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FOREWORD

The 9th International Scientific Conference - IRMES 2019 - Research and Development of
Mechanical Elements and Systems is organized by the Department for Mechanical
Constructions and Mechanization of the Faculty of Engineering at the University of
Kragujevac and the Association for Design, Elements and Constructions — ADEKO.

On the previous eight IRMES Conferences (the first in 1995, the last in 2017), around a
thousand papers have been presented, and there were over a thousand participants from
all over the world. A long and successful tradition is a stable basis for organizing this and
future IRMES Conferences.

The mission of IRMES Conferences is to serve the global community by improving, spreading
and applying new engineering knowledge, with the goal of being used as a source of the
newest and most relevant information for mechanical engineers and experts in related fields
—on alocal, regional and global level.

Specific goals, themes and fields of the IRMES 2019 Conference are defined in cooperation
with the ADEKO association, and in accordance with current topics and problems. Thematic
units of the conference are: Mechanical Elements and Systems (modeling and simulation,
loading and stress conditions, tribology, noise and vibrations, maintenance and monitoring,
safety, quality, reliability), Power and Motion Transmission Systems (development of new
concepts, modeling and simulations, noise and vibrations, testing, safety, quality, reliability),
Product Development Process (technology transfer, creativity and innovations,
development and design, Innovative product development, smart systems, industry 4.0,
knowledge economy) and New Technologies and Materials (CAD/ CAM/ CAE technology,
intelligent production systems, robotics and mechatronics, rapid prototyping, new
materials).

We have ensured a wide international participation, in order to have as many high quality
research papers as possible and in order to increase the significance and influence of IRMES
Conferences on a global level. Of a total of over 180 submitted papers, authors of over 60%
of the papers are from over 30 different foreign countries.

All submitted papers have undergone the process of international review, and of the
submitted papers 140 were accepted which met the high set criteria. We would like to thank
the reviewers on their hard work and dedication, which have increased the quality of the
IRMES 2019 Conference.



This Book of Abstracts features extended abstracts of those papers, while the complete
papers will be, according to authors’ preferences be published through I0OP Publishing
Service in “IOP Conference Series: Materials Science and Engineering”, or in one of six
eminent journals.

Keynote lectures for the IRMES 2019 Conference will be held by prominent professors:
Marco Ceccarelli - President of IFToMM, professor of Mechanics of Machines at the
University of Rome Tor Vergata, Italy, Radoslav Martinovi¢ - retired professor at the
University of Montenegro, Vojislav Miltenovic¢ - Chief of the Smart office 1 of the Innovation
Center of the University in Nis (ICUN), and Milosav Ognjanovié - professor emeritus at the
University of Belgrade, Faculty of Mechanical Engineering. He is a full member of Academy
for Engineering Sciences of Serbia — AESS and works for EDePro — Engine Design and
Production.

Included in the IRMES 2019 Conference is also the Honorary Committee, which is made up
of the most respected and experienced professors and researchers from the field of machine
elements and design, with the goal of achieving continuity and a high quality of IRMES
conferences to come.

Using good experiences from the previous IRMES 2017 conference, a student section will be
organized again this year. Our goal is to spark interest in, and include, a large number of
students, young and creative people, to work in the field of elements and design and to
suggest new ideas and specific solutions, and to, through their participation in the
conference, gain new experiences.

A large support for the organization of the Conference was provided by our sponsors. Aside
from material help, it is important that a large number of companies understands and
supports the importance of research and connecting results to practical application. We
would like to thank or sponsors on their support.

The IRMES 2019 Conference will also include a number of other manifestations in order to
ensure a high quality of exchanging knowledge and experiences, as well as a pleasant stay in
Kragujevac in September of 2019.

We would like to thank all authors, committee members, reviewers, sponsors and others
who have helped this Conference and attributed to its quality and importance.

To all participants we wish successful involvement in the IRMES 2019 Conference and a
pleasant stay in Kragujevac.

Chairman of the Organizing Committee of IRMES 2019

Professor Nenad Marjanovic, PhD
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elements and systems, as well as creating and maintaining IRMES conferences.
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Among the panel systems, floor heating is the most widely used in Serbia because it offers
characteristic advantages in terms of thermal comfort and final energy consumption. The
uniform distribution of room temperature, lower temperature regime, easy installation, long
service life, simple control, and the current low price of electricity are the reasons for the
increasing use of electric heating cables (EHC) in floor heating systems. The application of
low-temperature electric floor heating panels (LTEFHP) is limited to hygienic requirements
(Table 1, Table 2), therefore the surface temperature of the floor should be uniform and
within certain limits. The field of application of EHC in the construction of floor heating
panels (Figure 1, Table 3) was investigated taking into account their mutual axial distance
and temperature regime. The complete research was conducted numerically, using the finite
volume method (FVM) in the ANSYS Workbench 14.5 software.

Table 1. The maximum floor temperature limit values depending on the LTEFHP application

Room 0
category Type of room ts-max [°Cl
| In working rooms where a longer period of time is mostly 25
standing
Il In residential and office spaces 28
1] In exhibition and similar halls 30
v In the bathrooms and swimming pools 32
Vv In rooms where short stays, or through which only passes 35
Table 2. Simulation scenario
tin [°C] 30 35 40 45 50

L [mm] 70; 80; 90; 100; 110; 120; 130; 140; 150; 160; 170; 180; 190; 200

262



T ppax

T v

j}/ /Z

&\\\\\ N
A

faro

Figure 1. Initial boundary conditions before simulation of LTEFHP

Table 3. Characteristics of materials in the construction of the LTEFHP

r?:r‘:]'gz:r Material Himl | olke/m®] | o [/keK] | A W/mK]

1 Granite plates 0.012 2700 920 35

2 Cement screed 0.05 2200 1050 14

3 EHC -

4 PVC foil 0.001 1200 960 0.19

5 Styrofoam 0.05 33 1500 0.035

6 Reinforced concrete 0.04 2400 960 2.04

7 Ggravel layer 0.2 1700 840 0.81

8 Stone layer 0.25 1750 840 2.035

The results showed that LTEFHP can easily be used to heat residential and office space
(category 1) if the input temperature is 30°C in the floor heating panel. If the input
temperature is 35°C, then it can be used to heat the exhibition and sports hall (L=115-200
Heating rooms IV and V category is possible with an input temperature of 40°C, but the
application limit is quite shifted (L=163-200 mm for category IV). With an inlet temperature
of 45°C it is possible to heat only the rooms of the V category, if the distance between EHC
is 150-200 mm. Due to hygienic requirements, LTEFHP has no application for the input
temperatures in the panel 250°C.

Acknowledgments. This investigation is a part of the project TR 33015 of the Technological
Development of the Republic of Serbia. We would like to thank the Ministry of Education,
Science and Technological Development of the Republic of Serbia for their financial support
during this investigation.

263



