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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 a local, 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 IOP 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 Martinović ‐ retired professor at the
University of Montenegro, Vojislav Miltenović ‐ Chief of the Smart office 1 of the Innovation
Center of the University in Nis (ICUN), and Milosav Ognjanović ‐ 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 Marjanović, PhD
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SUMMARY
Challenges for Robotics can be considered from several viewpoints in technical, social, and
financial ones as due to new designs and applications of robots. In this keynote paper new
horizons in Robotics are discussed in terms of Innovation issues coming from Mechanism
Design. The attention is focused on challenging aspects that are related to the mechanical
structure of a robot system as a key design issue both for the robot structure and operation
when considering assigned tasks either in substituting or helping human operators. The
keynote speech presents aspects emphasizing the role of mechanism design in robot
developments as based on the fact that the action of robots in performing their tasks, either
in coordination or not with human operators, is of mechanical nature due to motion and
force transmission goals of the operation. The challenges of mechanism design for robots is
presented both in terms of technical solutions and community activity, since each of them
depends, impacts, and generates each other. Examples of past and current solutions are
presented to show how a mechanism design can be determinant for a robot design for novel
successful achievements.
Today, Innovation is understood as a multidisciplinary activity to produce technological
developments with practical implementations for benefits both of their producers and users
for society improvements. In the last decades Science achievements have made possible
new engineering developments (and vice versa!) in many fields with evolutions that have
been faster than in the past.
Figure 1 summarizes the concept of innovation as produced and exploited by individual
actors within a multidisciplinary frame of several different areas. The success of innovation
requires that all these aspects will be properly developed and concur to the final
implementation of an innovative product/idea in the usage by a large community or public.
However, it is to note the innovation is strongly based on technical ideas/achievements, but
its success is obtained thanks other non‐technical factors.
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Figure 1. A scheme for actors and areas in Innovation activity
Robotics has shown Innovation challenges and potentialities since the early days and
nowadays is well recognized the impact that any further achievement in Robotics can have
on the society improvements both in production aspects and in diary life quality. Innovation
in Robotics can be recognized in developments for Science knowledge and novel solutions
both with robotic systems and their operations in new areas and public fruition at proper
level of complexity and cost.
Mechanism design is an important step in design procedures for new robot systems when
considering the mechanical nature of the structure and task to be achieved.
Figure 2 summarizes the main concepts and activities of the design process of robot systems
with a central role of mechanism design also as related to the challenges in Innovation
expectations from a perspective giving a key role to the mechanical design matching
operation and design issues also from the multidisciplinary (mechatronics) robot fea‐tures.
Although the scheme gives a sequential order of the activities, the design process can be
considered iterative or even with implications from one step to another.
Examples of Innovation in Robotics are reported to clarify the challenges and results as due
to Mechanism Design for robots, both in new robot systems and community developments.
Figure 3 shows examples of humanoid robots as based on mechanism design: in Figure 3 a)
is the pioneer first humanoid Wabot‐1 that was presented by prof. I. Kato at the first
Romansy in 1973, and in Figure 3 b) is the LARMbot humanoid design in 2015 by the author’s
team as based on several parallel mechanisms.

Figure 2. A scheme of the activity in Robotics challenge activity centered on Mechanism
Design
3

An example of innovation from community viewpoints is the start of the Romansy
conference series in 1973, Figure 4 a), as the first pioneering conference forum on Robotics
and Figure 4b) shows the proceedings page of the MEDER con‐ference series that is
specifically started in 2009 on Mechanism Design for Robots.

a)
b)
Figure 3. Examples of mechanism design in humanoid robots: a) Wabot 1 humanoid in 197;
b) LARM bot design in 2015
Innovations is produced by inventors coming from a community and producing new figures
in the community. Significance of innovation is produced and supported by the
corresponding community and particularly significant can be considered the history and role
of IFToMM in Robotics and MMS at large. Significant examples of contributions of IFToMM
with innovation contents can be summarized both in community aggregation and
identification for new re‐search subjects of large interest, new forums and publication
frames, and new formation characters in research and profession. Specifically, in Robotics,
the TC of Robotics and Mechatronics is the innovative community result that since the early
days of IFToMM searches for new horizons in the field with main attention to mechanical
implications of the mechatronic design and operation of robots. The Innovation in the TC is
the TC itself with its peculiar character as per IFToMM vision stimulating promotion and new
achievements not only with Romansy conference but also with many other conferences and
activities that are organized on purpose or co‐sponsored to support the mechanical
engineering viewpoints within a multidisciplinary approach.

a)
b)
Figure 4. Title page of proceedings of: a) Romansy in 1973, [4]; b) MEDER in 2015, [7].
4
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SUMMARY
It was the fifth of October 1957 and our first lecture of Mechanics held by our well known
Professor Danilo Rashkovich. Professor entered to the big amphitheatre 56 of the old
building of Mechanical engineering faculty, followed by the group of assistants who always
were charged by numerous lecturing devises. He started his impressive speech by the
question:
Do you know who deserves to be glorified for the great historical achievement that today
the Russian satellite is flying around the earth? The dead silence and Professor’s answered
The Russian Tcar Catarina the Second! She had brought the best mathematician in history of
science Leonard Euler when he was only 27 years old and posted him position of professor
at The University of Petersburg, and the chief of The Chair of Mechanics. Today just from
that Chair THE FIRST MAN MADE DEVISE IS FLYING AROUND THE EART. Today is the glorious
day of human being.
In the Hawking’s’ book “On the shoulders of giants” which has been published by Alnari,
2011, there are a lot details concerning the life and the scientific contributions of Nikola
Copernic (1473 1543), Galileo Galilei (1564 ‐ 1642), Johan Kepler (1571 ‐ 1630), Issak
Newton (1642‐ 1727), Albert Einstein (1879 ‐ 1955). An other capital work in our language
is “History of mathematics” written by our mathematician Miodrag Perovic, Crnogorska
Akademija nauka I umjetnosti, Podgorica, Montenegro.
It is my great pleasure to start this presentation by reminding the audience to The Lucass
Chair at The Trinity College, Cambridge. This much known Chair formed Henry Lucas 1663.
And the first professor was Isaac Barrow. He will give the professorship to the young Isaac
Newton when he was only 27. The strict rules of academic perfection were concerned to the
work with students. Four hours belonged to the discussion with the students about lecturing
astronomy, mathematics, mechanics etc. It was great honour to be a professor of this chair.
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During the Plague of 1665‐ 1667 Newton went to Woolsthorp, Lincolnshire. This period is
impotent by the result of his genius. He prepared there his most important work,
Philosophiae Naturalis Principia Matematica which was first time published 1685. In this
work he established mathematical ground of Keplers powers, the theory of universal
gravitation, the concept of force expressed in three lows of motion.
Newtons’ enormous contribution is to the theory and experimental works in optics. He
investigated and made by own hands the first reflective telescope. That telescope was only
15 cm long. When it was shown to The king Karlo II he was so impressed and promoted
Newton a member of the Society of the King (Academy of sciences) (1672).
From the book of Copernicus Keplers’ works put a specific challenge to mechanics, Galilei’s
rules defined principles, definitely Huyges gave the first simplest methods for solving such
problems. By such a way it looks to us when we study the history of science. But for the first
time that was clear completely by Newton. The enormous potential to understand all that a
genius mathematical potential enable Newton to solve the problem completely. This is an
essential discovery of the low of general gravitation. But when he was asked does he know
what the gravitation is, his answer was: I do not know. For me it is God. For us the fact that
gravitation exists and that acts according to the given rules and that is convenient for
explanation of the motion of planets and our sun. Just this Gods' phenomena was the subject
of Hockings and Penrous research. They developed 1974 the mathematical description of
the black holes. The black holes were seen by a Germen satellite at late seventies by
discovering curious behaviour of the rays of light in the vicinity of their gravitation field. They
published the very important article proving the validity of the general theory of relativity in
this case.
Concluding this short glance to Principia we must emphasize that the new discoveries at the
end of the 19th and the beginning of the 20th century, needed a lot of new discoveries out
of Newtonian approaches.
At the conclusion let me to remind the audience to some technological achievement of
celestial discovering or better to say, where and when we are living today after only halve of
century from the flight of the first satellite. To leave the earth surface the speed that is
needed is 11.2 km/s or 40.320 km/h. The speed on the earth needed to escape the Sun is
42.1 km/s or 151.600 km/h. Satellite New Horizon 2006 left the earth with the speed of
58.536 km/s. Now it flies by the speed of 14km/s. But the absolute champion is Pionier10
with the speed of 15.3 km/s. ‐Voyager 1 will leave Sun’s system within 14.ooo to 28.000
years.
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Abstract: In recent years, incredibly rapid changes have been taking place worldwide, largely
due to the rapid development of science and technology, known as the Industry 4.0. At the
heart of the Industry 4.0 are smart products and services. Smart technical products are also
referred to as "cyber‐physical systems" (CPS) and represent a combination of material and
immaterial components, so besides reliable executing the work function, they also have the
ability to digital networked and communicate with other products.
For this reason, one of the important tasks within the product development is the
transformation of existing and new products into intelligent and digital networked products.
Expectations are to come up to intelligent, autonomous fourth level systems.
Such trends make considerably more difficult and complex activities within the product
development process, requiring teamwork of experts from various fields and the application
of adequate methods and procedures for solving complex tasks and problems. This paper
will present the situation in this area as opportunities and challenges expected in the future.
Key words: Industry 4.0, smart products, product development, innovations.

1. INTRODUCTION
Thanks to the rapid progress of information communication technologies (ICT) in recent
years there have been major changes in the field of development, manufacture and
exploitation of industrial products. The Internet has a major impact on industrial products,
business processes and organization, so the term "Internet of Everything" has come to an
end. It includes the Internet of Data, People, Services and Things.
Internet Things (Internet of Things) is a new kind of communication between intelligent
devices. Practically, a parallel internet is created in which "things" communicate with each
other, exchange information, manage each other, react and influence the environment in
which they are without impacts of people.
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This trend has led to Industry 4.0, which offers enormous potential for improvement and
success not only for production but above all for product innovation. There is an efficient
engineering of a new generation of smart products and services as well as their marketing
using new business models. To succeed in exploiting this potential, industrial companies are
faced with a major transformation process or radical change, where they have to overcome
a multitude of challenges.
The focus of these changes is largely related to process models, methods, IT tools and
information models in the development of smart products and services. The product and
service development is the most important phase of the engineering, since in this phase the
greatest innovation potential lies and the characteristics of future products are determined.

2. SMART PRODUCTS
We are seeing incredibly fast changes that are the result of the extremely rapid development
of science and technology. They are recognized as the 4th Industrial Revolution. The first
indications of 4 industrial revolutions appeared in 2001, so that for 10 years some countries
formed working groups for defining national high technology strategies. For an adequate
understanding of the trends Industry 4.0 is a necessary review of earlier events in this area.
The review will be given primarily from the aspect of the product in certain periods.
It is estimated that the first industrial revolution began in 1784 using a steam‐powered
engine. So this period is characterized by switching from manual production to machine
production with the use of steam‐powered engines and water turbines (Fig.1). It was most
used in agriculture, shipbuilding, textile industry and mining and contributed to the term
“factory” became a little popular. So, key products are steam‐powered engines and water
turbines.
The beginnings of the second industrial revolution stem from 1850, but it is believed to have
been in the period between 1870 and 2014. The greatest momentum of the second
industrial revolution was gained by the beginning of the 20th century, primarily through the
use of electricity, which enabled serial and mass production in the industry. It is
characterized by significant innovations in chemistry, railroad development and mass
production of steel. So the key products here are electrical energy.
The third industrial revolution was dated between 1950 and 1970 and carries the name of
the information age. It is often referred to as the digital revolution because there have been
changes from analog and mechanical systems to digital. The third revolution was a direct
consequence of the great development of computers and information and communication
technology.
The fourth industrial revolution is achieved in correlation between the existing traditional
industries with Internet‐based innovations in the field of information communication
technologies (ICT). Innovations in these areas form the basis for "Internet of Everything"
(IoX), where Data, People, Services and Things are networked with each other and can
communicate with each other. IoX is the industry leader in Industry 4, whose core are smart
products and services [1]. Smart products were created as a result of several stages of
evolution through which conventional products have passed (Fig. 2).
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Figure 1.From Industry 1.0 to Industry 4.0 [2]
The basic structure of industrial products (BMS) is made up of mechanical components. In
further evolutionary development, this structure was supplemented with electronic
components and software, resulting in mechatronic products (MP). As a result of the
development of miniature microprocessors and further software development,
mechatronics products have been equipped with artificial intelligence, and intelligent
mechatronics products (IMP) have emerged [3]. In the next evolutionary step, products are
enhanced by the ability to communicate with other products and the Internet. These
products are called "Cyber‐Physical Systems" (CPS).
Smart products are "cyber‐physical systems" that are supplemented by intelligent, Internet‐
based services, so‐called smart services. With regard to their degree of complexity, smart
products can be individual products, networked product systems or very complex, cross‐
sector product systems, so‐called Systems of Systems.
Smart products combine both tangible and intangible components and can therefore be
understood as smart product service systems (PSS). The key features of smart products are
a high degree of (partial) autonomy, connectivity, personalization capability, and ease of use
and centering [1].

According to their degree of intelligence smart products can be classified in four consecutive
skill levels [6]:
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Smart products of the first level can monitor the condition of their operation as well
as their environment by means of appropriately installed sensors and external data
sources.
Smart products of the second level can be controlled remotely via the embedded
software or over the Internet platform, even outside the full self‐monitoring. The
products of this group also have a high degree of personalization.
For smart products of third level of capability, the combination of above capabilities
is enabled to continuously improve and optimize their work function, with the
possibility to predict of potential product failures.
The combination of all the mentioned abilities of the smart products leads to the
fourth, highest skill level. Smart products in this category are autonomous products
or systems with the ability to self‐diagnose, improve or maintain themselves. Smart
products of this group have a very high degree of personalization and can
independently cooperate with other smart products of this skill level.

Figure 2.Evolution of stages from machine products (BMS) to smart products (SP) [3]
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3. DEVELOPMENT OF INNOVATIVE SMART PRODUCTS
3.1 Design principles of smart products
According to the trends dictated by Industry 4 it is possible to identify the following principles
of development and design of smart products [7]:
1.

2.
3.

4.

5.

6.

Interoperability: Objects, machines and people need to be able to communicate
through the Internet of Things and the Internet of People. This is the most essential
principle that truly makes a smart products.
Virtualization: CPSs must be able to simulate and create a virtual copy of the real
world, i.e. they must be able to monitor objects in the environment.
Decentralization: Indicates the ability of CPSs to work independently. This should
enable greater fulfillment of customer requirements and a more flexible
environment for production.
Real‐Time Capability: The smart factory must be able to collect real‐time data, store
and analyze it for making relevant decisions according to new findings. This
contributes to the flexibility and the optimization of production.
Service‐Orientation: The production must be oriented towards the customer.
People and smart objects/ devices must be able to efficiently connect through the
Internet of Services to create products based on the customer’s specifications.
Modularity: Smart factories must be able to adapt quickly and smoothly to seasonal
changes and market trends. This can best be achieved by applying a modular
construction principle, where the modules form a functional and logical unit.
Module manufacturers follow modern trends, so with an adequate selection of
modules, they achieve multiple effects related to functionality, quality and
economy.

3.2Product development process
The products are not created in one, big step, but in a larger number of small steps, whose
content must be precisely defined. The resulting sequence of steps is called the "process",
while the set of all steps of this process is called the "process of product creation". Therefore,
it can be said that the process of product creation is a key process in the company, where
ideas and innovations are identified, which leads to quality, innovative and commercially
competitive products. In order to come from the idea to the finished product, it is necessary
to successfully carry out a number of steps. In this respect, the structure of the product
creation process plays a very important role.
During its life cycle, the product passes through different phases (Fig. 1). At the beginning of
the life cycle is the process of product creation. The basis of product creation consists of
methods and procedures, scientific research, innovations as well as the ideas and creativity
of development engineers. The development of the product itself must be carried out
systematically and in a clearly structured series of processes.
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The process of product creation takes place in 3 phases (Fig. 1):




Product planning;
Product development;
Product manufacturing.

In the product planning phase, intensive analysis of trends in technique and technology
development, market demands, customer requirements, and product placement
opportunities on the market are carried out. Data collection is continually and in real‐time
under constant analysis when making relevant decisions. This results in a precise definition
of the product profile or the requirements that must be met during product creation. During
the life cycle, products are constantly improving, enhancing and innovating. At this stage, it
is necessary to co‐ordinate the various expedition groups [8].

Figure 3.Phases of the product development process
3.3 Current product development model
Appropriate changes in technology, dictated by Industry 2 and Industrie 3, have defined
theoretically and practically verified procedures of the process of product design and
development. The greatest importance and the foreword had the guideline defined by the
association of German engineers VDI (VDI‐Richtlinie).
The guideline of VDI 2222 [9] issued in 1973 are primarily intended for the development of
technical products as well as for education in the field of construction. The aim was to create
design process of engineering on a scientific basis and to apply an adequate methods at
various stages of the design process.
Guideline of VDI 2222 in 1993 were replaced by VDI 2221 ‐ Methodology for developing and
constructing technical systems and products (VDI‐Richtlinie 2221, „Methodik zum
Entwickeln und Konstruieren technischer Systeme und Produkte“ [10]). The purpose of
these guideline is to provide a more efficient, methodical and systematic approach to the
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development of technical systems. They were designed for machine, precision mechanics
and process technology, and one of the main aspects is the integral data processing and CAD
application.
The VDI guideline 2206 appeared in 2006 and represents a practice‐oriented guideline for
the systematic development of mechatronic products [11]. The aim of this guideline is to
methodically support the interdisciplinary development of mechatronic systems.
There are 3 phases in this model:
1.
2.
3.

System design,
Domain‐specific design,
System integration.

1. System design
For the implementation of this phase it is necessary to have requirements, which is also the
basis for the evaluation of the future product. The system design begins by abstracting the
ideas described in the requirement list. Based on this, functional, effective and structural
structures are created and evaluated. The result is a cross‐disciplinary solution concept, also
referred to as a principle solution, which is the basis of the domain‐specific design. The
concept is a result of the joint work of experts and development engineers in the field of
machinery, electronics and information technology, mechanics, electronics and software
engineers.

