection of the same fuel type via two independent injection
systems — a high-pressure and a low-pressure injector. Both systems allow for single or multiple
fuel dosing depending on the operating mode [1]. The proposed solution is compatible with
standard internal combustion engine architectures and enables operation across a wide load
range while significantly reducing emissions [1, 3]. The combustion chamber for hydrogen
internal combustion engines with dual injection offers a promising solution that may
substantially contribute to meeting emission targets in the transport sector while also enabling
the efficient use of sustainable fuels [4].
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Abstract:

This paper focuses on the complex transport processes in the cathode tract of a hydrogen PEM
(Proton Exchange Membrane) fuel cell, which significantly affect the achieved values of the
cell output parameters. Transport processes on the cathode side of a hydrogen PEM fuel cell
are specific to different parts (sections) of the cathode tract, which includes the cathode gas
flow channel denoted by the symbol GFC, the reactant-air diffusion layer (GDL) and the
cathode catalytic layer (CCL). The individual parts of the cathode tract differ in their function,
design and material. It is shown how the generally valid equations are affected by the physical
structure of the PEM fuel cell. Since several phases coexist during the operation of the fuel cell,
it is shown where interphase interactions occur. The oxygen and proton transport losses
occurring in the catalyst coated layer (CCL) as well as the oxygen transport losses in the gas
diffusion layer (GDL) are pointed out. The changes in temperature, relative humidity and gas
pressure on the cathode side are analyzed. The paper explicitly describes the main factors that
affect the quality of transport processes in individual parts of the cathode tract of a hydrogen
PEM fuel cell.

Key words: hydrogen fuel cell, gas transport, diffusion layer, catalytic layer, cathode, air,
oxygen, nitrogen, water vapor, protons, electrons, reactants.
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The energy of a Vanadium Redox Flow Battery is stored completely in the liquid electrolyte
which is located in two separate tanks for negative and positive electrolyte. For charging and
discharging the battery, the electrolytes must be pumped through the stack, where the
electrochemical conversion takes place. A battery stack consists of several single cells that are
stacked on top of each other. Each single cell, in turn, consists of two half-cells with two carbon-
felt-electrodes separated by an ion-exchange-membrane. Between the single cells are graphite-
bipolar-plates. The basic structure of the stack consists of polymer-frames, one for each half-
cell, which are fixed by two end plates that are compressed by tie-rods.

Developing a battery stack from scratch, some basic design considerations must be done:

The first step is to fix the size of the active area
of the stack, which determines its nominal
power. In general, the material costs for a big
stack are lower, but manufacturability, handling
and space conditions inside the battery container
as well as the availability of materials must be
considered. Next, the thickness of the frames
must be fixed. Thin frames have the advantage of
low resistance due to thinner electrodes and/or
higher electrode compression. Thicker frames,
on the other hand, provide better flow due to less
pressure drop. The length-width-ratio of the
electrode-felt must be set by considering the
pressure drop of the electrolyte-supply-channels
and the pressure drop of the electrode-felt itself.
Furthermore, the electrolyte-channels in the
frames must be designed with respect to pressure

drop as well as shunt currents, which are currents Figure 1 CAD-Model of the InoHub
through the electrolyte-channels of the stack that Battery Stack

are causing energy losses. Additionally, a suitable sealing concept must be developed. The
shape, dimensions and compression must be chosen to guarantee tightness over the whole
lifetime of the stack. Materials must be selected regarding costs, mechanical and chemical
stability as well as electrochemical performance. For the customized parts of the stack, the
optimal manufacturing process must be chosen. The goal is to have full functionality at the
lowest price possible. Finally, all parts of the stack must be optimized regarding price and the
handling. At transition to mass-production, the stack must be cheap and easy to assemble with
high reproducibility and low scrap rates.

Having considered all these points mentioned in the section above, InoHub has successfully
developed a stack for Vanadium Redox Flow Batteries. The InoHub-Stack is designed to
provide the nominal power of 9 kW. At the operation at 1 bar and 35°C electrolyte temperature
the stack reaches an energy efficiency of 80%.
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As concerns over climate change intensify, carbon capture technologies are increasingly
viewed as essential tools in reducing greenhouse gas emissions. Carbon capture and storage
(CCS) involves the separation of carbon dioxide (CO:) from industrial and energy-related
sources and its long-term storage. The design of equipment for carbon capture is central to the
efficiency, cost-effectiveness, and scalability of CCS systems.

The first stage in CCS is the capture of CO2, which can be achieved using three primary
methods: post-combustion, pre-combustion, and oxy-fuel combustion. Among these, post-
combustion capture is the most widely implemented, particularly in retrofitting existing power
plants [1]. This method typically employs absorption columns where flue gas passes through a
solvent—commonly amine-based solutions—that chemically binds with CO.. The design
considerations for absorption columns include gas-liquid contact efficiency, pressure drop, and
solvent regeneration requirements [2]. Another key component is the stripping column, used to
regenerate the solvent by heating, thereby releasing the absorbed CO-. The energy required for
regeneration, known as the "energy penalty,” is a major design and economic constraint.
Engineers must optimize column dimensions, heat integration systems, and solvent properties
to reduce energy consumption [3]. Membrane separation is another emerging technology for
CO: capture. It involves the selective permeation of CO: through polymeric or ceramic
membranes. The design challenges include achieving high selectivity and flux, maintaining
mechanical stability under high pressure, and preventing membrane fouling [4].

Integration with existing plants requires additional design considerations. Piping systems,
compressors, and heat exchangers must be carefully engineered to handle the captured CO:
safely and efficiently. Material selection is critical to prevent corrosion and ensure long
operational life. In conclusion, the design of carbon capture equipment is a multidisciplinary
effort involving chemical engineering, materials science, and process integration. Future
improvements are expected to focus on reducing costs, increasing energy efficiency, and
enabling modular, scalable systems for a variety of industrial applications.
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Defect detection in rubber hoses is essential for ensuring the reliability of components
used in the automotive industry. Currently, quality control of these hoses is often performed
manually, with operators relying solely on touch to identify potential defects. This method is
highly subjective and depends on the experience of the inspector, which can result in missed
minor yet critical defects, such as delamination. This article presents the design and
development of a simple device for semi-automated defect detection based on differences in
the mechanical stiffness of the hose material. The device operates on the principle that a test
roller, preloaded by a spring, is pressed against the surface of a moving hose. In areas with
reduced stiffness, typically where a defect is present, the roller penetrates deeper into the rubber.
The displacement of the pin is measured using a dial gauge, enabling precise quantitative
evaluation of stiffness variations and thus the localization of potential defects. The proposed
device serves as an experimental intermediate step for verifying the effectiveness of this
detection principle. Initial testing results indicate that the method based on mechanical stiffness
measurement is capable of identifying defects that would otherwise be detected only by skilled
touch. In the next phase of development, the device will be enhanced with an automated drive
and electronic data evaluation system, aiming toward the creation of a fully automated quality
control system for rubber hoses.

Fig. 1 a) Ideal dispersion, b) 3D blade design, c) 2D simulation of new blade type
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The paper analyses the correlation between the key printing variables, mainly the height of the layer and
the volumetric speed on the resulting electrical properties.

In order to carry out the experiment, it was first necessary to determine the dependence of the electrical
resistance on the magnitude of the tightening torque of the screw connection. For testing purposes, threads were
physically cut into the samples from the conductive material. Different torques were applied using a torque wrench.
After each tightening operation, the electrical resistance was measured by means of a precision ohmmeter. The
aim of the methodology was to assess whether and how the magnitude of the mechanical load has an effect on the
quality of the electrical contact and the resistance value.

In the experimental part, three different printing profiles were created, which differed in the printing
parameters of layer height and printing speed. For each profile, ten identical conductive filament test samples were
printed. The samples have been designed to allow accurate connection of the measuring electrodes and to minimise
the error caused by contact resistance. After printing, individual samples were subjected to voltage-current
characteristic measurements using a laboratory power supply and precision multimeter. The measurements were
performed in a stable environment to ensure reproducibility of the results and eliminate the influence of ambient
conditions. The resulting data was recorded and used to compare electrical properties between individual print
profiles.