Figure 4.V‐model according to VDI 2206
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2. Domain‐specific design
Based on the principle solution, the elements to be developed are distributed among the
respective disciplines. Here the established methods and specification techniques of the
different domains are to be used. In order to ensure the fulfilment of the product function
at this stage, appropriate calculations and dimensioning of the elements and components of
the system are performed.
3. System integration
At this stage, the integration of elements created in the individual disciplines, is done in
order to form a higher level entity (future product).
System integration can be done in three different ways:





Integration of distributed components: Components such as sensors and power
actuators are connected to one another via signal and energy flows with the aid of
communication systems, which of the energy flows via coupling and plug‐in
connectors.
Modular integration: The overall system is made up of modules of defined
functionality and standardized dimensions. The coupling takes place via unified
interfaces such as for DIN plug and socket connection, standardized integral.
Spatial integration: All components are spatially integrated and form a complex
functional unit, for example integration of all elements of a drive system (controller,
power actuator, motor, transfer element, operating element) into housing.

By compiling the appropriate models, the analysis and computational simulation of the
partial function fulfilment as well as the global function of the integrated system are
performed. Practical applications include physical, mathematical and numerical models.
Physical model is created from topological description. This representation is defined by
system ‐adapted variables such as for example masses and lengths in case of mechanical
systems or resistances and inductances in the case of electrical systems. Thus, the physical
model describes the system properties in a domain specific form
Mathematical model forms the basis of the system's behavioural description. The physical
properties of the physical model are formulated with the aid of mathematical descriptions.
Numerical model is then prepared in such a way that it can be algorithmically handled and
subjected to a computer aided process, for example simulation.
As a rule, the phases described above are run through iteratively several times until the final
end product is formed.
One of the key factors of successful V‐model application is to ensure system property. It is
therefore necessary that the concept of specific solutions and the fulfilment of the
foreseeable requirements be continually verified during the design process.
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3.4 Extension of the V‐model for application to smart products
For a long time in the scientific and professional community, there is discussion about
whether the V‐model can be applied to smart products or should go for a new model. For
now, the idea was that the V‐model should be expanded and thus adapted to apply for the
development and design of smart products. It is thought that research and supplementation
of the V‐model should be carried out in the following parts [1]:
•
•
•
•

Approaches to extending the service domain
Approaches for integrating agile methods into the V‐model
Integration of cooperative methods in the individual V‐model phases
Approaches to earlier property protection through rapid and virtual prototyping.

Smart product design is considered in the system design phase. The main focus in this part
is on expansion of requirements engineering for the development of smart products,
function definition and modelling as well as approaches to modelling the communication,
interaction and behavioural skills of smart products. In this respect, appropriate research is
needed in the field of methods, IT tools and information models.
The most important changes in the V‐model are related to part of the domain‐specific
design. This section should be extended with service design and implementation. The most
urgent research topic within the service domain is the simulation and validation of the
integrated service components in smart products supported by methods, IT tools and
information models. Priority was given to the need for research on IT tools for visualization
and interaction with smart services. Methods for the intuitive modelling of product‐related
smart services were also identified as priority research needs.
However, also the parts related to mechanics, electrics/electronics (E/E), software should
also be supplemented.
In the field of Mechanics design and implementation it is necessary to develop IT tools in the
field of approaches to the design of smart human‐product interaction, approaches to
integrating multi‐physics simulations into product modelling and design and also modelling
approaches for products made of smart materials.
In the field of Electrics/electronics design and implementation it is necessary to develop IT
tools in the field of approaches to virtual functional simulation and validation and also
context‐specific analysis and provision of usage data for existing product populations for
product optimization.
The most urgent research topic in the part of software design and implementation are
development of approaches for the design/implementation of the virtual twins. Concrete
starting points are the unambiguous definition and delimitation of the virtual twin compared
to activities with intersections. This includes, among other things, the determination of the
necessary models (for example geometry models and behavioural models), the definition of
interfaces (for example between digital island solutions) or the clarification of the task field
of virtual twins (for example simulation or reconfiguration tasks).
Part of System integration also needs adequate adaptations. Smart products are extremely
complex, making it difficult to prove safety and quality assurance. In this regard, there is an
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urgent need to develop methods for testing and certifying smart products. One needs
approaches that enable validation of smart products based on field data. The complexity of
validation increases with the complexity of the product, which makes it impossible for the
product developer to perform comprehensive validation without proper assistance systems.
Priority should be given to the development of approaches for cross‐discipline product
protection and also hybrid validation approaches of real and virtual product components.
4. CONCLUSION
The development of smart products and services is a remarkable activity because it
represents an important innovation and business potential of each country. According to the
projection for the implementation of Industry 4, it is central activity.
Existing models of product development and design cannot be directly applied to the
development of smart products, but they need to be expanded. For intelligent products,
essential components are services, and in this sense, the existing V‐model needs to be
expanded with service design and implementation.
The above analysis shows the necessary expansion of the V‐model and the following areas:
•
•
•
•
•

Development of comprehensive methods for smart products
System design of smart products
Domain‐specific design of components of smart products
System integration, verification, validation of components of smart products
Building IT infrastructures for smart products

One of the important activities is related to standardization in the field of engineering and
smart product development.
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SUMMARY
The basic message of the lecture is to support and encourage the innovative development
of mechanical structures, which together with electronic, software and mental function
executors represent the current direction of development of technical systems (TS). Actual
trend of TS development implies hybridization and increase the level of existing TS, but also
modernization and innovation of mechanical structures. New operating conditions require
new functions and new properties that can satisfy new mechanical structures. In the field of
gear trains, as example for presentation is chosen gearboxes and transmissions of unmanned
helicopters, which we are developing in EdePro company. Especially for consideration is
separated the reducer of a turbo‐shaft engine with a free turbine for traction of this
helicopter.
This motor‐gearbox performs its function in extremely difficult operating conditions. In the
first place, it is an extremely high rotational speed of 40,000 rpm, so that the peripheral
speed of the gear teeth reaches values up to 100 m/s, and the teeth mesh frequency is deep
in the supercritical frequency region. Another extremely disadvantageous condition is the
close distance between the gear unit and the exhaust gas flow zone, whose temperature
reaches 7000C. The power to be transmitted is in the range of 80‐160 kW, and can reach
200kW. Due to the need for high compactness and dynamic stability, a conceptual solution
with three parallel branches whose axes are fixed was applied. To further reduce the
dimensions and weight of this gearbox, several innovative solutions in structural details have
been applied.
Some of these solutions are as follows. Grinding of dual gears on parallel axes is only possible
if they are sufficiently spaced apart. This is in contradiction with the reduction of dimensions.
A structural and technological solution was made according to which these gears are joined
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after grinding so that they are jointed at a very close distance with identical teeth ratios for
each of the coupled pairs. A number of possible consequences of such a merger have also
been eliminated. Another innovative solution consists of a method of injecting oil into the
gear teeth connections in order to maintain the oil film between the teeth. Without the oil
film, the teeth scoring and high local temperatures occurred at extremely high speeds and
loads. This is followed by a combined system of insulation and cooling of the gearbox,
because in addition to the heat that develops inside the gearbox, intense heating also comes
from the hot gas stream.

Figure 1. Turboshaft motor‐reducer with test‐stend
The performance of developed motor‐reducer in extremely difficult operating conditions
should be checked by laboratory testing. The laboratory installation shown in Figure 1 was
developed for this purpose. The load is realized on the principle of power circulation. The
rotational speed varies continuously up to 6,000 rpm while in the interconnect of the
reducers tested is 40,000 rpm. Both tested gearboxes and both gearboxes for close the
power flow are cooled by four separated oil cooling systems. The load and rotation speed
are defined by the test installation. The vibrations of the tested gearboxes, the flow of oil
and the temperature in several places, especially the oil temperature at the outlet and at
the inlet of the tested gearbox, are measured. One of the important goals of this test is to
determine the thermal balance and thermal state of the gearbox under steady‐state of
operating conditions. To determine performance, the test process takes until stationary
operating and thermal conditions are achieved. In addition, testing is carried out to monitor
the failure process and the time resource until possible malfunctions. Load and failure
distribution in paralel branches of power transmission are wery important.
Acknowledgments. The development and testing of these gear units is realized in enterprise
EDePro ‐ Engine Design and Production ‐ Belgrade.
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The aim of this paper is to present VIBROT ‐ a complex software for diagnostics of rotary
machines that was developed in the Laboratory for mechanical constructions at the Faculty
of Mechanical Engineering in Podgorica. Graphical User Interface ‐ GUI of the software is
shown in Figure 1.

Figure 1. VBROT user graphical interface (VIBROT – GUI)
GUI software consists of two main panels:
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• The left panel labelled with Informations and properties ‐ also offers the possibility of a
simple analysis of vibrations in the time domain and
• The right panel marked with Signal analysis ‐ serves for more complex signal processing,
using selected analytical methods.
Panel Information and properties allow you to enter the desired *.mat file, the frequency of
discretization and other input parameters, and display the results of the analysis of the vibro
diagnostics by graphics in the time domain and various statistical parameters such as
kurtosis, crest factor, etc., and it provides simple vibro diagnostics analysis in the time
domain. The second panel marked by Signal analysis allows for a more complex vibro
diagnostics analysis, using more sophisticated analytical methods for signal processing. This
part contains several cards to calculate the characteristic frequency of roller and slide
bearings, gear and belt drives, as well as motors, pumps and fans. The input parameters of
this part are the values of the structural parameters of the mentioned circuits (engine speed,
number of teeth of the gear, number of balls in the roller bearing, etc.), and consequently,
the corresponding characteristic frequencies are displayed at the exit. This panel offers the
ability to filter signals using a variety of digital filters provided by the LabVIEW development
environment. For the purposes of this software, Butterworth's, Chebyshev's, Inverse
Chebyshev's, Elliptical and Bessel's low‐pass and high‐pass filters were used, as well as the
frequency transient and steady‐state filters. The Analysis type window inside the panel
offers the ability to apply one of the following methods for signal processing: Discrete and
Short‐term Fourier transform, Envelope analysis, Cepstrum analysis, Spectral Kurtosis, Time
synchronous signal averaging, etc.
To test the efficiency of the developed software, the analysis of the vibrations of real rolling
bearings has been done in which the presence of certain irregularities or damages has
already been undeniably determined. The bearings used in the test are artificially damaged
and then assembled for the needs of certain experiments in progress research. A rolling ball
bearing 6205 was used for testing. On one of the balls of the bearings the artificially made
damage of the elliptical shape is about 2.5x3.5 mm made by grinding. Time‐varying
measurement results are processed in the VIBROT software, using the envelope frequency
analysis and are shown in Figure 2. The obtained results indicate that using the developed
software it is possible to perform an efficient diagnostic of the condition of the roller
bearings.

Figure 2. Spectrum envelope signal.
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Continuous operation of gear transmissions running under mixed lubrication, generates a
high temperature rise within tooth contacts and heats up the gear surface, which can cause
surface failure, such as hot scoring, wear, surface pitting, micropitting and thermal cracking.
For these reasons the surface temperature holds the critical information about the gear
condition. Proper choice of gear geometry may reduce the friction and operating
temperature of the gear, preventing surface defects in order to increase its reliability.
Previous studies of the frictional heating of the gears are mainly in the field of numerical
modeling and experimental measurements. Developed numerical models were used to
investigate the influence of gear geometry and other influential parameters on the
distribution of operating temperature along the pressure line of meshed gears. The influence
of face width, outside diameter and pitch diameter presented by K.L.Wang and H.S.Cheng in
1981, as well as, influence of face width and module presented by H.Long et all in 2003 on
the distribution of operating temperature of the gear were investigated by these models.
The result of these investigations are insufficient for complete understanding of the gear
geometry influence to distribution of its operational temperature. Therefore, this
investigation deals with a sensitivity analysis of operating temperature to changes of spur
gear geometry over a range of applied load and rotational speed in order to achieve deeper
insight into influence of gear geometry to distribution of its operating temperature under
mixed lubrication conditions. Control volume finite element model presented by J.Jovanović
and R.Bulatović in 2017, using three‐noded triangular elements, has been employed to
investigate spur gear frictional heating over a range of gear dimensions.
Model boundary conditions are in accordance with proposal of H.Long et all from 2003. The
coefficient of friction in full film lubrication and boundary lubrication, as well as, the film
thickness are determined in accordance with proposal of J.O.Echavarri et all from 2016 and
2017. The heat flux on the contact area of the pinion and gear generated by frictional sliding
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are determined in accordance with the proposal of H.Long et all from 2003. Heat transfer
coefficient is determined in accordance with proposal of A.Dewinter and J.Blok from 1974.
Basic dimensions of investigated spur gear set are as follows: z1=15, z2=16 and face width
b=4.755 mm. Both gears are made of 665M17 (EN‐34) steel with the following basic
mechanical and thermal properties: modulus of elasticity E=185.42 GPa, Poisson’s ratio
=0.3, thermal conductivity =41.8 W/m∙K, thermal difusivity =1.077∙10‐5 m2/s , specific
heat c=493 J/kg∙K. This gear set is case‐hardened and ground to a surface finish of 1=2=0.6
m. Synthetic oil poly‐alfa‐olefine PAO‐6, with following properties at bath temperature
Tb=80oC, is used as lubricant in gearbox: l=0.83 kg/dm3 temperature‐viscosity coefficient
=0.033 K‐1, n=0.81, shear modulus G=0.1 MPa, thermal conductivity l=0.15 W/m∙K,
specific heat cl=2200 J/ kg∙K. Lubricant viscosity at ambient pressure and piezoviscous
coefficient: o=25 m∙Pa∙s and =11.5 GPa‐1 at T=40oC, o=12.57 m∙Pa∙s and =10.1 GPa‐1 at
T=60oC, o=7.36 m∙Pa∙s and =9.0 GPa‐1 at T=80oC, o=4.78 m∙Pa∙s and =8.2 GPa‐1 at
T=100oC.
In order to investigate an influence of gear geometry on the distribution of its operating
temeperature a serie of gear models is generated with variation of module, pressure angle
and coefficient of profile shift. Dimension ranges of interest for this research are m=(3÷8)
mm, p =(20÷28)o, x1=(‐0.4÷0.2). Geometries of the pinion tooth with different values of
module, pressure angle and coefficient of profile shift and corresponding triangular finite
element meshes are generated. Finite element mesh of each model involved not more than
1000 nodes. Some of determined CVFEM temperature distribution over the pinion tooth for
torque T=73 Nm and number of revolutions n=10000 rpm are illustrated in a following figure.

Figure 1. Distribution of pinion temperature
As shown in figure 1, increase of pressure angle from 20o to 28o influences on reduction of
gear maximum temperature up to 4%, increase of module from 3 mm to 8 mm significantly
influences on reduction of gear maximum temperature up to 42%, increase of coefficient of
profile shift from ‐0.2 to 0.2 significantly influences on reduction of gear maximum
temperature up to 14%.
The CVFEM models with different combinations of gear geometric dimensions are
established for evaluating the influences of gear geometry on tooth temperature variations.
According to this models the zone of highest operational temperature of gear is its meshing
flank. There are two temperature peaks along meshing flank one below and another above
the pitch circle. The maximum gear temperature for each investigated case is at the peak
below the pitch circle. Regarding gear dimensions, distribution of the gear tooth
temperature is quite sensitive to changes of its module and coefficient of profile shift and
insensitive to changes of its pressure angle.

29

9th International Scientific Conference
Research and Development of Mechanical
Elements and Systems
Kragujevac, Serbia, September5‐7 2019

EFFECTS OF STRUCTURAL OPTIMIZATION ON PRACTICAL ROOF TRUSS
CONSTRUCTION
Nenad Petrović1, Nenad Kostić1 Nenad Marjanović1,
Jelena Živković1, Ileana Ioana Cofaru2
1

University of Kragujevac, Faculty of Engineering, Sestre Janjić 6,
34000 Kragujevac, Serbia, npetrovic@kg.ac.rs
2
University “Lucian Blaga” of Sibiu, Department of Industrial Machines and Equipment,
Emil Cioran 4, Sibiu, Romania

Key words: truss, structural optimization, buckling, discrete variables, surface area.
In the search for more economical design solutions engineers today rely on optimization
processes to find concepts which might not otherwise be logical or would require numerous
iterations of analytical calculations. For practical applications complexity of the optimization
process is increased significantly with multiple aspects of the construction being optimized
and with every constraint which is added to avoid unusable solutions. The minimal weight
optimization is generally approached through optimizing either sizing, shape, topology, or
one of their combinations. The constraints used in this research are maximal allowed stress,
maximal allowed displacement and dynamic constraints for buckling.
In this paper a typical roof truss (Figure 1) for a 20m wide warehouse was optimized for
sizing, shape and their simultaneous combination in four separate topological layout cases
(Figures 1‐4). An original software was developed which also outputs calculated total outer
surface area of the optimal truss designs. As surface protections plays a big part in the overall
cost of constructing a roof truss, up to a quarter of the total cost in fact, this aspect of the
optimal design concepts is compared to show whether a minimal weight design provides
savings in other aspects of the construction as well.
The roof truss is loaded in the top nodes with point loads of F=17.652kN which represent a
maximal load from snow. For this example S235JRG2 steel is used with a Young modulus of
210 000MPa and a density of 7.85g/cm3. Constraints for the problem are a compression and
tension strass limit of 180MPa for all bars, a maximal allowed displacement of ±0.036m for
all nodes, and dynamic constraints for Euler buckling for all bars in every iteration. Moments
of inertia for the 40 possible profiles were taken from various vendor’s catalogues.
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Figure 1. Bar layout of topological case 1.

Figure 2. Bar layout of topological case 2.

Figure 3. Bar layout of topological case 3.

Figure 4. Bar layout of topological case 4.
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Figure 5 shows the differences in optimal weight for all four topological layout cases for both
sizing and sizing shape combination. Overall outer surface areas of optimal model’s bars are
shown in Figure 6 for all cases and optimization aspects.
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and optimization type.
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Figure 8. Difference in overall outer surface
area according to topological layout case and
optimization type.

It can be concluded that while the minimal weight design for trusses using a combined
approach of sizing, shape and topology optimization gives the best results in terms of weight,
it might not be the case when looking at the effects it has on other aspects of a construction
which contribute to the overall cost in a meaningful part.
Acknowledgments. This paper is a result of the TR32036 project, which is an investigation
of the Technological Development of the Republic of Serbia. The project is titled
“Development of software for solving the coupled multi‐physical problems”. We would like
to thank to the Ministry of Education, Science and Technological Development of the
Republic of Serbia for their financial support during this investigation.
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One of the main reasons for gear failure is bending fatigue, which occurs due to cyclic
stresses at the tooth root region. Bending fatigue can cause crack initiation which, in turn,
may propagate and result in catastrophic tooth breakage. Single tooth bending fatigue tests
are frequently employed to generate statistically significant fatigue data at relatively low
price. Hence, they are often employed as screening tests for bending fatigue behavior of
actual running gear pair. Since relatively small alteration of nominal tooth root stress values
can produce significant change in bending fatigue lives, it is important to adequately
consider the effect of friction and test fixture deformation when conducting single tooth
bending fatigue tests. In this paper, numerical investigation of tooth flank friction effect on
spur gear load capacity during single tooth bending fatigue test is carried out. Two different
test fixtures are considered.

Figure 1. First test fixture: (a) geometric model and (b) numerical model with boundary
conditions and loading point.
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Figure 2. Second test fixture: (a) geometric model and (b) numerical model with boundary
conditions and loading point.
Linear elastic finite element analysis is carried out to obtain nominal tooth root stresses. In
addition to various friction coefficients, the effect of rigidity of the test fixture has also been
considered. The results show that friction at gear tooth flank as well as fixture deformation
can affect nominal tooth root stress results.

Figure 3. Principal stress‐time history for the tooth root fillet and elastic behaviour of the
loading anvil.
The results were compared with the initial predictions of stress behavior for various friction
and rigidity conditions and were found to be in a good agreement. In this investigation, it
was found that friction can impact nominal tooth root stress results, which can influence
bending fatigue life of a gear. Since STBF tests are often used as screening tests for actual
bending fatigue behavior of the gear, friction coefficient should be determined before the
test and properly compensated for; or reduced to minimum for the most accurate results.
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In order to achieve a greater efficiency degree of electrical, mechanical or other assemblies
that work by consuming any form of energy, the frictional force that occurs between all
moving elements of the system should be minimized. Nowadays, a lot of standard sliding
and rolling pairs have been developed, which provide linear movement. Since manufacturers
of these elements do not prescribe coefficient of friction when moving movable rollers on a
fixed rail, it is often necessary to know the resistance to motion of these elements due to
the correct selection of the drive system, and therefore it is necessary to determine them.
In this paper, the resistance to motion of roller through the miniature profile guide 15 mm
in width and 10 mm in height was tested.
When two solid bodies are in contact, there is a frictional force between them. Thus we
distinguish two types of friction coefficient: the static friction coefficient ‐ represents the
friction that opposes the onset of relative motion and the kinetic coefficient of friction ‐ is a
friction that opposes the continuation of relative motion when motion has begun. The static
friction coefficient increases with increasing surface roughness parameters, while low
coefficient friction is associated with smooth surfaces.
In this paper authors will show an experiment of a single contact pair, rollers and miniature
profiled guides, where the values of friction and friction coefficient will be obtained.
The principle of coefficient of friction measurement over an inclined plane, figure 1, is based
on the use of a gravitational force. The static coefficient of friction, as is known, is the ratio
of the frictional force and the force perpendicular to the surface of the contact, where the
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equilibrium condition for inclined plane is given by the expression Fμ>m∙g∙sinα. For the limit
of sliding friction, equality applies:



F
N



m  g  sin 
 tg
m  g  cos 

Figure 1. Equilibrium condition of the body on an inclined plane
Experimental examination was carried out on a specially designed tribometer, figure 2, to
determine the static coefficient of friction according to an inclined plane principle. The
contact pair, in this case, the profiled guide and the roller turn to one side until the moment
of starting the roller move through the profiled guide. This is the moment when the driving
force has reached the value of the resistive frictional force. By measuring this angle, the
coefficient of friction of this contact pair is determined. Given the stochastic nature of the
friction coefficient, the measurement was repeated 200 times to obtain as realistic friction
coefficient as possible by statistical analysis of results. All the experimental results are
divided into 10 classes to form the Gaussian distribution, figure 3, and the angle, as realistic
as possible, at which the roller is moved by the profiled rail.

Figure 2. A device for testing the static
coefficient of friction of the roller on an
inclined plane

Figure 3. Gaussian distribution of
experimental results

By analysing the experimental results it can be seen that statistically observed the highest
probability that the angle value that makes the roller motion per profiled guide is 9° and that
probability is 27.5%. By knowing this angle and the mass of the roller it is possible to calculate
the frictional force of roller per profiled guide.

F  m  g  sin  0,059(kg)  9,81(m s2 )  sin9  0,0905(N)
From the equation above it is seen that the frictional force of this contact pair is small, but
it should certainly not be forgotten in the construction of the small power drive unit where
it can occupy a large relative part. To this end, the knowledge of all the parasitic forces that
must exist in any kind of movement is crucial to the proper design of the driving system.
Acknowledgments. This work was funded by the Ministry of Science and Technological
Development of Republic of Serbia, Grant TR‐35021, Title: Razvoj triboloških mikro/nano
dvokomponentnih i hibridnih samopodmazujućih kompozita.
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The article describes three types of gear teeth surfaces (Fig. 1‐3): smooth (Fig. 3 – envelope),
striped (Fig. 1 – with combs) and scaled (Fig. 2 – with pyramids and combs connecting the
pyramids). Scaled surfaces are generally composed of parallelogram (upper image in fig. 2)
or hexagonal (lower image in fig. 2) pits. Pit central points touch calculated tooth surface.

Figure 1. Stripped tooth
surface

Figure 2. Scaled teeth
surfaces

Figure 3. Envelope
and wraparound

Determining the heights difference – ΔH in fig. 3 – for particular machining types is
considered a quite challenging task. Typically to complete the task the envelope and points
on the intersection line of complex adjacent pits or stripes surfaces should be found. . The
paper uses kinematic method for determining surfaces and lines produced by generating
process. The method is different from all known in the classical theory of gearing methods.
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Method is based on «velocity of penetration» VN
(proposed by V.А. Shyshkov) and «acceleration of
penetration» aN (D.T. Babichev) conceptions. The paper
provides calculation formulae for determining VN and aN.
for generalized meshing (fig. 4).
The determination formulae of “Combs” height ΔH above
an envelope surface in case of one‐parametric generation:
H  0,125  a N  t 2
(1)
where aN – generating tool penetration acceleration,
calculated at a contact point of an instrument (its CTIS)
with machining surface; t – period of time between two
Figure 4. Generalized
moments of adjacent stripes cutting determined according
meshing
to one of the formulae:
2 
2 
2 
t 


(2)
 0  z 0  k X 1  z1  k X  0  z 0  k Z
where 0, 1 – angular tool and workpiece velocities respectively wherein acceleration of
penetration aN is calculated; z0, z1 – shaping cutter and workpiece teeth number respectively;
kX – number of shaping cutter or rack‐type tool strokes per one teeth machining; kZ –
involute gear cutter chip grooves number or toolheads cutters number.
Height ΔH in case of two‐parametric generation:
2
2
H MAX  0,125  (aNV  tV  aNS  tS )
(3)
where 𝑎 , 𝑎 , 𝑎 – generation and feed acceleration of penetration respectively.
Parameters ;∆𝑡 and ;∆𝑡 are determined according to the formulae:
60
60
(4)
; t S 
t V 
n
n0  z 0k
1  z0
where z0,z0k –number of cutters and cutter chip grooves respectively.
Pits can be parallelogram or hexagonal in shape. For hexagonal pits obtained by a two‐
motions (generating and feeding) gear machining method it was analytically determined and
computationally proven in [3] that: all the six vertices heights are equal and comprise 75‐
100% o f ∆
calculated according to the formula (1).
For all pit types the following formula for pyramids height ∆H – i.e., maximum faceting height
– determination was obtained:
k
K Z  1  HL  ( 2  k HL )
H  K Z  H MAX
(5)
1  kH
where ∆𝐻

is calculated according to the formula (1), and
a  tV2

k H  1  NV
;
k HL  k H  k L  (1  k L )
(6)
 2 a NS  tS2
Figures are given on how the shape of the pits and the height of the pyramids change with a
two‐parametric generation. Diagrams are given that show how the heights of the pyramids
depend on the parameters of tooth processing. After calculating pits and pyramids sizes and
shapes it was estimated how the macro‐roughness height ∆ can decrease depending on
generation parameters. The ratio of macro‐roughness height ∆ to maximum macro‐
roughness height ∆_MAX cannot be less than 0.75 which is the significant result of the
macro‐roughness height analytical research.
Conclusion: methodology for determining a height of macro‐roughness is developed and
described, which does not require determining the cutting surfaces themselves.
Acknowledgments. This work was supported by grant (project № 9.6355.2017/БЧ) of
government order of Ministry of education and science of Russia Federation for the period
2017–2019 in Tyumen Industrial University.
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The use of fiber‐reinforced composite laminates across a variety of industrial fields is
becoming increasingly common due to their weight saving potential with respect to
conventional metallic materials. When curved composite laminates are subjected to
outward bending by unfolding, due to the combined effects of bending, axial and shear
forces acting in plane of curvature the inner layers experience tension generating
circumferential tensile stresses, whereas the outer layers undergo circumferential
compression stresses. Otherwise, folding by inward bending generate compression of inner
layers while tensile the outers. In addition, the radial stresses developed due to the internal
bending moment tend to separate the interfaces while the shear stresses caused by the out‐
of‐plane force components tend to shear apart the layers.
For design purposes, an efficient procedure to accurately predict the stress state across the
thickness of a specific composite laminate requires the calculation of interlaminar through‐
the‐thickness stresses as well as the shear stress components at the interfaces. These so‐
called out‐of‐plane stresses are the key parameters in failure analysis of curved composite
laminates, particularly when their radius of curvature approaches the stacking thickness.
Based on the finite element analysis results obtained through the use of conventional
layered shell elements, the aim of this paper is to propose a simplified post processing
approach that enable to predict the interlaminar stress components originated across the
thickness of symmetrically balanced curved composite laminates, under the combined
action of axial forces, shear forces and bending moments applied in curvature plane. A
benchmark analysis to provide a critical comparison between a reference model constructed
based on 3‐D layered solid elements and a simplified model build‐up by 2‐D layered shell
elements is considered.
A detail view of curvature area for the layered shell finite element model is presented in
Figure 1. In this regard it has to be mention that both for the simplified model as well as for
the reference model, the loading is virtually represented by two unit forces (F1 = ‐1kN; F2 =
1kN) and a unit couple (M3 = 1kNm), applied on the free side of the angle in the curvature
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plane, with respect to the global reference coordinate system. As shown in Figure 1, the
clamped boundary conditions at the bolt holes as well as the unit loads are applied by means
of RBE2 elements.

Figure 1. The simplified FE model of layered shell elements
The force and moment fluxes were extracted at both ends of the curved region. The local
coordinate systems are defined for both angle sides so that their positive directions
determine opening the angle. Figure 2 shows the selection of elements and the orientations
of the local coordinate systems used for extraction of fluxes at the beginning and the end of
curvature region.

Figure 2. The elements selection and the local coordinate systems
The proposed simplified approach is based on a two dimensional analysis of the composite
laminate angle, and it is assumed that the properties, the boundary conditions as well as the
applied loads are constant along the width. The base assumption of this approach is that the
solution of the elastic problem is constant in the transversal direction. Plane strain
assumption is generally valid for wide composite laminate angles, when the transversal
length is large compared with the other dimensions.
The comparative critical analysis of the finite element results obtained by means of using
layered solid elements with respect to the results computed based on processing the shell
forces and shell moments extracted at the baseline of curvature region, show that the
proposed simplified approach provides conservative results.
Further extension is required to account for in‐plane circumferential tensile/compression
stresses and the use of an appropriate failure criterion.
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This paper presents an approach to facilitating the design of cutting teeth for bucket chain
excavators. The approach combines the theoretical load model and the laboratory
determination of the static load capacity of the bucket tooth. Designing cutting teeth for
bucket chain excavators involves making decisions based on incomplete data, since
assumptions regarding the characteristics of rock materials, the unpredictability of the
digging process, the imperfection of the cutting tooth material, etc. are unsuitable in terms
of measurement, qualification and documentation. With respect to this uncertainty, the
designer must use an idealised computational model with clear boundary conditions
describing the process of rock breakage by cutting teeth. The key to success in the light of
these three seemingly uncontrolled circumstances is to use scientific uncertainty
qualification. This means that the basic settings of digging‐related problems and
understanding of the necessary assumptions, along with a proper stress analysis of the
bucket teeth for different load and boundary conditions, can facilitate making fundamental
engineering decisions based on incomplete data.
This paper presents the Evans two‐dimensional model for performing bucket tooth load
calculations. The Evans model is a simple model of rock breakage i.e. cutting element
loading. This model can be used in bucket chain excavators for the simple calculation of
external loads acting on the cutting teeth during the digging operation. The main idea is to
use this model for performing load calculations for different operating conditions of the
excavator in order to obtain starting data to be used in preliminary calculations for cutting
tooth design. For calculation of the cutting force Fc (horizontal component) and the
penetration force Fp (vertical component) we used following equations:

Fc  FRH  2   z  h 

sin   E   

1  sin   E   
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In addition to these data, the design process would also employ data obtained from the
laboratory testing of the maximum static load capacity of existing cutting teeth. Laboratory
test data would also be used for the verification of the computational model and
implementation of the finite element method. The established model for the maximum
loading of existing cutting teeth would be used for the analysis of future similar designs as
well as for the optimisation of new cutting tooth designs. In following Figure 1., are given
the main model of loads of the cutting teeth (Evans model), and virtual and laboratory model
for analysis of maximum static load capacity.

Figure 1. Evans model of load of the cutting teeth ‐ approximation of cutting by a tooth on
excavators; Virtual prototype; Laboratory testing for maximum bucket tooth load and
The advantage of the approach presented in this paper is that it reduces the time required
to develop and test the cutting teeth of bucket chain excavators. This is of particular
importance given the need for uniform optimised cutting tooth designs. Virtual prototyping
allows the fabrication of a physical prototype at the very end of the process i.e. after the
correction of most of the errors and after optimisation of the cutting tooth design. The
simplified mechanical model provides a rough approximation to the excavating process,
while substantially departing from the inclusion of all impact factors associated with the total
load value. In particular, load values obtained by direct measurement (e.g. using strain
gauges) on the cutting tooth during the excavation operation contribute to the design of
more appropriate, more accurate simulation models. However, in general, there is no
comprehensive solution to the problem due to a range of non‐measurable effects (such as
determination of the exact load direction, number of surfaces on cutting teeth across which
loads are transferred, characteristics of the scooped rock material, dynamic effects etc.). The
design of cutting teeth for bucket chain excavators is mostly based on empirical knowledge.
Therefore, the authors believe that, towards a systemic approach to cutting teeth
engineering, the approach presented in this paper is the optimal solution among all possible
solutions entailing either simplification of the load defining process or inclusion of as many
parameters affecting bucket tooth load as possible.
Acknowledgments. The project Ref. No. TR35037: “Development of a new bucket design for
continuous excavators with the aim of integrating modular cutting elements” is financially
supported by the Ministry of Science of the Republic of Serbia. The authors would like to
acknowledge this contribution.
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A manhole hatch is mounted on a storage tank. There are several tanks of the same
dimensions (20 [m] high and radius 10,2 [m]), but they have different thicknesses of the wall
(9,6; 15; 20 and 25 [mm]). For inspection purposes, assembly of manhole hatch on all tanks
is required. All tanks are filled with the water to the top (20 [m] high).
This article will prove that construction is done in such a way which guarantees that
stresses in the material are below max. allowable value according to standard. EN‐13445 is
used for evaluation of the design and EN‐10028 Error! Reference source not found.is used
to retrieve material properties. Loads acting on the system are: hydrostatic pressure (0‐2
[bar]), temperature (50 [°C]) and preload force (40 [kN/per bolt]). To get the right
boundary conditions (for the sub‐model) a shell model has been made on the whole tank
and then hydrostatic pressure is applied. Pressure had 0 value at the top of the tank and 2
bar at the bottom of the tank (Figure 1). From this model, boundary conditions are taken
and applied to a sub‐mode (Figure 2).

Figure 1. Boundary condition shell model

Figure 2. Boundary condition sub‐model
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Several different analyses have been carried out in order to finally qualify construction
according to EN‐13445 norm. In the first analysis, inner pressure 2 [bar] (0 bar at the top
and 2 bar at the bottom of the tank) is applied to the shell model (whole tank) and then
from the result retrieve boundary conditions to sub‐model. As the next step, elastic
analysis is performed with the sub‐model that gave too high stresses in materials. The next
step is a plastic analysis, where according to standard, plastic strain shouldn’t exceed 5% if
the design is approved. An analysis has been made with preloaded bolts to ensure that we
don’t get high stresses in the manhole hatch or bolts.

Figure 3. Equivalent (von‐Mises) Stress.

Figure 4. Equivalent (von‐Mises) Stress.

Figure 5. Equivalent Plastic Strain.

Figure 6. Equivalent Plastic Strain.

Elastic analysis shows that the stresses in the material is too high and design hasn’t been
approved. After the plastic analysis the design could be approved with restriction on preload
force in the bolts 40 [kN]. Various analysis have been made with higher preload force but
the stresses shows to be too high. The similar analyses have been made taking into
consideration varying thicknesses of the wall. The results show that the greater thickness
the smaller the deformations and the stresses.
Acknowledgments section immediately following the last numbered section of the paper.
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The accurate values of the initial velocity of bullets are significant for the quality and
precision of small arms. The application of the simple measurement methods, during the
tests of the weapon and ammunition, enables the determination of the velocity values from
the group of shoots. The accuracy of bullet trajectory, appropriate trajectory correction
parameters and terminal ballistics parameters are depended of the quality of initial
conditions as initial velocity. The ballistic pendulum, as simple and old‐design device,
enhanced with optoelectronic encoder sensor and computer acquisition system, can be one
of the good start‐up device platform for measurement of velocity and observation of the
terminal ballistics effects. The function principle of the considered device is based on the
energy conservation. Initial data are mass of bullet, mass and dimension of pendulum, and
result is velocity, according to the values of time and angle of pendulum. The output signals
of measured angle in time are captured, and as required values for calculation the velocity
on the microprocessor platform, for each shoot in the test group. The microprocessor
platform saves measured and calculated values in memory and generates statistic report of
results. The presented method can improve weapon and ammunition tests, by decreasing
the time of measurement acquisition and increasing the quality and speed of results without
errors. The method and system is simple and low‐cost, and enables the design of small arms
ammunition database of testing results.
There are two ways for the calculation of the velocity of the bullet. The first method
(approximate method) assumes that the pendulum and bullet together act as a point mass
located at their combined center of mass. This method does not take rotational inertia into
account. It is somewhat quicker and easier than the second method, but not as accurate.
The second method (exact method) uses the actual rotational inertia of the pendulum in the
calculations. The equations are slightly more complicated, and it is necessary to take more
data in order to find the moment of inertia of the pendulum, but the results obtained are
generally better. The projectile velocity calculation is more accurate using the exact method,
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but the difference is minimal (less than 2 %). In this case, the approximate method was used
for simpler calculation.

Figure 1. The motion of pendulum
Conceptual design for model is presented in the Figure 2. The system consists of the
pendulum, the encoder and microprocessor platforms connected to the computer. The
encoder registers the angle of movement after the collision of the projectile and the
pendulum. The mass of pendulum and bullet are known in advance. The microprocessor
calculate the output signal of the encoder with the corresponding mathematical model.