The results in this article extend the current knowledge in the field of additive manufacturing of functional
materials (like in articles [1], [2] and [3]) and provide practical guidance for optimizing manufacturing processes
aimed at achieving specific electrical properties in 3D printed components. The identified dependencies between
printing parameters and electrical conductivity can be used to design and manufacture prototypes and functional
parts with integrated electronics. Future research directions should include a more detailed analysis of the
microstructure and distribution of conductive fillers in the polymer matrix in relation to the applied printing
parameters, as well as an investigation of the influence of other process variables (layer overlap, fill density) and
the potential of post-processing.
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This work focuses on the mechanical testing of SLA (Stereolithography) resins Tough and
Rigid, processed using Low Force Stereolithography (LFS) technology. The study evaluates
the tensile and flexural behavior of these materials through standardized tests based on [1] and
[2] procedures.

Specimens were printed using Formlabs® hardware under controlled conditions and post-
processed with varying curing parameters. Mechanical responses were analyzed using stress—
strain curves, and the data were interpreted using polynomial and bilinear regression models.
Surface roughness was also measured to investigate its potential influence on mechanical
performance.

The primary objective of this work is to create a comprehensive and validated material property
database intended for designers and simulation engineers, providing realistic mechanical
parameters for SLA materials. The resulting material models can be directly used in engineering
analyses and numerical simulations, supporting more accurate design and performance
predictions for 3D-printed components.
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Fig. 1 Graphic abstract
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This work focuses on the implementation of a comprehensive approach incorporating
reverse engineering, topology optimization, and additive manufacturing for the design and
fabrication of complex-shaped components with specified strength and stiffness characteristics
under mass minimization constraints. A rear swingarm of a sport motorcycle was selected as
the research object [1, 2]. The low-volume nature of motorcycle manufacturing and the need
for frequent modernizations make additive technologies economically attractive through the
elimination of expensive tooling and reduction of development time [3].

The initial swingarm model was obtained through three-dimensional scanning of the
actual component, followed by the creation of a parametric model based on the scan data.
Topology optimization was performed in the 3DEXPERIENCE system considering multiple
loading scenarios, stress and deformation constraints, as well as additive manufacturing
technological limitations [4, 5]. Results verification involved conducting physical experiments
on a manufactured prototype to determine stiffness under design loads and comparing measured
values with those obtained from FEA modeling. Analysis of the obtained data showed a
discrepancy between numerical simulation results and experimental data of less than 5%.

The presented approach demonstrates significant potential for modernizing existing
components and creating specialized modifications. This enables the creation of components
with specified characteristics for machine assemblies where mass and size minimization are
priorities, and the advantages of additive manufacturing justify their cost through achievable
component geometry, reduced manufacturing time, and minimization of finishing operations.

The research presented in this paper is an outcome of the project VEGA No. 1/0708/24
“Research on the design parameters of the high-speed spinning spindle of the progressive
concept”.
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The paper deals with a new original method of cooling battery cells, especially for car batteries.
In this case, the cells have the shape of a cylinder. Fig.1 shows a prototype of a small vehicle
battery, consisting of 28/14-2 cells (14 cells in series, two in parallel). On the left is a section
of the complete CAD model, on the right is the battery without a lid and terminal blocks. The
battery terminals are 60V.

Fig.1 Small vehicle battery prototype, CAD model on the left, real part on the right

A battery was designed that is cooled by a fluid (gas-press air, liquid-fridex), flowing through
a hyper elastic channel winding between the cells. Cooling is two-way, i.e. first along the lower
part of the cells in the direction and back along the upper part of the cells in the opposite
direction. The cells are wrapped 2x290° - top and bottom. On one cell there is a helix of a
cooling medium tube, so that cooling can be achieved from the bottom to the top. As a result,
each of the cells has the same average cooling temperature. The distances between the cells are
standard distances used in industrially manufactured batteries. The hyper elastic pipe is 0.5 mm
thin, the diameter is 2x30 mm, so the smallest distance between the batteries is 6 mm.