Figure 2. Principal scheme of system
For this system is used Arduino Uno microprocessor board platform with USB interface. The
software is designed to record velocities of each single shoot, then process the statistical
parameters of the shooting group (10 to 100 shoots). The calculation outputs are the mean
of projectiles velocity, maximum and minimum velocity value, standard deviation and mean
square deviation as statistical parameters. The software solution was made in the open
Arduino code.
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Small problem in process oriented complex production system, as sliding bearing failure, can
often cause long deadlocks during plant working, which results to huge financial costs in
company business. Plain or sliding bearings are lubricated by the formation of a
hydrodynamic film of lubricant, where the wedge formed lifts the shaft or journal off the
bearing. Basic causes that cause damage and failure of sliding bearings include many aspects
of construction, material selection, materials mistakes, production and processing,
assembly, control, testing, storage, transportation, maintenance, unforeseen exposure to
overload, direct mechanical or chemical damage during operation. Often, multiple causers
contribute to the sliding bearing failure. Failures and damages caused by said groups of
causers are manifested, most often, as wear, breakage and plastic deformation of the
material.
Problems that occur in sliding bearings lead to high levels of vibration and noise. These
problems mainly arise as a result of an inadequate gap in the bearing (oil gap) or the
appearance of oil instability. An excessive gap in the bearing results in looseness and
irregular lubrication. A sliding bearing with excessive grip, which is mainly caused by the
wearing of white metal, causes a relatively small imbalance, a disturbance of centricity or
the appearance of some other disturbing force that will cause mechanical looseness, Figure
1.
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Figure 1. Spectral view when there is an excessive gap in the sliding bearing
Oil instability is manifested in the appearance of oil vortex and oil whip. The oil vortex occurs
as a result of the orbital motion of the rotor and occurs at a frequency that is proportional
to the rotation frequency and amounts usually 0.4 to 0.5 from the main frequency, Figure 2.

Figure 2. Spectral display due to oil instability
In machines that operate above the first critical speed, the oil vortex usually passes into an
oil whip which frequency is equal to the frequency in the formation of the same.
In order to reliably determine the condition and prediction of sliding bearing failure, it is
necessary to observe and analyze simultaneously several parameters of the condition. One
such method is based on the fuzzy logic and enables the diagnostics of the state of the
element and determining the urgency of the need for intervention on the machine element.
Thus, by applying the disjunctive probabilistic fuzzy operator, a vibration‐thermal indicator
of malfunction of the sliding bearings (defect factor DFJB) can be defined which contains
information about both the temperature and the vibration of the bearing defined as:
DFJB  (x(q)  w  v )  x(q)  w  v 

By applying the defined vibration‐thermal indicator of the defects of sliding bearings (factors
of malfunction), the procedure for diagnosing sliding bearings is considerably simplified,
because the two most important technical indicators (temperature, vibrations) are
integrated intelligently into a single technical indicator of malfunction. This is particularly
important when it comes to complex systems with a large number of measurement points
where there is often an overload of operators. Vibration‐thermal malfunction indicator (fault
factor) DFJB contains processed temperature information and bearing vibration, but in some
applications, other than temperature and vibration, other parameters such as, for example,
the thickness of the oil bearing film or the strength of the ultrasonic bearing, etc., which in
some cases would increase the level of reliability of the method shown for the prediction of
the sliding bearing failure.
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The design of linkages is a complex process that aims at establishing an optimal functional
constructive solution that fulfils the conditions imposed by the task to be accomplished.
Many times in such a process it starts from a certain structural configuration of the linkage
and the dimensions of the component elements are determined by solving a problem of
estimating the extreme values of a function that expresses certain characteristic parameters.
From a mathematical point of view, this implies calculating the minimum or maximum value
of this function in the presence of certain constraints expressing the conditions imposed by
the functioning of the mechanism. In the paper is presented the way of determining the
dimensions of the elements of a planar linkage (figure 1), when imposing certain conditions
regarding the movement of the component piston 7, aiming at obtaining a mechanism
whose total mass is minimal. The mechanism consists of three independent contours: 0‐1‐
2‐3‐0, 0‐1‐2‐4‐5‐0 and 0‐5‐6‐7‐0. The kinematics of the mechanism has been studied by
projecting the vector circuits corresponding to the independent contours on the axes of the
(Oxy) coordinate system. Using Maple programming environment a computer program that
simulates the kinematics of the analyzed mechanism has been developed. The initial
dimensions of the component elements have the following values: OA=0.15m; AB=1.05m;
CD=0.5m; DF=0.5m; FG=0.8m; AC=f2ꞏAB, where f2=0.2 and DE=f51ꞏDF, where f51=0.5. The
coordinates of point E are: xE=0.55m and yE=0.35m and the y coordinate of point G is
yG=0.5m. The angular speed of the driving crank 1 is considered to have the value of 15 rad/s.
The elements 1, 2, 4, 5 and 6 (figure 1) are made of steel bars with circular section having
the following radii: r1=0.04m; r2=0.025m; r4=0.04m; r5=0.03m and r6=0.025m. The mass of
the piston 3 is 5kg and the mass of the piston 7 is also 5kg. We analyzed several cases in
which it has been imposed the value of the stroke of the piston 7 and the values of the crank
angle φ1 for which the speed of the piston 7 is null, provided the total mass of the mechanism
be minimal. In the paper have been presented some simulation results in the case when it
was sought to determine the lengths of the bar‐shaped components such that the piston 7
have zero velocity for the positions of the mechanism corresponding to the crank angle
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φ1=30° and φ1=230° and its stroke be equal to 0.3 m, provided that the total mass of the
linkage be minimal.

Figure 1. Planar mechanism
In this scope has been used the NLPSolve function included in the Optimization Package of
Maple. The NLPSolve function solves problems involving the minimization or maximization
of a continuous real nonlinear objective function possibly subject to constraints. The
NLPSolve command uses various methods implemented in a built‐in library and the solvers
are iterative in nature and require an initial point. In this case, the Sequential Quadratic
Programming method has been used and the iterative calculus has been started with the
initial values of the lengths of the component elements. The NLPSolve function interrupts
the calculation when one of the constraints is not fulfilled or complex numbers appear during
the calculations. When solution of the problem is not identified after the calculations, a
message appears specifying that no improved point could be found. To avoid the occurrence
of complex numbers during computations, the variation of the lengths of the component
elements, less the length of the element 4, was considered to be between 0.98 and 1.04 of
the values corresponding to the previous step of the iterative process. For the length of the
element 4 it was considered that its value may vary between 0.98 and 1.3 of the value
corresponding to the previous step. After five iterations the program displayed the message
that no improved point could be found. The values obtained for the lengths of the
component elements are: OA=0.138m; AB=0.968m; CD=0.595m; DF=0.461m; FG=0.738m;
AC=f2ꞏAB, where f2=0.228 and DE=f51ꞏDF, where f51=0.475. For the coordinates of point E
have been obtained the following values: xE=0.511m and yE=0.346m and for the y coordinate
of point G has been obtained the value: yG=0.463m. The total mass of the mechanism is
75.568 kg.
Obviously, the way of realizing the synthesis of the analyzed linkage can be used in the case
of any other planar linkage with different configuration. However, particular attention must
be paid to choosing the intervals of variation of the values of the lengths of the component
elements, as well as to the choice of the initial values of these lengths on each iteration.
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It is known a fact that the humidity of the earth mass (w) expressed in % is one of the most
influential factors from which depends its transportation and sieving through the grille
(sieve) of oscillatory platform. The best working effects are achieved during operation with
dry and soft earth mass without the presence of solid pieces, because this mass will be
sieving completely. However, the experience acquired from the exploitation has shown that
problems in the work of oscillatory platforms appear after heavy rains, ie when the soil
moisture (w) is greatly increased. Then the effect of transportation and sieving is the
weakest, due to sticking moist earth for grille of the platform. In some extreme cases,
occurred a complete disabling work of the platform. Therefore, the authors of this paper
performed a complex theoretical and practical research and modeling in order to test how
the platform works in extremely difficult working conditions after abundant and prolonged
rains.

Figure 1. Stylized scheme of oscillatory transporting platform (1‐platform; 2‐suspension;
3‐excenter; 4‐driving lever; , , ‐influential angles of the platform; А, B, C, D‐supporting
points of the platform)
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The paper presents the results of testing the stability and manageableness of the oscillatory
transporting platform during the sieving of wet earth mass. All relevant results were
obtained on the basis of a dynamic analysis of the mentioned processes, based on the
mathematical model which is given by following equation:

TV

dy(t)
 (1 K ) y(t)  KP  x(t  )
dt

The individual sizes in previous equation have the following meanings:
TV – temporal (inertial) constant of the system E‐P‐WP (environment‐platform‐working
parameters);
KP – coefficient (factor) amplification of the system E‐P‐WP;
K =0...1– coefficient of delay depending on the delay time ;
 – time delay of the output‐response signal of the system E‐P‐WP with respect to the
input‐excitation signal.
The transmissional function of the system E‐P‐WP has the following form:

G( p) 

KP
e p
TV  p  1  K

е ‐  р – delay operator the output signal relative to the input signal (due to the sticking of wet
earth mass for grid platforms).

Figure 2. The response of oscillatory transporting platform during the sieving of wet earth
mass due to disorder that is caused by jumping causal function (tpp ‐ length of the
transition process; top ‐ response time of the platform)
Based on the performed dynamic analysis of the E‐P‐WP system, the authors of the paper
concluded that the system under study is always a STABLE SYSTEM, and also a system with
SATISFACTORY MANAGEABLENESS, provided it exists sufficient RESERVE OF STABILITY (RS) of
oscillatory transporting platform during the sieving of wet earth mass:

RS 

(1  K ) 2  TV2  02
KP  e

 1 K 

 TV





If a greater the reserve of stability of platform RS, insofar there is less possibility that during
resonance and at frequencies that are close to the resonant ( 0) that may occur to
disruption of the process of separation and sieving of wet earth mass.
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Supersonic ejectors are used in a wide range of applications such as compression of
refrigerants in cooling systems, pumping of volatile fluids, or vacuum generation. The
objective of the present paper is to simulate, in an OpenFOAM environment with an open
access implicit density‐based solver, the physics of supersonic vacuum ejector, and to
compare the results with experimental measurements. For a supersonic compressible flow,
density based models are the favorite because of its capacity of capture discontinuities
created by the shock waves. Other authors have developed before an implicit solver for the
OpenFOAM toolbox, yet the solver HiSA has been used in the present work.
For the sake of simplicity a 2D axisymmetric mesh made by hexahedral cells has been
created. Steady solutions have been obtained, with prescribed total pressure in primary and
secondary inlets. Experimental results have been obtained with flow rate measured with
Flange orifice according to ISO 5167. Vacuum levels have been measured with a vacuum
sensor and they are done by means of a butterfly valve placed in the entrance of the Vessel.
Figure 1 shows that the agreement is good between the experimental results and the
simulation ones, although simulation tends to slightly overestimate flow rate for large values
of vacuum level. Figure 1 shows the numerical simulations overestimate the flow rate, about
10%, at the same vacuum pressure for small vacuum level of Ps = 0,28 up to Ps = 1(large
values of pressure in vacuum level) while underestimate the flow rate, about less than 5%,
in the low values of vacuum pressure, at Ps =0,21 up to Ps = 0,2.
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Figure 1: Experimental results vs HiSA results
Experimentally the secondary flow is zero at Ps=0,2 whereas the numerical simulation shows
secondary flow at Ps=0,217 as shown in the Figure 2. Two regimes are encountered. In super
critic regime the secondary is chocked and sonic flow is reached in the second nozzle, as
shown in the Figure 2. In sub critic regime, the secondary flow is subsonic.

Figure 2. Ption of the figure 1
Acknowledgments. Support of Industrial Doctorate (2018 DI 025) from Generalitat de
Catalunya is acknowledged.
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Explosion of process equipment is one of the most common causes of chemical accidents.
Every rapid pressure build up in a confined space (thus a tank) causes an explosion. The root
causes of rapid pressure increase within the process equipment can be due to evaporation
of the liquid (BLEVE), overpressure (ME), combustion of gases, vapors and dust (CE) and
uncontrolled chemical reactions (RR). Explosion of pressurized vessels is accompanied by the
effects of fragmentation, blast wave and thermal radiation. The fragmentation effect is
much more pronounced than the blast effect and thermal radiation (fireballs) and can
manifest at distances over 1.2 km. The tank reliability assessment procedure is presented
through a case study of the cylindrical storage tank for liquid petroleum gas (Fig. 1). The
maximum stress of the tank with an ellipsoidal end cap is in cross‐section B‐B. The position
of this cross‐section is defined with x measured from the beginning of the cylinder (x = π/4λ
= 82 mm). The operating pressure inside the storage tank of the LPG is from 16.4 to 16.9 bar
(average 16.7 bar). Equivalent tank stress in accordance with the FEM model (ANSYS 15) is
150.2 MPa. This stress according to EN 13445‐3 is 154.2 MPa. The equivalent stress
according to shell theory is 163.7 MPa. The maximum deviation does not exceed 9%.

Figure 1. Dimensions and constructural type of tank with static structural analysis
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The assessment of fracture lines and fragmentation patterns was performed on the basis of
structural analysis and Monte Carlo simulation. The most likely fragmentation patterns due
to the BLEVE effect are shown in Table 1. The mass of the empty tank is 12,300 kg.
Table 1. Characteristic forms of fragments due to tank explosion
One fragment
Mass: 1350 kg
Probability: 9.10%

Two fragment
Mass: 820 kg and 480 kg
Mass: 1590 kg and 2050 kg
Probability: 17.04%
Probability: 14.85%

Mass: 2050 kg
Probability: 10.00%

Mass: 205 kg and 2050 kg
Probability: 17.06%

Mass: 1365 kg and 3545 kg
Probability: 13.00%

Assessment of tank reliability includes qualitative and quantitative analysis using Fault Tree
Analysis – FTA. Maximum reliability values are achieved when the tank is not exposed to fire.
The failure tree and the limit values of the tank reliability are given in Table 2. The minimum
fragmentation probability corresponds to the thermal influence due to the BLEVE effect (the
temperature of the tank wall is about 5000C). Accident scenarios Sc1 and Sc2 include a
fracture of the tank in at least two segments S1 and S2/S3. Accident scenarios Sc3, Sc4 and
Sc5 include a fracture only in one of the segments S1, S2 and S3. The probability of tank
failure is defined by T = P(Sc1) +...+ P(Sc5).
Table 2. Reliability of the tank relative to number of fragments
Fault of the tank

Reliability
[%]
Max
Min

1
57.10
56.69

Number of fragments
3
4
5
2
69.87 87.96 96.70 99.78
68.88 87.81 96.68 99.33

≥6
99.87

The reliability assessment was carried out according to real exploitation conditions. A
qualitative assessment of reliability can be made on the basis of available accidents. It was
concluded that the thermal influence adversely affects the reliability of the tank. A larger
number of generated fragments is a reflection of higher tank reliability. Preventive of the
BLEVE effect implies the simultaneous increase in the reliability of the tank.
Acknowledgments. This work was funded by the Ministry of Education and Science of the
Republic of Serbia under the project TR 36030.
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Today, more than ever, design engineers are challenged to simplify designs in order to
reduce cost and weight. In many applications, a four point contact ball bearing saves space,
because it can be seen as the combination of two single row angular contact ball bearings
into one. Ball bearings with two contact point are suitable for high and very high speeds
under radial and axial loads in both directions. Other hand, a four point contact ball bearing
can stand under combination of moment loads, axial loads in both directions, in combination
with radial loads up to a certain level, and provides a very tight axial shaft position tolerance.
This paper presents compared analysis of ball bearings with two and four contact points
from the standpoint of static behavior and their life, as well as load capacity. The modelling
of static behavior of ball bearing consists of ﬁnite element (FE) model to describe the
deformation and stress of the rings and balls. The loads used in this analysis are chosen in
order that the maximum contact stress at the raceway remains 4200 MP according to EN ISO
76:2006. The maximum load capacity of the ball bearing has obtained when the most loaded
ball reaches this stress value. The results show that the four points contact ball bearing have
higher load capacity and less stress on the raceways
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Figure 1 The mathematical model of the
considered ball bearing with two contact
point bearing LSFR 308

Figure 2 The mathematical model of the
considered bearing with four contact point
ball bearing LSQFR 308

The output results from ball bearing analysis as raceways deformation, contact loads, and
stress are considered for each angular position of the ball. The ball bearings behavior
simulations were done by the numerical method, whereby the displacement and the stress
state of the assemblies were determined. The axial load is Fa = 7500 [N] which affects on the
ball bearing, it is taken from the exploitation conditions, radial load due to the mass of the
roller is Fr = 4630 [N], the load is displaced from the ball bearing axis for the size of the radial
gap (clearance) in order to simulate noncoaxial ball bearing mounted on the roller. The
torque M = 40 [Nm] comes also from exploitation condition.
Table 1. Load capacity and life, depending on ball bearing type
Ball bearing type
LSFR308
LSQFR308

Dynamic capacity (KN)
47.3
59.2

Static capacity (KN)
38
48.7

Bearing life (h)
12456
14576

Through the analysis of the considered ball bearings can be concluded that the LSQFR 308
has about 38 % less equivalent stress on the inner ring and about 32% on the outer ring. Also
can be concluded that mentioned ball bearing has a more accurate stress distribution along
the raceways. On the housing, the maximal equivalent stresses are the same for the both
ball bearing variations. Basis on the previous assertion can be said that the LSQFR 308 will
have about 25% longer lifetime than the LSFR 308.
Acknowledgments. In this paper some results of the project: ″Contemporary approaches to
the development of special solutions related to bearing supports in mechanical engineering
and medical prosthetics″ – ТR 35025, carried out by the Faculty of Technical Sciences,
University of Novi Sad, Serbia, are presented. The project is supported by Ministry of the
education and science of the Republic of Serbia
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The well‐known fact about large diameter slewing bearing is that they are primary designed
for applications where large amount of axial load is transferred through thin‐walled rolling
rings to rolling elements. Research about the radial stiffness of the radial bearing was
realized by Mullick and it was also based on John Harris’s finite element method. For solving
a nonlinear equation, the Newton Raphson’s method has been used. For basic calculations
of contact pressure, the Hertzian equations was used.