The advantage of this system is the controllability of the heat exchange surface based on the
overpressure of the cooling medium in a hyper-elastic, flexible channel. In the case of a greater
demand for heat dissipation, the pressure in the channel increases, and therefore the girdling of
the cells. The cooling is counter-directional, easy to manufacture and assemble. The channel is
electrically non-conductive. The paper performs a strength calculation of the cooling pipe.
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The proposted scientific paper presents research focused on experimental testing of gear
transmissions on a Nieman type test rig, while the parameters of wear and tooth surface
roughness were analyzed. The gears were made of 42CrMoS4+QT (15 142) material and
subsequently surface treated by nitriding, achieving a hardness of 580-600 HV5 for the pinion
and 654-658 HV5 for the wheel. Two pairs of gears were subsequently deposited with a PVD
coating of the nACRo04 type. Two types of lubricants were used during testing — conventional
mineral oil PP 80 and biodegradable oil Carter Bio 150. The aim of the research was to monitor
the roughness and wear rate of the contact surfaces of selected teeth between gears with and
without PVD coatings. The tooth wear was monitored at two characteristic points: at the tip and
reference diameter of the tooth to evaluate the influence of the load distribution on the extent
of damage. The loading experiments were performed according to the STN 65 6280 standard.
After each load test, the surface roughness value was measured; exceeding the specified limit
value was an indicator of seizure. Subsequently, after the end of the loading experiments,
detailed observations and analyses were performed using a JEOL JSM-IT300 scanning electron
microscope and EDS analysis using an Oxford Instruments X-Max 20 spectrometer. The
contact surfaces at the points of mutual contact of the teeth were compared - the reference
diameter of the pinion with the reference diameter of the wheel, the tip diameter of the wheel
with the root diameter of the pinion and the root diameter of the wheel with the tip diameter of
the pinion. The measured results were statistically evaluated and processed into graphical
dependencies between the degree of loading and the height of the Rz profile. To illustrate the
course of wear processes, the oil temperature was recorded for individual pairs. The research is
closely related to the completed monograph (1) and scientific publication (2), which deal in
more detail with the issue of PVD coatings on gear transmissions and their influence on
tribological properties and component life.
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The current state of the Ukrainian fuel and energy complex requires a continuous increase
in coal production. Currently, 80% of coal deposits are in thin seams. To solve this problem
Ukrainian plants created and introduced into serial production a new generation of coal shearers
[1]. An example of a new design is UKD200-500 coal shearer. It is designed for mechanized
coal extraction as part of mining complexes, in longwalls of shallow and inclined seams 0.85—
1.5 m thickness, moving along strike with inclination angles up to 35°, as well as rise and fall
with angles up to 10°, with coal cutting resistance up to 480 kN/m. Its technical characteristics
are at the level of modern foreign counterparts.

UKD200-500 coal shearer is a cutting action
machine equipped with auger executive bodies for
destruction and loading of coal onto a conveyor —
Fig. 1. Moving the shearer with a scraper conveyor
is carried out by means of an external feed system.

The most loaded elements of mining machine
are gears of cutting part. Calculations of gears
strength and durability have been carried out. The
modelling of the teeth stress-strain state by the finite element method also has been carried out [2].

Fig. 1 The UKD200-500 coal shearer

Investigations of the processes of blade processing of gears and shafts of gearboxes of
coal combines were carried out [3]. The state of the surface layer, the quality and accuracy of
processing these parts with a blade tool made of superhard materials are determined. Research
for grinding of an involute profile of gear wheels of gearboxes of mining machines is carried
out. The influence of processing processes with a tool made of superhard materials on the
strength and durability of gear drives of mining machines is determined.

The developed design of the gearbox for the cutting part of the combine provides the
necessary durability of 15 000 hours and an average resource before overhaul.
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In the field of development and design of technical systems (TS), firms are encountering
increasing problems with the implementation of current methodologies, approaches and
requirements of standards into ongoing design processes in their daily practice. The efficient
use of new technologies and hardware resources introduced in firms creates enormous pressure
for the emergence of new or updated methodologies, approaches and development tools, as the
existing systems offered to the design practice are unable to respond flexibly and efficiently to
the changing characteristics of TS and especially the requirements placed on them. Therefore,
it is primarily necessary to undertake an appropriate re-evaluation of older, established and
proven engineering problem-solving methodologies in order to increase the efficiency,
progressivity and speed of outputs in an environment of ever-increasing demands for the
optimal achievement of the parameters of the required properties of TS. However, this does not
mean that old and outdated design techniques can be condemned in advance; on the contrary,
what is still good and applicable should be adopted and applied purposefully and transformed
to the level of the current state of knowledge.