Figure 1. Parametric model with relations.
The main task of this paper is to select concrete type of bearing then create virtual 3D model
parameterize it and then to modify this model by several parameters direct from the
environment of Ansys workbench calculation program while the model is under the load.
Methodology of solving this task includes selection of critical parameters for creation of the
parametric bearing model. In this case we introduce two main parameters like ball diameter
and contact angle. There are also minor parameters like bearing pitch diameter which has
significant influence on the amount of used rolling elements. If we change number of rolling
elements directly from Ansys then after we update model and value of elements will be
increased, we lost defined boundary conditions of bearing. So we keep the same value of
pitch diameter during all measurements.
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Figure 2. Mesh (left) and boundary conditions of the model (right).
A methodology based on finite element method has been developed to calculate accurately
the value of ball forces around slewing bearing and its deformation.
This methodology can use the non‐linear springs to simulate contact. It is necessary to use
this method when stiffness of support structure is not uniform. In the end we need some
calculations like calculation of semi‐axis, contact pressures, and the depth at which the
maximum tension is applied. If we have all of this we can move forward and based on many
calculations of the deformations performed in the Ansys we can compare influence of ball
diameter and contact angle. Based on analysis graphs were constructed.
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Figure 3. Graph of dependency between contact pressure and force.
Acknowledgments. This study was supported by Ministry of Education, Science, Research
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Task definition. Earlier, we proposed a method a kinematic method of envelope points
estimation when the wraparound points are known. The method is based on the usage of
terms “indention velocity and acceleration”,
and as shown in Figure 1, it lets reduce the
value of the calculated points deflection
from theoretical envelope by 1 to 3 orders
of magnitude.
The kinematic method does not take
account of higher order derivatives. It shall
be noted that also earlier it was proposed to
use high derivatives for analysis and
synthesis of engagements. In such a way G.I.
Figure 1.
Types of surfaces: Σ1 –
Shevelyova has developed the formal power
wraparound; Σ2 – envelope; Σ3 – estimated
series method D.T. Babichev wrote about
using kinematic method
utility value of indention velocity high
derivatives, but up to now this idea has neither been implemented in methods, nor in
calculations.
Research objective. To develop envelope points estimation method over wraparound points
coordinates using indention acceleration derivative for calculations. And to assess accuracy
of the kinematic method when third derivatives are used in it.
Derivative of indention acceleration:
𝑎
𝐚 ∙𝐧 𝐕 ∙𝐧
𝐚 ∙𝐧 2∙𝐚 ∙𝐧 𝐕 ∙𝐧
where V12 is relative velocity vector; n – unit normal vector to the surface, directed out of
the generating element field; a12 – acceleration of the point situated on the generating
surface Σ1 and riding on it at a velocity “V12”; n  derivative of unit normal vector n.
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For flat rack‐and‐gear drive where
generating profile is a straight line,
formula was deduced for calculation of
derivative 𝑎 of indention acceleration
аВН:
𝑎

𝜔
𝜔 ∙𝑟

Figure 2. Indention parameters for straight intervals of a rack profile: a) engagement scheme; b)
velocity VВН; c) acceleration аВН; d) its derivative
𝑎

∙𝑟
𝑟

(2)

where rb – base radius of the gear blank.
Plots illustrate changes in: indention
velocity VВН, indention acceleration аВН
and its derivative 𝑎
along cutting
edges in the rack gearing under
consideration.
Principles of the kinematic method
where indention acceleration derivative
is used. Below is envelope points’
estimation algorithm for the case of

one‐parameter envelope. The basis is formulas
 
2
   a  aBH  2  a BH  VBH
t  min abs BH
a BH
 





  absVBH  t 







aBH  t 2
a  t 3 
 sign(VBH )  BH
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(3)

Degree of accuracy improvement

Evaluation of the method offered and accuracy estimation. Using software an involute spur
gear forming process by counterpart rack has been simulated. Figure 3 shows the degree of
accuracy improvement for two kinematic points calculation methods on the Σ3 (i.e. close to
involute) compared to deflections of the wraparound jags (i.e. jagged curve tangent to
involute). Two bottom curves are minimum and maximum accuracy. Two top curves are
minimum and maximum accuracy, which
is described above and includes use of
derivative VN и aN.
Conclusion. Indention derivative was used
in kinematic method of envelope points
lumping given the wraparound points.
Simple example demonstrated that in this
case accuracy of kinematic calculation of
coordinates under the same number of
cuts increases by 3 to 6 orders of
magnitude. It is assumed that in the
general case use of the derivative a ̇_BH
improves accuracy not by 3 to 6 orders of
Product of number of teeth and
number of cuts
magnitude but only by 2 to 3 orders of
Figure 3. Comparative accuracy analysis
magnitude, since it was involute to be
of the two kinematic methods
considered as envelope and in case of its
formation second derivative is a ̈_BH=0. In other engagements, especially in space ones,
forth derivative may be not zero, that would lead to calculation accuracy reduction.
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Problem statement’ Theory of surfaces formation by
movable bodies distinguishes two types of formed
surfaces: wraparound and envelope – see Figure 1.
Wraparound Σ1 is a discrete family connected set of the
reference gear tool surfaces pieces; envelope Σ2 is a
surface tangent to all the elements of this discrete set.
Envelope Σ2 is normally a smooth surface; wraparound Σ1
Figure 1  Generating,
wraparound, and envelope
– is always a faceted surface (with jags). Wraparound Σ1
surfaces:
is estimated by direct tracking of generating surface
Σ0  generating; Σ1 
points situation Σ0 relative to the blank. Majority of
wraparound; Σ2  envelope
specialists dealing with computer simulation of forming
processes prefer to estimate wraparound rather than envelope.
Work objective. To present a kinematic method of ‘approach’ of wraparound Σ1 and
envelope Σ2, based on utilization of terms ‘indention velocity VN’ and ‘indention acceleration
аN ’. Assess its accuracy, reliability and amount of calculations. Let us look upon indention
velocity and acceleration, the basis of the method.
Indention velocity VN, suggested by V.A. Shishkov – also known as velocity of mutual
approach and separation – is a velocity of reference gear tool surface (RGTS) penetration
into the blank volume. Indention velocity is estimated as projection of a vector of gear tool’s
movement velocity relative to machined element onto direction of a normal vector to the
RGTS at this point:
(1)
VN  V12  n  V12 x  nx  V12 y  n y  V12 z  nz
where V12 – relative velocity vector at the point on RGTS: V12 = Vtool – Vblank; n – unit normal
vector to RGTS at this point, always directed out of the gear tool body, e.g. out of grinding
disc, but never inwards.
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Indention acceleration аN, suggested by D.T. Babichev, is acceleration at which generating
element (normally surface) indents (‘sinks in’) into the volume of the other body to form a
mating element (normally a surface as well). I.e. аN indicates how fast indention velocity VN
varies with time at this particular point of the space where the formed element is situated
Let’s find аN upon differentiation of VN with respect to time t:
dV
d
(2)
a N  N  (V12  n)  a12  n  V12  n
dt
dt
where V12 is relative velocity vector; n – unit normal vector to the surface, directed out of
the generating element field; a12 – acceleration of the point situated on the generating
surface Σ1 and riding on it at a velocity “V12”.
The article presents the calculation equations for all quantities included in the formulas (1)
and (2). These equations are obtained for generalized engagement. Actually any specific
transmission or generation may be refined in the systems of coordinates and motions of this
gearing. Actually any specific transmission or generation may be refined in the systems of
coordinates and motions of this gearing. For the principle of point estimation at the surface
Σ2 formed by one‐parameter enveloping sees Figure 2.
Finding the envelope by our kinematic method at one parameter of the envelope:
2
V
V
(3)
t   N
  N ;
2  aN
aN

N  n1  ω12  n1   t ;
x 2(  2 )



x 2   n  n x(  2 ) ,

N  N x2  N y2  N z2
y 2(  2 )



n ( 2) 

;

y 2   n  n (y 2 ) ,

N
N;

z 2(  2 )



 n    n  n1 
z 2   n  n (z 2 )

(4)
(5)

accuracy of the proposed method, micron

Each In order to assess accuracy of the method, the process of spur gear involute profile
generation by rectilinear‐face rack was studied. Such gearing was selected as a study object
because for involute it is not difficult to deduce formulae for estimation of distances
measured from theoretical envelope represented by the involute itself.
At the final stage, we investigated the effect of three parameters on the deviations from the
involute of the points obtained by our kinematic method. See Fig. 3 for analysis results.

Product of number of teeth and
number of cuts

Figure 2 – Principle of estimation at the en‐
velope surface Σ2 points

Figure 3 – Wraparound Σ1 deflections from
the involute Σ2
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Cracks in shafts and rotors of rotary machines are the most frequent and most dangerous
due to the consequences which they can cause, but also because of the cost and difficulty of
their timely discovery, and prevention of their initiation and spreading. The presence of a
crack of certain characteristics causes a change in the rotors stiffness. When the rotor is
deformed under the influence of its own weight, an unbalanced force or additional bending
moment, the crack can be opened or closed. An opened crack causes asymmetric stiffness
of the rotor in two mutually perpendicular directions, which leads to a nonlinearity in the
dynamic behavior of the rotor. During rotation of the cracked rotor, the shape of the crack
changes (completely opened, partially opened, completely closed) depending on the crack’s
and rotor’s characteristics. Generally, during shaft rotation, the crack is constantly changing
between these two extremes and it is said that the crack is breathing.
In this research DS CATIA software has been used for crack modeling. For modeling the part
of the shaft with the crack the Sketcher Workbench for sketches, Part Workbench for making
the parts, and Generative Structural Analysis for FEM analysis have been used, as well as
Advanced Meshing tools for finer element mesh generating. Modeling and analyzing in the
same software package gives numerous benefits, eliminates usually occurring errors from
connecting models in different software and significantly saves time.
Figure 1 shows the shaft model and detail of the modeled crack. As an external load a
continuously distributed force is placed along the volume. This type of load completely
simulates real conditions because simulated inertial forces which act in all points of the
continuum. Constraints do not allow for static equilibrium of the shaft model segment with
the crack, because axial movement is enabled. As a result of this additional constraints have
been added which prevent only axial movement of the bottom line of the crack. This
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resembles real conditions (there are no causes for moving the top of the crack axially; the
model allows all other degrees of freedom of all points of the crack).
0,01

0,01

a

D = 20

a

R = 10

L /2

L = 100

Figure 1. Cracked shaft model

% of crack closing

The position of a neutral bending line is noticeable perpendicular to the direction of outer
loading. It is also made clear that there is a concentration of stress at the crack tip, which is
especially noticeable when the crack is opened.
When the crack is almost completely closed (shaft rotation angle of 170° or 190°), the areas
of the opened crack are not noticeable. This is a result of a very small number of elements
which are not in contact, not all of which are concentrated in one area, as well as due to the
fact that the finial clearances between them are very small (maximal value of mm).
Based on results a diagram of crack breathing has been formed and shown in figure 2.
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Figure 2. Crack breathing diagram during shaft rotation
FEA analysis gives usable results comparable with experimental results.
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Lifting table has been designed and developed through the concept of Learning Factory (LF)
at the University of Mostar. The idea for lifting table design has come from the local industry
needs for a lifting platform that should lift a man and/or load at a certain height. For safety
reasons, design is checked under the loading using a method of finite element analysis. The
paper predicts and explains methodology for structural analysis used in presented case
study. Results of FEM analysis are basis for making ways and guidelines to optimize current
design in order to get optimal parameters for weight, stability, capacity, mobility and layout
of the lifting table. From the previous work, design of lifting platform has been realized
through learning factory concept at Department of mechanical engineering University of
Mostar. It is about mechanical lifting mechanism that is able to carry great loads by vertically
hand moving. A need to use a lifting mechanism is very widespread across labs, workshops,
departments etc. The goal of developed design is to lift some objects or man at a certain
height in order to perform some operations. The required highest level of lifting was up to
550 mm. Stress and strain analysis for the entire structure of lifting table represents one of
the main tasks in the phase of embodiment design. This is the most important step because
calculation results need to confirm design correctness. Correctness of design implies
capability to carry out full predictable load, easy mechanical handling, safe lifting and
smooth motion of the mechanism. Because of very low working speed, it will be observed
three characteristic positions of the lifting table mechanism: the highest, the lowest and
middle position under acting of maximal load. The objective of this paper is to check the
stress and strain for all three characteristic positions and on that basis make ways and
guidelines to optimize current design. In accordance with previous mentioned, material
selection has to be appropriate depending on component type and function it performs. The
most of the components are made of structural steel (S275) like as two frames (upper and
lower), four legs, longitudinally stiffener, transversely stiffener and lever. The four wheels
are made of polyethylene. Slider and spindle screw nut are made of bronze, while spindle is
made of stainless steel. Technical requirements will play main role in defining boundary
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conditions of parametrized model of lifting table. The Figure 1 shows workflow algorithm for
structural analysis. Appropriate geometric mesh model that ensures low approximation
errors and validity of obtained results has been created. This task can be done in few
different derived mesh iterations in order to get congruence or confirmation of stress results
(Table 1).

Figure 1. Workflow algorithm of stress analysis using FEM
Table 1. Mesh details for multiple iterations of structural analysis
Characteristics of
Mesh
Mesh Method
Element Size [mm]
Size Function

General
Mesh(1)
Automatic
6
Adaptive

Derived Detailed
Mesh(2)
Hex Dominant
3
Curvature

Mesh Quality
Transition Ratio

Medium
0,272

Fine
0,272

Derived Detailed
Mesh(3)
Hex Dominant
1
Proximity and
Curvature
Fine
0,272

According to structural analysis (Table 1), three components had maximal stress values:
lever (in high position), spindle (in middle position) and mounting bracket at welded joint
(in low position). It can be noted that obtained results are compromise in numerical
evaluation of multiple model parameters. Stress results obtained in this analysis will serve
in creating guidelines for design improvement.
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The basic parameters of the combat training and weapon practicing are the determination
of the accuracy and precision. The automatic systems for acquiring of the hit pattern are
very expensive and inaccessible. Modern automatic systems are designed as non‐material
target system for accurate spatial positioning of the projectile trajectory in one or more
planes. In the paper will be described the design of the non‐material high‐resolution target
acquisition system developed on the optoelectronics IR (infra‐red) sensors. The frame of the
multiple IR sensors coupled with the microcomputer platform is the optical frame. The
complete target acquisition system is consisted of the two frames for positioning in vertical
and horizontal direction. Additionally, in the target system is incorporated the algorithm for
the determination of the appropriate statistical values from the group of shots, as accuracy
and precision parameters. The assembly hardware components are commercially accessible.
The designed algorithm is applied through simple software code. The main aim of the
developed target system is for the measurement of the small arms shooting. The presented
target system is open for enhancement and can be used for different weapon system.
The determination of the accuracy and precision depends on the reliability of methods and
equipment. The conventional experimental methods are consisted of the test fire from the
small arms on the material target, on the proving test facilities. The test procedure is namely
consisted of the required number of fire groups. The test group depends on the time that is
required to fulfill the test conditions, and have to be less then several minutes. The
determination of the precision begins from the measurement of the every hit. The group of
hits is represented as hit pattern and can be visually described as „image of shots“ on the
test target. The detection of the single hit begins with registration of the particular sensors
in frame, that are mounted in two opposite directions – vertical and horizontal. Every hit is
saved as data from specific sensors, as following information: number (i.e. position) of the
sensors in vertical and horizontal direction of mounted frames, in specific time. Different hits
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have different time tag. In the research, the precision parameters have to be evaluated from
the relation of the specific hit to the average hit. The average hit is the point, specific center
of the hit pattern, and doesn’t represent any real hit.

Figure 1. The hit pattern and precision parameters
The idea of the design of the device for automatic detection of the hits is based on the
interruption of the established signal between transmitting sensor (IR diode) and receiving
sensor (Phototransistor). The transmitter is IR sensor, source of the IR light, and the receiver
is the detector of the transmitted light as phototransistor. The scheme of the conceptual
design is presented in Figure 2.

Figure 2. The design of start‐up model of electronic target system
The purpose of the microcontroller board in the research is to provide the voltage supply to
the IR diode, to detect the signals from phototransistors, provide the detected signal to PC
and enables data processing. The graphic user interface of the Arduino Due enables
communication with connected sensors and components. The software code is made for the
research, in Arduino Environment, [4], for monitoring of the signal interruption between IR
diode and phototransistor, according to the specific frame and position of the pair of
transmitter and receiver. The interruption signal as information of the hit position in target
plane is displayed to user and recorded.
The initial design of the system is made from available commercial electronic and IT
components and custom made support mountings. The initial tests shows that designed
system have improved performances in regard to the standard procedure with material test
targets. Improved characteristics are the decreased time of test, automatic generation the
results of the precision parameters, relatively simple and low‐cost design and production,
the possibility of perpetual usage.
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Sunshade are used in different places and in different weather conditions, from high
mountain areas with large amounts of snowfall, to sea beaches where tempest and storm
can often do damage if the parasols are not adequately closed. As the sunshade has
burdened by the wind (most cases), this paper presents the method of calculating the wind
pressure on the sunshades, analogous to the method of calculating the influence of the wind
on the roofs of building structures. The effect of the wind on a particular construction
depends on the dimension of the structure and its position in the area. The description of
the wind action is based on the adoption of the reference wind velocity (vref) defined based
on meteorological measurements. Under special conditions ‐ during weather conditions, the
sunbathing is exposed to the wind effect and therefore the pressure of the wind (Wi) is
operating on the surface of the dome, and the stated load is further transferred to the other
elements of the sunshades, where they can break if they are not adequately designed. Figure
1 shows broken Collage 8x8 sunshade from the wind in Dubrovnik on August 13, 2017 (min
daily temperature 21 0C, max daily temperature 30 0C, average wind speed 54 km/h, max hit
the wind 84 km/h). In this paper, it has shown the calculation of wind pressure on the
sunshade, just on the example given in the figure. The pressure of the wind on the outer
surfaces we, as well as the wind pressure on the inner surfaces wi, is calculated by the terms:
w
w

q ∙c z ∙c
q ∙c z ∙c

where are:
-q
∙ ρ ∙ ν - Medium pressure caused by an average wind speed
‐ c z , c z - Coefficient of exposure, c , c ‐ Coefficient of pressure
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(1)
(2)

Figure 1. Deformation of sunshade Collage 8x8 – Dubrovnik 13.8.2017.
According to Figure 2a for the direction of wind 00, the four‐stream roof of the dome of the
sunshade is 190 and it has divided into eight surfaces, as shown in Figure 2b.

Figure 2. a) Division of quadruple roofs to surfaces; b) Figure 5. Division of the dome of
sunshade to surfaces
The wind load has determined by algebraic addition of external and internal pressure:
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Analysis of planar or spatial mechanisms, as segments of real complex systems and machines
in the domain of kinematics, kinetostatic, dynamic, functional and other aspects of analysis,
can be done by analytical methods and by applying contemporary software applications. This
paper shows an example of complex mechanism analysis using SolidWorks software, which
provides a special module for quick analysis with a visual representation of characteristic
data mechanism for different members position as a diagrammatic representation of certain
parameters throughout the observed motion cycle. Such representations are very useful in
designing mechanisms in the manner of analysis or synthesis. Analysis of characteristic
points of moving members of the mechanism with the presentation of its path during the
motion cycle, the analysis of velocity and acceleration vectors of members’ moving points,
forces on the members of the mechanism, definition of the moment or force on the drive
member of the mechanism, the path of the executive member of the mechanism, the
possibility of collision in the movement of the members of the mechanism, the geometry of
the members of the mechanism based on the required path of the movement of the
executive member of the mechanism, etc., are some of the possible areas of analysis. There
are various software solutions that allow the creation and analysis of complex mechanisms,
as well as very detailed analysis of all member movements in characteristic points, individual
positions of the mechanism members, or for total movement cycles. Some of them are:
SolidWorks, MechDesigner, SAM ‐ the ultimate mechanism designer, Linkage, Pro/Engineer,
etc. When applying software solutions, the basis of the overall analysis is to create a 2D or
3D model of all the components of the mechanism and connection of the component
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kinematic links that limit the movement, or reduce the number of degrees of freedom of the
mechanism.
Certainly, the creation of members of the mechanism in terms of geometric characteristics,
the type of connection between them, and the assignment of driving characteristics to one
of the members of the mechanism are features that have a crucial effect on the overall
performance of the complete mechanism and its functionality. Benefits of using software
packages, among others, include: visualization of the movement of the mechanism in the
virtual environment with all the details, quick data processing and obtaining output data for
various input parameter combinations, the ability to use output data for different
applications, and the possibility of direct transfer to dynamic analysis.
Figures 1a) to f) show some possible options.
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Figure 1. Planar mechanism and analysis displays: a) 3D model, b) display of trajectory of
characteristic mechanism points using the 'Trace Path' option, c) B joint velocity, d) B joint
normal component of acceleration, e) velocity vectors, f) acceleration vectors.
The most important of options are ‘path’ diagrams with respect to the motion requirements
of the individual points of the mechanism, and the ‘speed and acceleration’ diagrams with
special emphasis on the sudden changes in the speed values giving maximum acceleration,
which are important for the dynamic mechanism stability. This reflects the scientific and
practical application of the implemented software application methodology. In the case of
analysis of mechanisms as parts of real devices or machines, such as: maximum mechanism
member position, maximum speed or acceleration, motion point path, collision detection
and real conduct of mechanism members motion, as well as creating an executive member
of the mechanism according to the precisely defined motion curve for synthesis of
mechanisms, etc. are just some essential segments that require a good understanding of
vector calculation and application of software solutions.
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The aim of the study was to explore the damages of double agricultural cardan shafts / joints
in the exploitation. The most common reasons for failure are recorded on bearing
assemblies and forks. On the basis of the conducted researches in order to increase the
reliability of double agricultural cardan shafts, measures for the development of new and
improvement of the existing technical solutions have been suggested in order to increase
the reliability. At the end of the research, conclusions were drawn about the low reliability
of double agricultural cardan shafts in exploitation conditions.
The subject of research in this paper is a double agricultural cardan shaft, size I.
Investigations were carried out in the field in exploitation and laboratory conditions. For the
purposes of the research it was used: visual assessment method, a method for quickly testing
the current reliability of agricultural cardan shafts, the laboratory test table for testing the
instantaneous reliability of cardan shafts (model: "ANA", type: 23‐26‐26‐04).
Based on the research, it can be concluded that the highest probability of failure occurs with
the joints and bearing assemblies on them. The most inefficient operation in the bearing
assembly was recorded on needle bearings which, due to the increased radial clearance,
could not make linear contact. In other words, the needle bearing reliability is the lowest. In
the case of agricultural cardan shafts, the most common damage is the fork and the cardan
joint bearings.
Damaged elements of bearing assemblies (crosses, needle bearings and cups) are the
consequences of: improper lubrication (both at specified intervals and the use of inadequate
lubricants), damaged seals, the use of inadequate materials in the elements of bearing
assemblies, non‐linear contact between the needle bearings of the crosspiece sleeves and
cups, clogged lubrication channels, Figure 1, damaged lubricants.
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Figure 1. The clogged central lubrication ducts on the cross shaft
The tests in laboratory conditions showed a technical malfunction according to the criterion
of occurrence of temperature in the bearing assemblies. It is characteristic of most of the
joints shown that they should have long been subjected to measures of technical
maintenance, primarily lubrication and adequate storage, as well as overhaul measures.
A general finding that has been found to be significant for the mentioned tests of dual
agricultural cardan shafts at an angle of rotation of 20o joints is the discharge of lubricant
from the bearing assembly space even for the smallest loads, Figure 2. With a minimum
cardan shaft load of 36.15 Nm, lubricant leakage from the bearing assembly was made after
4 hours, and at more than 55.25 Nm, the leak occurred after 2 hours of the exploitation. At
an angle of rotation of the twin cardan shafts of 20o, even at minimum loads, lubricant
leakage from the bearing assemblies on both joints was noticeable, which was due to the
high level of vibration. Leakage of lubricant from the bearing assembly contributes to
increased friction and wear, respectively, further increase of vibration and temperature,
thus influencing the creation of radial, axial and circular clearance.

а)
b)
v)
Figure 2. Some examples of lubricant leakage from bearing assemblies during the
exploitation
The reasons for the low reliability of double agricultural cardan shafts in exploitation
conditions are to be found in the following statements: insufficient level of technical
maintenance, primarily insufficient lubrication of the cardan joints every 8 hours, inability to
constantly maintain equal angles on the input and output shaft, due to the very complex
conditions (terrain configuration, machine turning, etc.) that prevail in agricultural
production, inadequate use of telescopic shaft draw lengths is certainly a fact that influences
the degradation factors of the elements in the bearing assembly of the cardan joint and it is
not advisable to use dual cardan shafts at angles α12 ≠ α21, but in practice, this is primarily
due to the terrain configuration.
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We present a method for estimating the power spectral density of the stationary response
of oscillator with a nonlinear restoring force under external stochastic wide‐band excitation.
An equivalent linear system is derived, from which the power spectral density is deduced. A
classical representation in seismic response analyzes it’s that of a single or multi‐degree‐of‐
nonlinear oscillator subjected to earthquake ground motion at its support. An approximate
method is presented for estimating the power spectral density of the response of multi‐
degree‐of nonlinear random structure under white noise excitations. To illustrate the
procedure of equivalent linearization theory, let us consider a three‐story building. A three‐
story building is modeled by four identical columns of Young’s modulus E and height h and
two rigid floors of weight m. The damping can be approximated by an equivalent damping
constant c1 and c2. The ground acceleration due to an earthquake is assumed to be a Gaussian
white noise with a constant spectrum𝑆 . The method of the stochastic equivalent
linearization is based on the idea that a nonlinear system may be replaced by a linear system
by minimizing the mean square error of the two systems. The method will be briefly
discussed in the following sections. The columns have cylinder sections of diameter D. Note
that as the ground acceleration is assumed to be a Gaussian white noise of constant spectral
density 𝑆 ′ , the spectral density of the earthquake force that acts on the structure can be
found to be 0,5. . .1,1 𝑚 𝑆 ′ . This can be readily seen from the definition of spectral density
function which is the Fourier transform of the autocorrelation function. Considered a third
story building with weight 𝑚 2 ⋅ 10 𝑘𝑔, by four identical columns of Young’s modulus
𝐸 0,2 ⋅ 10 𝑁/𝑚 and height ℎ 2𝑚, with the diameter 𝑑 0,5𝑚, the damping factor
76

𝜉

0,25, with the nonlinear factor to control the type and degree of nonlinearity 𝛼

20𝑚 , and 𝑆
𝑚 𝑆
𝛼

0,52

, which means that the power spectral density of excitation 𝑆

2,08 ⋅ 10 𝑁 ⋅ 𝑠. Obtain 𝑘
20𝑚 , obtain 

29 ⋅ 10

and 𝑘

12,04𝑠

,𝑐

1204 ⋅ 10

⋅

. For

193,5105 m2 ,  2  201105 m2  2  213105 m 2 . The

2
x1

values of 𝑘 , 𝑘

,𝑝
x2

is 𝑘

31,57 ⋅ 10

x3

6
, k2e  33,110

N
,𝑘
m

33,1 ⋅ 10

.

1.16E‐05
8.70E‐06
5.80E‐06
2.90E‐06
0.00E+00
21 21.5 22 22.5 23 23.5 24 24.5 25 25.5 26 26.5 27 27.5 28 28.5 29
𝜔/2𝜋
Figure 1. The power spectral density of the response 𝑆 𝜔 𝑚 ⋅ 𝑠 for the first structure
in the freqency range (21,29) rad/sec.
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Figure 2. The power spectral density of the response 𝑆 𝜔 𝑚 ⋅ 𝑠 for the second
structure in the freqency range (14,16) rad/sec.
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Figure 3. The power spectral density of the response 𝑆 𝜔 𝑚 ⋅ 𝑠 for the three structure
in the frequency range (14, 16) rad/sec.
In the figures 1, 2 and 3, the power spectral density of the excitation is plotted for the
different parameters. The graphs show how each floor of the structure is affected differently
by the effect of seismic movement. By acting on the parameters in the calculation formulas,
there is the advantage of taking preventive measures on the effect of seismic movement.
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The paper investigates the applicability of the path integral solution method for calculating
the response statistics of nonlinear dynamic systems whose equations of motion can be
modelled by the use linearization differential equations. The present paper consists of
discussion on dynamic response of structures under random load. They are random
processes and commonly described by spectral density functions. Stiffness, damping and
excitation are estimated from records of the stationary stochastic response. Assume that a
single‐degree of freedom structure is excited by a force which is a random process described
by the spectral density. Nonlinear, dynamic systems subject to random excitations are
frequently met in engineering practice. The source of randomness can vary from surface
randomness in vehicle motion and environmental changes, such as earthquakes or wind
exciting high rise buildings or wave motions at sea exciting of shore structures or ships, to
electric or acoustic noise exciting mechanical structures. They are random processes and
commonly described by spectral density functions. As a result, to obtain the standard
deviation of the response, the velocity variance of the single‐degree of freedom system the
relative acceleration of this structure and the spectral density of the response. A single‐story
building is modeled by four identical columns of Young’s modulus E and height h and a rigid
floor of weight m. The damping can be approximated by an equivalent damping constant c.
The ground acceleration due to an earthquake is assumed to be a Gaussian white noise with
a constant spectrum 𝑆0 . The columns have cilinder sections of diameter D.
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It starts from the equation of motion for this single‐degree of freedom structure under
earthquake excitation
..
.
.
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The method of the stochastic equivalent linearization is based on the idea that a nonlinear
system may be replaced by a linear system by minimizing the mean square error of the two
systems. Determination of solutions is done considering the following linear equation
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Using the transfer function obtain for the power spectral density of the response
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Figure.1. The power spectral density of response for 𝛼 3𝑚 , in the freqency range (13,
33) rad/sec.
This suggests that the variance of absolute acceleration decreases as the damping increases
when the damping ratio is smaller than0,5. The variance increases as the damping increases
when the damping ratio is bigger than 0,5.It can be seen that stiffening structure (increase
stiffness) can reduce displacement but would result in the increase of absolute acceleration.
A positive value of  represents a hardening system while a negative value represents a
softening system behavior. On the other hand, increasing mass can reduce absolute
acceleration but increase displacement.
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The gerotor pump has many advantages over other hydraulic pumps, such as high reliability,
compactness, lower noise in running conditions etc. Considering the increasingly stringent
regulations in the field of environmental protection, one of the main goals in the industrial
applications of gerotors is to improve their design by using light materials and optimize their
performance. This paper will give an overview of modern research that focuses on improving
the performance of gerotor pumps. A joint publication of three university centers, namely
of Wroclaw, Terrassa and Kragujevac, presents their original approaches to the problem of
designing gerotor and orbital systems. All three approaches have been prepared in separate
parts, but according to similar rules.
Wrocław Fluid Power Research Group assumes that gerotor and orbital systems should be
treated as gear systems. Following that assumption, the scientists of the group has
developed the knowledge of the fundamentals of designing and manufacturing of cycloidal
gears and gear systems constituting gerotor and orbital systems. It is complex knowledge
which includes geometry, kinematics, strength, hydraulics and cycloidal gears technology.
For the description of those issues, an integrated system of technical parameters has been
used, which is similar to the one applied for the classic involute gears. Using the
characteristic parameters of the teeth and the mesh, а formula for calculating the delivery
(absorption) qst of gerotor machines is made:

q st
z
1
= z1 + 1 + λ  ν 2  1 z1 + 1  ν 2 + z1 λ 2  ,
z1 + 1
πbm 4 
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where m is the module of the cycloidal gear, b is the tooth width, z1 is the number of teeth
of the internal gear (z2 − z1 = 1), λ is the tooth depth factor and v is the correction coefficient
of the cycloidal profile.
The research group IAFARG & LABSON from Terrassa considers the gerotor pump as a
hydraulic machine of which pumping action is carried out by means of a trochoidal‐envelope
toothed gear set. The research group unifies several approaches to characterize
performance indexes either an existing gerotor pump or a new‐born gerotor unit. These
approaches mainly are dynamic simulation by using bond graph technique, computational
fluid dynamics numerical simulation and experimental work. Their goal is to provide the
design of a gerotor pump strikes a balance between volumetric efficiency, manufacturability
and mechanical efficiency. GeroMAG concept as an innovative variable flow pump, sealed,
compact and non shaft‐drive with magnetic‐driving outer rotor is obtained.
Contribution of the Kragujevac research group lays in the detailed analysis of the effects of
the geometric parameters of the trochoidal gearing on the reduction of contact stresses
performed using the analytical‐numerical method and in the new possibilities it opens up for
further studies. The condition for the existence of the maximum equivalent radius of the
curvature dependent on coefficient λc=1/ λ and the external gear root radius parameter Sfa
is derived, in the form of:
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All three research groups provide manufacturing and application review in the fluid power
machines (Figure 1).

a)
b)
c)
Figure 1. Designed and manufactured gerotors for hydraulic machines: a) Spark erosion
machining of the internal hypocycloidal gear (Wrocław Fluid Power Research Group)
b) GeroMAG prototype with an in house manufactured transparent polymer pump cover
(IAFARG & LABSON research group) c) Optimal gear pair (research group from Kragujevac)
The developed mathematical models and the obtained results can be of use to the
constructors of the gerotor pump and motors for choosing the best constructive solutions
that reaches higher coefficient of efficiency.
Acknowledgments.This work was funded by the Ministry of Education and Science of the
Republic of Serbia under the contracts TR35033 and TR33015.
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In this article TORVEastro, a three‐link astronaut robot, is presented with a conceptual
design that is used also for a CAD design in performance simulations. This TORVEastro robot
is designed for service applications in space stations. The TORVEastro space robot has a
cylindrical body design with three legs, each of which is made up of two links and an end‐
effector. The symmetrical geometry of the legs makes them interchangeable thanks to the
possibility of adopting a structure with multi‐functional end‐effectors. The conceptual design
shows how one or two legs can be used for the most varied activities. The cylindrical body
of the robot consists of curved surfaces and TORVEastro offers the possibility of facilitated
movement in the outdoor space of orbital stations in order to be able to reach the
localization objects. The service robot can move along, on the rods and handrails. In Figure
1 the conceptual design is shown with geometric and motion parameters.

Figure 1. A conceptual design of TORVEastro
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The proposed design of TORVEastro consists of a trunk and three legs. Control boards,
sensors, battery and motors can be installed inside the cylindrical body (fig.2). The moment
of inertia of the robot in the center of mass of the TORVEastro is: Px = 0.84 kg m2; Py = 1.1
kg m2; Pz = 1.7 kg m2. Calculations of the center of mass of the space robot have been
performed in different configurations and the results show a proper dynamic capacity of
TORVEastro. All electronic and sensitive parts can be repaired easily since the structure is
easily accessible in each of its parts. The cylindrical body has a radius of 20 cm and a height
of 15 cm. The max power of actuators is of 1 Watt, the max torque is of 1 N m, the number
of actuators per end‐effector is one, the number of the total actuators is twelve, the capacity
of the battery is of 20 thou‐sand mAh at the voltage is of 5V (valued consumption is of 0.2
J/sec, autonomy is 100 hours). The proposed TORVEastro configuration has the possibility to
have symmetric three‐link and the robot can be used with any posture that can be easily
maintained because of a modular design with interchangeable parts. The end‐effector can
act either as a foot or as a gripper (fig. 1). Each link of the service robot consists of a 2.5‐1
mm thick hollow cylinder with a circular cross‐section arc of radius of 20 cm and an angular
opening of 80 ° (fig.2).

a)

b)

Figure 2. A CAD model for mechanical design of TORVEastro in Fig. 1: a) full open
configuration; b) full closed configuration.
Requirements and characteristics are discussed in the full paper with the aim to identify
design problems and operation features. A study of feasibility is also discussed through
performance evaluation by using kinematics and dynamics simulations whose results show
the feasibility of TORVEastro robot operation and its peculiarities.
TORVEastro robot is proposed and simulated for service applications to help astronauts to
do assembling and to do some other tasks like repairing and monitoring works outside space
orbital stations.
The proposed conceptual kinematic design is obtained as a result from an analysis of
operation problems and requirements in space. The robot design is composed of one central
body and three legs/arms with the purpose to have robust, versatile, compact, and light
design. Simulations have been used to characterize the mobility performance to give first
indications for a feasible design of a first prototype. Future work is planned for experimental
validation and performance testing.
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The tiles represent the Mechanical element, which is widely used in mechanical engineering,
and orders its wide application in shipbuilding. These elements are standardized where they
are specially standardized, dimensions and loads, as well as the technical conditions for
design, delivery and marking. The work will show sections of the tent, as well as an example
of labeling.
Tensile nuts‐clips, used for adjustment) tightening) of wires and steel ropes or other parts
like masts, pillars, wagon supports, etc. Ties are made of two screws and joint nuts. The
screws with a different direction of slit thread engage in a common nut and thus pack or seal
the parts. The tanks are standardized, the basic standard is JUS C. H4. 072 (Din 82004), since
the tanks have the highest application in shipbuilding, it is also necessary to specify the ship
standard SB 8696. A ship is a floating agent, moving by water using a kennel, sail or propeller,
which is driven by a device or engine. It serves to carry passengers or cargo or some other
special purpose. Our national Serbian standard is marked with the SRPS letter followed by
the numerical standard mark. If the standard is homogenized with European standards then
it is designated SRPSEN.
Figure 1 shows the housing (tensioning nut) with the necessary markings, the right and left
thread of the tensioning nuts are visible.
The length of the tensioning nut (l6) is determined according to the thread length on the
trunk of the connecting parts (l3) according to the thread standards in the tolerance field 7H,
the class of construction C according to the standards JUS M.BO.221 and JUS M.BO.230.
Figure 2 shows the manufactured view of tension nut.
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Figure 1. Tube‐tightening screw nut