The most widely used method of tolerance analysis (hereafter TA) is sometimes also
referred to as the method of calculating maxima and minima. It is based on the condition of
observing the required limit deviation of the closing element for any combination of the actual
dimensions of the sub-elements. This method guarantees complete assembly and operational
interchangeability of the mechanical parts. However, if a higher accuracy of the closing element
is required, this leads to too small tolerances of the sub-elements, resulting in excessively high
production costs.

This paper aims to provide designers with more powerful and flexible TA tools. By using
the offered flexible tools, designers will gain knowledge that will enable them to optimize the
properties of TA more effectively in an environment of rapid increase in the demands placed
on them. This includes ensuring assembly, interchangeability, high accuracy, low production
times, low costs and functionality at the required change in operating temperatures.
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Torque transmission in shaft—hub connections typically utilizes longitudinal keys due to their
straightforward design, reliable performance, and widespread applicability in various load
scenarios. However, conventional longitudinal key designs often involve complex
manufacturing processes, requiring specialized equipment such as broaching, shaping, or
electro-discharge machining, significantly increasing production complexity, time, and cost
[1,2]. Moreover, these methods frequently
introduce stress concentrations and require
skilled operators, further elevating the
manufacturing overhead. Addressing these
limitations, this research introduces an
innovative approach termed transverse key
placement, repositioning  the  key
perpendicularly to the rotational axis,
thereby creating a configuration resembling
a pin joint. This new method markedly
simplifies the manufacturing process by
leveraging basic milling operations, thus
becoming highly accessible even for smaller
production facilities or workshops.

Fig. 1 - The view of the proposed joint Analytical  methods  adapted  from
established pin-joint models quantify the
torque transmission capacities, revealing that despite the inherent reduction in effective load-
bearing surfaces, transverse keys provide notable manufacturing, economic, and operational
advantages. Comparative evaluations demonstrate that transverse keys effectively balance
production simplicity with mechanical performance, particularly advantageous in situations
characterized by limited hub widths. Additionally, experimental considerations suggest that
transverse keys can offer improved cost-effectiveness without significantly compromising
durability. Nonetheless, tolerance analysis underscores potential clearance concerns impacting
fatigue performance, emphasizing the necessity of precise fit selection, rigorous quality control,
and careful design optimization. Ultimately, this method represents a promising alternative for
optimizing torque transmission solutions, particularly within spatially, economically, and
technically constrained mechanical engineering applications.
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Abstract: The paper focuses on the analysis of the operation of a straight-bladed jet
turbine. Depending on the circumferential speed of the turbine, the relative velocities of the
abrasive particles and their effects on the target area were investigated. A complex 3D model
of the blast turbine was created based on the given parameters. To optimize the abrasive
distribution on the leading edge of the blades, modifications were made to their geometry. To
simplify the finite element method (FEM) calculations, the model was converted into 2D form.
The input turbine speed parameters, particle properties and abrasive flow were then input to the
model. The simulation captures the entire process of abrasive movement - from its entry into
the turbine, through its interaction with the leading edge of the blades, to its impact on the target
surface. The modelling results provide detailed records of impact locations and particle
velocities.

a)

Fig. 1 a) Ideal dispersion, b) 3D blade design, ¢) 2D simulation of new blade type
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VIBRATION ENERGY REDISTRIBUTOR DESIGN AND
CHARACTERISTICS IDENTIFICATION

ZULOVA Lucial, GREGA Robert?, KRAJNAK Jozef3, URBANSKY Matej*

4 Faculty of Mechanical Engineering, Technical University of Kosice, Department of Engineering for Design of
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In mechanical drives of machines and devices, unwanted vibration energy is created,
which needs to be reduced to minimum values [1-3]. Worldwide exist many approaches to its
reduction, and one of them is a targeted energy transfer of vibration to a secondary device
applied in mechanical drive, in which vibration energy is dissipated in a one way and
irreversible manner [4-6]. The aim of the article is to present the design of this type of secondary
device (Fig.1), and identification of its static and dynamic characteristics.

Fig. 1 Redistributor of vibration energy - 3D model
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