Figure 2. Manufactured View of tension nut

The tanks are very demanding responsible machine elements that have wide application
‐ Large and wide range of loads (4‐320 KN) with safety factor 2.
When making, choose the most optimal production technology. It is obligatory to do a
technological elaborate with a selection of the best order of technological operations
If standard or non‐standard tension is required, it is necessary to approve basic and
additional materials and to draw up a workshop drawing as well as drawings for the use of
material for higher loads with a higher security factor. Perform all processing stages
according to the specified standards and requirements of the contracting authority.
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The maximization of the bearing fatigue life can be obtained only by maximizing its basic
dynamic load rating due to an optimal internal bearing geometry. To achieve this goal, in this
paper, first it is described geometrically a self‐retaining full complement cylindrical roller
bearing, in order to obtain the necessary equations to permit the mathematical design of
the optimization problem. The main innovation of this work is represented by the
optimization of the internal bearing geometry of a self‐retaining full complement roller
bearing. Within the most important and related works, it’s clear that the maximization of
the bearing fatigue life, i.e. of the basic dynamic load rating, can be defined as the most
common and diffused objective function in the optimal design of rolling bearings.
Considering the full complement roller bearing geometry, it is not easy at all to find similar
work in the field, especially for the assembling method of the bearing in discussion here,
where the authors of this paper did not find anything in the open literature regarding the
optimal design of the self‐retaining full complement cylindrical roller bearings.
In

Figure 1 it is presented the bearing cross section perpendicular to the bearing axis. In this
way, the objective function will not consider the roller length, which has nothing to do with
the mounting procedure. As one can see, the rollers centers are staying on the bearing pitch
circumference of diameter Dpw and δ is the space to insert the last roller. If the last roller is
somehow mounted, δ is enough small that the all rollers support each other. But to mount
the last roller the outer ring must be heated and the roller is inserted radially. Note that the
outer ring has ribs on both sides and the rollers cannot be mounted from lateral.
In order to describe completely and unique the bearing geometry, it has been found that
only two design variables are necessary being Dwe (roller diameter) and F (inner ring
raceway). With these, the objective function to be maximized is:
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Figure 1. Optimized bearing scheme
Four constraints were applied to the optimization problem. The first one was developed
considering the assembly method of the bearing, then that the last roller can be inserted
only after heating of the outer ring and, the second one, once the last roller has been
inserted and the bearing temperature is back to the environmental temperature, all the
rolling elements must remain together and without falling (inner ring not inserted). The
remaining constraints were conceived after studying many existing designs and to do not
obtain unfeasible bearing designs.
To solve the presented optimization problem, it was used a Particle Swarm Optimization
algorithm that, in literature, has been widely applied and proved to be a solid, simple and
reliable optimization tool. After the initial population is randomly created, according with
the designing variables range, the fitness of each particle is calculated and compared with
the previous personal best position and with the global best position of all the particles. Once
the new personals and global best position are obtained, the velocity of each particle is
computed, and the new position of each particle can be defined. The algorithm is restarted
till the chosen stopping criteria is met. The maximization of the objective function, the basic
dynamic load rating, has been obtained by means of a basic PSO, but modified to implement
the innovative set of constraints. The algorithm converged to a feasible solution and a set of
optimal designing variables has been obtained.
Despite being a single objective optimization process with only 2 designing variables, the
constraints handling of this problem was not easy to deal with. In fact, the only criticality
found, it is related to the sensitivity of one of the mounting constraints. It has been
demonstrated that a small variation (acceptable if considering a normal mechanical
manufacturing process) of only one of the two components of the best individual has a great
influence on the heating temperature of the outer ring. In conclusion, considering the
mounting process and the self‐retaining ability of the bearing geometry, the heating of the
outer ring to fit the last roller also, lead to a feasible result in terms of internal geometry.
The idea to embed this new type of constraint it can be considered solid and of extreme
interest in many other cases.
Acknowledgments. The authors would like to thank the RKB Group, the Swiss bearing
manufacturer, for the permission to publish these results and the RKB staff for their great
interest and support during the development of this project.
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Plastic gears became an important alternative in a broad spectrum of demanding
applications, such as automotive, precision and medical equipment. Plastic gears have some
advantages comparing to metal gears, e.g. lower weight and inertia, quieter operation, low
manufacturing cost, corrosion resistance, vibration dampening. However, there are
deficiencies, e.g. lower load, accuracy of moulded gears, thermal expansion and dimensional
problems, thermal stability and moisture absorption. So, materials are improved by various
fillers and new materials invented. Even very similar materials can have diverse
characteristics.
Despite small testing rigs are quite effective for small gears, the new VDI Richtlinie, Blatt 4
requires some other gear sizes, so a new testing rig was manufactured. The basic idea is to
produce tests, which can be directly compared to other research Tests in this paper were
conducted entirely on the small devices with small involute gears. Raw parts were injected
and gear cut subsequently. Despite net shape injected parts are preferred due to their price
in mass production, cutting with professional hobs is necessary when gears of higher quality
are required. A hob cutter for S‐gears was already manufactured and tests are in plan later
this year. S‐gears are of interest due to lower frictional power comparing to E‐gears.
Small gears (m = 1 mm, z1 = z2 = 20, b = 6 mm, with involute or S tooth flank shape) of varying
material combinations were exposed to a constant torque and driving speed and run until
failure. In this way Wöhler curves are obtained. Two series of tests were conducted: POM –
PA66 and Steel C45 – PA66. POM and C45 gears were used as driving gears and PA66 as
driven gear. Regarding PA66, four materials with different fillers (improved lubrication,
thermal stability, improved load, etc.) were used.
Fig. 1 shows temperature time diagrams of POM/PA experiments. So, POM (Sabic’s
Lubricomp KA000M containing aramid fibres) was used for a driving gear and PA for driven
gear. The best performance can be attributed to combinations Lubricomp KA000M (POM)/
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Lubricomp RFP 36 (PA66) and Lubricomp KA000M/ Zytel 103 HSL NC010. Lubricomp
performs slightly better at higher loads and Zytel with lower loads. So, one could expect
better performance of Zytel gears with loads at fatigue strength level, which is due to stable
mechanical properties of this material at increased temperatures.
Table 1 collects average contact spot temperatures in a stable region for mating POM/PA
gears. Zytel 103 HSL NC010 develops the lowest temperatures in the stable range among all
materials. Both other materials contain glass fibres and PTFE and it appears that the
temperatures in these cases are higher. Regarding temperature range (heat development)
and durability the basic, heat stabilized PA66, Zytel 103 HSL NC010, appears to be the most
appropriate.

Colours: Zytel – green, Luvocom – blue, Lubricomp – orange)

Figure 1. Temperature rise during durability testing of material combinations POM – PA
(n = 1400 min‐1, Tok = 22°C) T = 1,5 Nm (top left), T = 1,3 Nm (top right),
T = 1,1 Nm (bottom)
Table 1. Average spot temperatures in a stable range during testing (POM/PA)
Torque M [Nm]
Thermoplast
Lubricomp RFP 36
Zytel 103 HSl NC010
Luvocom 1/GF/30/TF/15/SI/2‐2

1,5
1,3
1,1
Average spot temperature T [oC]
70
61
58
59
48
48
66
62
55

Acknowledgments. The investment is co‐financed by the Republic of Slovenia and the
European Union under the European Regional Development Fund, no. SME 2/17‐3/2017 and
C3330‐18‐952014
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The overall thermal power plants reliability and efficiency significantly depends on the
efficiency of belt conveyor systems. Today's coal mining on open pit mine requires use of
complex machinery with high productivity which allows continuous process of exploitation
without unexpected malfunction with unplanned costs. For this reason, the tendency for
daily analysis of existing and development of new, improved constructions of conveyor idlers
(one of the most common reasons of bulk material conveyor transportation systems
failures.) is present and growing. Conveyor idlers made by respectable worldwide
manufacturers have up to three times longer service life than domestic. A prerequisite for
improvement of reliability and efficiency of domestic conveyor idlers is introduction of
performance testing methodologies in laboratory and exploitation conditions. Field tests
take a very long time so they can’t be fast enough to provide information for user to decide
which of the offered products should be used in the actual transport system.
For the purpose of the quality and reliability inspection of conveyor idlers, a laboratory
methodology for accelerated testing and comparison of conveyor idlers performance under
the action of the radial load of constant intensity was developed. This methodology was used
to provide qualitative comparison between different types of conveyor idlers – new and
repaired, domestic and imported, conveyor idlers with different greases applied etc.
According to this methodology, the basic parameters for determination of the conveyor
idlers quality are: temperatures in idler’s rolling bearings, deceleration during rotation
stopping, rotational resistance,
vibrations of idler’s rolling bearings and noise. The
procedure for determination of load capacity of conveyor idlers have been realized on the
test rig SIV 300. Its basic look and operation principle are shown in Figure 1. Laboratory
installation is designed for comparative testing of conveyor idlers (quality assessment), and
for measuring changes of their operational characteristics over time (temperatures and
vibrations). All tests have been performed under the action of radial load of different
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intensity. Two pneumatic cylinders are used for radial force generation. They are controlled
by system for data acquisition specifically developed for this purpose.

Figure 1. Test frame for performance testing of conveyor idlers
During the conveyor idlers experimental testing, all listed operational characteristics were
recorded in time domain – using specific data acquisition system. The examples of obtained
diagrams are presented in Figure 2.

Figure 2. Example of obtained results for experimental testing of conveyor idlers vibrations
Implemented tests provide relevant information about the quality level of a large number of
different types of conveyor idlers commonly used in open pit coal mines. The described
conveyor idler testing methodology and equipment were developed in order to achieve
potential increasement of conveyor idlers service life and reliability, reducing unnecessary
and unplanned failures of belt conveyors as a system. Obtained results can also contribute
to improvement of the quality as well as energy and financial loses reductions which are
caused by conveyor idlers – both in belt conveyors and in the entire system of thermal power
plants.
Acknowledgments. Results presented in this paper were realized within the Project TR35029
so authors would like to express their sincere gratitude to the Ministry of Education, Science
and Technological Development of the Republic of Serbia, as well as to the company Thermal
power plant and pit mines Kostolac (Serbia).
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Modern water hydraulics is a unique field of science in which mathematical methods of
describing processes and phenomena are in line with the results of experimental tests. The
theory is confirmed and supplemented with experiments in order to create the basis for
more exact and reliable research.
The most important component of the water hydraulic system is the pump. The modern
development of water hydraulic pumps sets the standards in terms of the ever more
stringent modes of operation of the pumps, and in terms of their quality and reliability.
Special attention is paid to raising the level of technical performance through, improving the
overall efficiency and energy savings, reducing the noise level as an important
ecological
factor, increasing the age of the devices in exploitation, correct structuring of the whole
system in which the device works, optimization of the operating mode and management.
Axial Piston pump is one of the most frequently used hydraulic components in recent
engineering technique (Figure 1).

Figure 1. Axial piston pump of water hydraulic
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The research and development challenges were to find engineering solutions to the
specific problems in design and manufacturing of water hydraulic components and
industrial systems suitable for using pure tap water as the pressure fluid. Current
technological efforts for water hydraulics are far less than those for oil hydraulics. The
experience gained from oil hydraulics is very important for future water hydraulics
research.
Experimental research of piston axial pumps of water hydraulics carried out in the
Research and Development Center RDC‐PPT NAMENSKA. The tests were carried out on a
test facility specially formulated for the examination of water hydraulic components. The
basic component of the test installation is the test stand BAC 2063 (Figure 2).

Figure 2. Test stand BAC 2063
Energy efficiency of components and systems will be also very important aspect in the
future. The consumption of energy during system use have to be minimized. The life cycle of
the whole systems have to be considered. The situation at water hydraulic is different. Due
the material requirements of components, the system building costs are higher than oil
hydraulics at present. The use of water instead of oil is offering benefits, when
considering energy consumption. The experiences of experimental research will provide
good helps for design and development of water hydraulic axial piston pumps. Modern
water hydraulic technology is still new and a lot of problems must be solved to make the
technique more widely vailable for power transmission.
Acknowledgments. The research was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia, Grant III 42013.
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Thermoforming is one of the oldest and most common industrial processes in which
thermoplastic sheets or foils are processed by heating and pressure or vacuum into products
of different dimensions and geometrics. Products obtained by thermoforming have the
widest application in the food and pharmaceutical industries for the packaging of food and
medicine, although there is considerable use in the automotive and construction industries
for interior design with very complex geometries. The thermoforming process consists of
three basic operations: foil manipulation, product forming and product manipulation
whereby each operation is performed on a separate module of the thermoforming machine.
Plastic cup stacking machine presents the last module of thermoforming machine within
which the formed products from the tool are accepted, transported and grouped for sorting
and packaging. Modern plastic cup stacking machines contain sensitive electronics and
numerous sensors – often quite fully robotic, to achieve high positioning accuracy and
repeatability of movements, which is essential in order for the process to function. However,
in addition to the high cost of automated and robotic systems, the main problem is that the
control system is not always able to perform in time the process of stopping the panel within
which are the formed products. This further implies the problem of sorting and packaging of
formed products, which leads to a complete interruption of the process. For all of the above
we have suggested a working mechanism for a thermoforming machine that has full
mechanical control by which the driving motor is running at a constant speed at all times
without the use of a frequency regulator and expensive electronics.
The paper presents kinematic analysis and optimal synthesis of a working mechanism
consisting of a planar six‐bar linkage mechanism with an oscillating slider for the generation
of intermittent motion of the plastic cup stacking machine. Kinematic analysis defines the
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kinematic parameters of the working mechanism – positions, angular velocities and angular
acceleration. In addition, the extreme positions of the output link are defined, where output
link represents the outer ring of the one‐way clutch. The proposed mechanism contains a
screw pair that allows the change and regulation of the machine's working step – the
distance between the holes of the two adjacent panels is the working step of the machine.
By changing panels with different openings, it is possible to manipulate products of different
dimensions and shapes. This further implies a change in machines productivity without a
motor regime change, which is also a benefit of the proposed solution.
Optimal synthesis increased the range of the machine's working step by 82%. In addition,
the change law – step augmentation vs screw pair displacement, is linear in length up to 120
mm of screw displacement, while beyond that the dependence is nonlinear – therefore,
linearity is only on the part of the range and in this zone the screw pair makes sense to apply.
The proposed working mechanism is simple and reliable. It provides high positioning
accuracy that allows high accuracy and repeatability of movements, which is essential for
the proper functioning of the stacking process of formed products. It should be noted that
the driving motor operates at a constant speed at all times without the use of expensive
electronics – therefore, managing of the working mechanism and the change of the working
step is completely mechanical so the malfunctions are minimized.
Further work will cover multi‐criteria optimization with the aim of increasing the interval
within which the change law is linear.
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It is important to realize that harmonic gears (hereinafter referred to as “HG”) were derived
from traditional epicyclic gearing systems. In that case, a sun gear is the main input member
and output speed and torque are obtained from planets that diverge from a central axis. HG
is, in fact, a differential gear with a cylindrical gear pair in which gearing is achieved by elastic
deformation of the flexible spline. This spline is characterized by its unique structure called
a “Strain cam wave generator”. The whole gear system is composed of four basic
components, see Figure 1.

Figure 1. The basic components of a harmonic drive gear
Input torque is applied to a wave generator. This component is specific for its ellipse‐shaped
geometry. However, this ellipse is not regular — to secure clearance between the generating
teeth of a circular spline and a flexible spline when rolling. The shape of the ellipse is
flattened in line with the prescribed geometric function characteristc for stretching or
flattening the shape. On this component, a flexible ball bearing is pressed and flexibly
deformed according to the ellipse shape of the wave generator. When gearing this system,
waves are generated, which is the basic driving component of this gear system.
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HS are composed from some rigid and flexible parts through which the torque is transmitted
thus generates the power. The contact pressure is specifically distributed in more teeth at
the same time against conventional gearbox systems see Figure 2. Firstly, in this article the
design description of dynamic calculation model of harmonic gearbox system in planar strain
is analyzed. Ashwell as the definition of each contact constraints between rigid and flexible
parts of these gear systems with respect of contact type „GLUE” and „TOUCHING“. Last part
of this article deals with force distribution analysis in teeth with respect of frictional forces
in it. The graphical conclusions of this pressure on each tooth has been made. Focus of this
article is mainly addressed on analysis of stress in gear teeth of harmonic gearbox systems.
Ashwell as the research of special trajectory of rigid and flexible entity in solid circular spline
of such gear system. It is the transmission of contact pressures that affects tooth wear and
running accuracy.

Figure 2. Details of the contact stress with regard
With this research, we explained the issue of harmonic gear systems and proposed the issue
of their numerical solution, for 2D and 3D computational model. We also compared the
characteristics of each model. This model was used as a basic model for the following
research, which will be focused on optimizing design parameters for certain backslash. Our
primary objective will be to optimize the parameters so that the backslash would be as small
as possible. It is necessary to realise that these gear systems have been mostly used by
industrial robots for very precise applications that require a really high rate of accuracy and
rigidity.

Acknowledgments. This study was supported by Slovak Research and Development Agency
under the contract no. APVV‐18‐0450 ‐ Research of the influence design parameters of
special transmissions with a high gear ratio with respect to kinematic properties.
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This paper deals with the analysis of impact of various factors on power loss and efficiency
of worm gearing. Worm gearing power losses may vary in wide limits and that depends on
the various influential factors such as: types of materials of meshed gears and the geometry
of the worm pair, input rotational speed, type and the viscosity of lubricating oils, worm
shape, loading, temperature etc.
Worm gearing are characterized by the line contact of teeth flanks which is followed by
relatively high sliding friction between coupled elements and causes forming of a large
amount of heat and power loss which is accompanied with low level of efficiency. The
highest power losses in worm gearing appear in coupled worm and worm gear, in bearings,
losess due to contact of oil and gears, in seals etc.
Worm gearing efficiency has a lower value in comparison with other types of gearboxes. In
case of energy generating worm, overall efficiency is calculated by the equation:



P2
P2

P1 P2  PG

where are: P1 ‐ power on the worm; P2 ‐ power on the worm gear and PG ‐ overall power
losses.
The values of efficiency were determined by the experimental methods on the specialized
device AT200, whereby single‐stage worm reducer constructed and made for that purpose
was used. Mineral oils with different viscosity (ISOVG 220, ISOVG 460 and ISOVG 680) were
used for the testing and their influence on the worm reducer efficiency was monitored. The
values of the efficiency are determined with different input rotational speed whose values
are 1500 min‐1, 2000 min‐1 and 2500 min‐1 and different loads, i.e. output torque. Changing
the current intensity by the control unit causes the braking force on the magnetic brake to
change also, therefore the value of the output torque is changed (load on the output shaft
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Efficiency η

of the reducer). Measurings were carried out for five levels of loads whereby the current
intensity on the brake was in the interval 0.1 ‐ 0.2 A with a step change 0.025 A. The results
of the experimental testings are shown in figures 1 and 2.
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Figure 1. Overall worm reducer efficiency obtained by means of experiment for the input
rotational speed n1 = 1500 min‐1 and different output torque values T2 Nm.
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Figure 2. Values of efficiency for oils with different viscosity with input rotational speed
n1 = 2000 min‐1
Diagram of a dependency of the overall efficiency and output torque T2 (figure 1) shows that
higher values of efficiency were obtained with higher output torque i.e. loads. Likewise,
higher values of efficiency were measured when using higher viscosity oils (figure 2) as well
as with higher values of circumferential velocity. Using higher viscosity oils lead to lower
power losses of worm gearing due to forming of oil film (that is thick enough) between the
coupled flanks of the worm and worm gear, especially when the level of load and
temperature are higher. On the other hand, with the increase of the circumferential velocity
it is easier to form the oil film between the contact surfaces of gear teeth which creates
conditions for total (hydrodynamical) lubrication, therefore the efficiency increases as well.
Acknowledgement. This paper presents the results obtained during research within the
framework of the project TR 35021, supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia.
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This paper outlines the optimum selection procedure for a two‐speed planetary gear train
(PGT) with four external shafts based on two design and operational criteria: radial
dimensions and efficiency. The paper outlines how to quickly determine the structure and
important basic parameters of two‐speed planetary gear trains that meet predefined
transmission requirements. The relevance of the presented results is reflected in the fact
that these transmissions offer significant advantages in systems which require speed change
under load.
Compared to conventional gear trains, PGTs offer numerous benefits, and over the past
several decades their use has proliferated significantly in a variety of branches in mechanical
engineering. Multi‐stage PGTs are built by linking one or two shafts between two different
PGT stages from single‐stage gear trains. A special multi‐stage PGT type is a two‐speed two‐
carrier PGT consisting of two coupling shafts and four external shafts. There are many
important characteristics of this type of compound gear train, the most notable being the
possibility of speed changes under load from the operator or control unit (machine tools,
cranes, etc).
The main objective of this paper is to demonstrate the capabilities of the computer program
DVOBRZ that has been developed for the purpose of analysis and optimization of two‐speed
PGTs. The basic part of the paper is the review of possible choice of the transmission for any
defined application by using developed computer program. The choice between the
computer obtained variants is then made by comparative analysis of the solutions.
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Optimization is possible only if the desired transmission ratios are defined in both operating
regimes, along with the torque and number of input shaft revolutions, as well as some other
input data required by the computer program. The final selection of the transmission's
kinematic structure and brake layout depends primarily on the main governing criterion
chosen by the designer among a potentially large number of feasible solutions.
With the obtained data of ideal torque ratios tI and tII, transmission ratios iBr1 (effected by the
activation of brake Br1) and iBr2 (effected by the activation of brake Br2), the teeth number
of the ring gears z3I and z3II, as well as of the pitch diameters of the ring gears d3I and d3II, the
program then determines the corresponding designation of the PGT and the required order
of break engagements that produces the calculated transmission ratios.
The procedure is followed by a numerical example in which the optimal two‐speed planetary
gear train is selected, defined by the teeth number of the central gears, modules and
transmission ratios. A numerical example demonstrates described principle, showing how
conflicting criteria yield different solutions as optimality priorities change.
Based on the requirements and assumptions, the DVOBRZ program lists six possible two‐
speed PGT design structures as acceptable solutions, with the main parameters and
kinematic capabilities. Since minimal radial dimensions are the main criterion in this
example, the optimal solution is S16V2.
Power flow through the transmission by activating brake Br1and by activating brake Br2 is
presented in the Fig.1

a) Brake Br1 activated

b) Brake Br2 activated

Figure 1. Power flow through the transmission
(A– input shaft; B– output shaft)

This example clearly outlines the procedure needed in the selection of a kinematic structure
designed to operate optimally within a defined mechanical system. In the next step it is
necessary to apply multicriteria optimization methods in order to define the PGT with design
parameters.
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The paper analyses the problems of the influence of direction of helical teeth in the universal
helical gear reducer on service life of the bearings that support the reducer shaft, i.e. on the
overall load carrying capacity of universal gear reducer. Directions of helical teeth for all gear
units is adopted in that way that the overall axial force at the reducer shaft is lowest as
possible, i.e. axial forces of a shaft are in counterbalance. It is a practice the same output
gear pair is used within a helical gear reducer made in universal casing for two‐ and three‐
stage gear reducer. However, these gears are produced with different directions of helical
teeth in order to obtain the lowest axial force on the fifth geared shaft. However, some gear
reducer manufacturers, trying to simplify the production and reduce the number of
manufactured components, produce the gears with the same helical teeth direction for both
two‐ and three‐stage gear reducers. In that way, they do not reduce the value of axial force
on the fifth geared shaft in three‐stage gear unit, but they make addition of axial forces that
certainly affects the service life of the bearings and thus the overall load carrying capacity of
the gearbox.
In the case of two‐stage gear units, all the first gear pairs are kept the same as in single‐stage
gear unit because there are a large number of them. The direction of helical angles of the
second gear pair (or the third gear pair, since the same gears are used in three‐stage gear
unit, just with opposite helical angle direction) is adopted in that way so the axial forces on
the third (or fifth) geared shaft are in a reduction as much as possible.
In the case of three‐stage gear units, the first gear pair is also kept the same as in single‐
stage gear unit, but the second and third gear pairs are adopted with such direction of gear
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helical angle that the axial forces on the third and fifth geared shaft are in reduction at the
shaft as much as possible (Fig.3).
In order to simplify the production and to reduce the number of necessary components,
smaller manufacturers practice to use the third gear pair with only one direction of helical
angle. In that case they could not provide the reduction of axial forces on the fifth geared
shaft. Hence, the axial forces do not reverse each other on the fifth geared shaft of three‐
stage gear reducer. However, these forces are not large due to the small helical angle, but
they are also not negligible due to the large torques on the fifth geared shaft. At the end, it
is assumed that the sum of these axial forces will not be so large. The approval for such
procedure is also reflected in the fact that the fifth geared shaft rotates significantly slower
than the third geared shaft, which it certainly has more favourable impact on service life of
the bearings.
Based on the carried out analysis, it follows that the adopted directions of helical teeth on
the fifth geared shaft do not affect much the service life of bearings. Therefore, it is
completely justified to manufacture only one output gear pair with only one helical teeth
direction. First of all this procedure is justified for small manufacturers of gear reducers, but
also some large manufacturers use this way of producing.
By producing the output gears with smaller value of helical angle, it is possible to reduce
axial forces and to reduce the axial loading of the fifth geared shaft and the bearings, which
means longer service life of the bearings. It is very important since the possible space in
housing wall is very limited and it is not possible to mount stronger bearing (Table 1).
Table 1. Support forces and service life of the left bearing of the fifth geared shaft for both
rotation directions and both helical teeth direction of the fifth gear
Forces in the left support and
service life of ball bearing if
helical angle is 5/6 = 15°

Forces in the left support and
service life of ball bearing if
helical angle is 5/6 = 10°

Right direction of rotation of
output gear, where the axial
forces have partially reduction

FrA = 3694 N
FaA = 1547 N
LhA = 20200 h

FrA = 3733 N
FaA = 848.6 N
LhA = 23700 h

Right direction of rotation of
output gear, where the axial
forces are summarized

FrA = 3553.6 N
FaA = 2697.5 N
LhA = 10840 h

FrA = 3642.3 N
FaA = 1999.1 N
LhA = 15200 h

Left direction of rotation of
output gear, where the axial
forces have partially reduction

FrA = 4113.5 N
FaA = 1547 N
LhA = 17000 h

FrA = 4228.5 N
FaA = 848.6 N
LhA = 16500 h

Left direction of rotation of
output gear, where the axial
forces are summarized

FrA = 4426.2 N
FaA = 2697.5 N
LhA = 8130 h

FrA = 4431.4 N
FaA = 1999.1 N
LhA = 11400 h

The way of loading

Acknowledgments. This paper is part of a research on project "Research and Development
of a New Generation of Wind Generators of High Energy Efficiency" TR 35005, supported by
the Ministry of Education and Science, Republic of Serbia.
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In many industries, there is a need for using more compact and cheaper mechanical power
transmissions. These targets are very difficult to achieve with conventional drive trains with
fixed axes, so the need to replace these drive trains with suitable planetary drive trains is
imposed. Very small dimensions of the gearbox and large transmission ratio can be achieved
using planetary drive trains with cycloid gear. Simple cycloid drive is a type of high‐sensitive
gear train, by which it is possible to realize high transmission ratios in single‐stage. Their
advantage is also reflected in the compactness and simplicity of production, as well as
achieving greater efficiency compared to conventional planetary drive train.
Single‐stage cycloid drive or simple cycloid drive can be realized in two different ways:


Adding a disc (2) with pins, this will accept the epicycle movement of the cycloid
gear and transfer it to the shaft that coincides with the central axis (figure 1.a). This
transfer method is used in today's cycloid reducers, and the disc (2) is called the
output mechanism. There are the holes on the cylinder, which allow the transfer of
the rotation movement from the cycloid gear to the mechanism;
 Adding another central ring gear (2) with the pins placed on the periphery, which
meshes with the second cycloid gear (2p) (figure 1.b). The cycloid gears (1p) and
(2p) are tightly connected in this case. In literature, such planets are called stepped
planets.
In this paper, the basic equations for obtaining the transmission ratios, torque and efficiency
of simple cycloid drive with stepped planets are shown. The dependence between basic
transmission ratio and basic efficiency was also examined to find the optimum value of the
transmission ratio and determine the point at which the self‐locking occurs.
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Figure 1. Simple cycloid drives
Basic transmission ratio of simple cycloid drive with stepped planets is:

io  i11 p i2 p 2 

z  z  1
n1 n2 p n1 z1 p z2
 
 2 1
.
n1 p n2 n2
z1 z2 p z1  z2  1

With the aid of the generalized Willis equation, it is possible to derive the equations for all
transmission ratios of two‐shaft cycloid drive with stepped gear. In figure 2, the function of
the change of the transmission ratios iS1 and iS2 is shown.

Figure 2. Change of transmission ratios iS1 and iS2.
It is obvious that there is no need for gears with a larger number of teeth z1 (when the shaft
2 becomes a summation shaft), since similar transmission ratios can be achieved in the first
period, or when the shaft 1 is a summation shaft.
Theoretical analysis has shown that a simple cycloid drive with stepped gear can achieve
very high transmission ratio, with great efficiency. In addition, the advantage of cyclo drive
is reflected in the compactness and simplicity of production, as well as achieving greater
efficiency compared to conventional planetary drive train. It is recommended to design
these gearboxes with a smaller number of teeth, as this results in smaller dimensions of the
gearbox while preserving a large transmission ratio.
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The piston‐rings‐cylinder system should ensure possibly small blow‐by (gas leakage from the
combustion chamber to the crankcase), low lubricating oil consumption and resistance to
movement, and high durability. Generally, small clearances between the parts of the system
favor the small blow‐by. However, in such case the pressure in inter‐ring spaces could be
relatively high. When pressure in inter‐ring spaces is higher than in the combustion chamber
the gas flows in reverse direction – to the combustion chamber (such flow is called blow‐
back). Although the blow‐back decreases blow‐by it causes increased oil consumption and
emissions of hydrocarbons and particulates. Higher pressure in inter‐ring spaces could also
force additional axial displacements of the rings in the grooves, which intensify the wear and
affects the durability. Besides, additional ring displacements influence the gas and oil flows.
The purpose of this work was to assess the possibility of reduction of the blow‐back and axial
displacements of the rings by modification of the selected dimensions of the compression
rings and piston. An advanced mathematical model of the ring‐pack developed by the author
of this work was used for this assessment. This study was a part of a wider work aimed at
reducing the emission of toxic components from the diesel engine produced by an
independent manufacturer and used in delivery vehicles.
The influence of the following dimensions was examined: joint gaps of the top and second
compression ring G1 and G2 and the diameters of the piston between the top and second
ring D2u and D2d and below the second ring D3u (Figure 1). However, these dimensions
could only be changed in the direction of increasing the clearances because the engine
manufacturer did not allow the possibility of reducing the clearances for fear of seizing and
damaging the engine (particularly, as it was also planned to increase the maximum power of
the engine and hence the temperatures of the parts).
The results of the simulation showed that the top ring joint gap G1 should not be increased
and the diameter of the shelf under this ring D2u should not be reduced because it leads to
a very big increase in the blow‐by and blow‐back.
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Increasing the second ring join gap G2 or reducing the diameter of the piston under this ring
D3u leads to increased blow‐by, but at the same time causes a large reduction in the blow‐
back. Increasing the diameter of the piston over the second ring D2d slightly reduces the
blow‐by and blow‐back, however in combination with changes in other dimensions it can
significantly affect the pressure in inter‐ring spaces and axial displacement of the rings in the
grooves.
As a result of the work, two solutions were proposed: the first one, which allows the
complete elimination of the reverse gas flow from the inter‐ring space towards the
combustion chamber (in comparison to initial version, the second ring joint gap was
increased from G2 = 0.35 mm to G2 = 0.6 mm, and piston dimensions were changed as
follows: D2d = –1.0 mm and D3u = –1.0 mm). In this solution, the top ring moves axially
in the groove once and the second and oil rings two times during one engine cycle. And the
second solution (G2 = 0.45 mm, D2d = ‐1.0 mm and D3u = ‐1.0 mm), which ensures no
displacement of the second ring and only two displacements of the oil ring (the top ring
moves once in all examined versions), and a large reduction of blow‐back – 3.5 times in
relation to the initial version. In both cases, the benefits in blow‐back come at the cost of
increased blow‐by, respectively by 65% and 40%. Pressures in inter‐ring spaces for initial and
two selected solutions are presented in Figure 1.
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Figure 1. Pressure in inter‐ring spaces for the initial dimensions (dotted line) and selected
variants ensuring elimination of the blow‐back (solid line) and preventing movements of
the second ring (dashed line) and drawing of the engine ring pack on the right side
Summarizing, the application of the model allows to analyze the impact of many design
variants on the operation of the ring‐pack and to select one or more variants that will be
manufactured and tested. This allows for a very large shortening and a huge reduction in the
costs of an engine tests.
Acknowledgments. The research was financed in the framework of the project Lublin
University of Technology – Regional Excellence Initiative, funded by the Polish Ministry of
Science and Higher Education (contract no. 030/RID/2018/19).
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Transmission manufacturers are increasing requirements on their operating parameters
(transmitted power, speed, operating temperature, noise ...). Change of these parameters
can be achieved by design modifications. Although, it can positively influence required
parameter, it may have negative effect on another. For this reason, it is necessary to design
a universal testing system, so that transmission parameters can be modified and at the same
time all required parameters can be tested immediately. When measuring gearbox noise, it
is important to propose a way method how to bring the gearbox to the required speed.

Figure 1. Classification of electric motors
The paper is dealing with design of high‐rev planetary transmission and its overall noise. The
transmission is able to reach high gear ratio, and provide very high revolutions per minute.
These parameters can be achieved because of unconventionally mounted planet gears in
two axles. Planet gears on the outside axle are in contact with ring gear and transfer torque
to planet gears in the inner axle. Inner axle planet gears transfer torque to a sun gear. The
paper defines an experiment of transmission design with possibility of changing number of
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planetary gears. Number of planetary gears has an impact on overall noise of transmission.
So it is possible to specify the transmission to fulfil of producer requirements. Aim for the
experiment was to find trade‐off between number of planetary gears, maximum torque,
gear design and an impact on overall noise.
Further on, the paper presents test stand for the transmission. The test stand design allows
definition of transmission structural units, without affecting noise of the transmission.
Experiment also includes drive belt testing, and possibility of BLDC electric motor usage.

Figure 2. Components of measured gearbox
For the experiment it was necessary to design a test bench. The designed test bench consists
of frame with a BLDC electric motor and the planetary transmission installed. Torque from
the engine was delivered to the transmission via driving belt. Next, we were investigating
the impact of the driving belt length on acoustic power level. Two lengths of the driving belt
were used. We used two levels of rpms and the predefined place to measure acoustic power
change.

Figure 3. Test bench
Acknowledgments. This work was created by the implementation of the project “Low Cost
Logistic System Based on Mobile Robotic Platforms for Industrial Use”, ITMS: 26220220205
supported by the Operational Programme Research and Development and by the European
Fund for Regional Development.
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Acoustic comfort is becoming more important in the market with appliances. Customers
require quiet appliances such as vacuum cleaners, washing machines or mixers. Many
customers are willing to pay more for premium products. Customers that are not willing to
pay more for appliances can choose models which are optimal or achieve minimum
requirements. This comparison is focused on comparison of washing machines. Nowadays,
many types of washing machines are available on the market. Customers can choose from
many models, depending on their preferences. They can choose whetehr they prefer
maximum rpms, noise reduction or vice versa. In most aspects, premium models should be
better than regular, but often cheaper options can achieve also interesting parameters. The
comparison is based on parameters that most of customers are focused on.

Figure 1. Washing machine comparison
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The comparison includes 28 front loader and top loader washing machines. As one can see,
the most expensive models can achieve the highest rpms and best‐in‐class acoustic comfort.
But they are priced significantly above average range. Acoustic comfort optimum based on
acoustic power during spin cycle (red lines) shows that half‐priced washing machines can
also achieve relatively good amount of noise reduction. In such a comparison, producers can
choose price range of their products and customers can decide, if they are willing to pay for
more premium products.
Of course, premium washing machines are better in more aspects than maximum rpm or
acoustic comfort. Unbalance in washing machine tub has got significant impact on acoustic
comfort. Premium washing machines are usually better with unbalance sorting out. The
experiment was performed on front loader washing machine. In comparison of particular
washing machines it was determined that with unbalance above 0.3 kg reduction of
maximum rpm during spin cycle may occur. With reduction of maximum rpm, noise and load
is also reduced. Even different models from the same producer have got different unbalance
detection if different electric motor is used.
Table 1. Unbalance impact on maximum rpm

Price has got significant impact on acoustic comfort of washing machines. Premium
washing machines are equipped with technology which can reduce noise during spin cycle.
With unbalance detection and sorting, significant noise reduction can be achieved. Also,
forces affecting components are smaller so longer life span can be achieved.
Acknowledgments. This work was created by the implementation of the project “Low Cost
Logistic System Based on Mobile Robotic Platforms for Industrial Use”, ITMS: 26220220205
supported by the Operational Programme Research and Development and by the European
Fund for Regional Development.
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The problem of dynamic elastic four‐link initial kinematic chain (IKC) of the load‐bearing
manipulator, which is the basis for various modifications are considered. Using the La‐
grange operator for this system, equations of motion in matrix form are obtained. To de‐
termine the potential energy of an elastic four‐link IKC manipulator, we use the formula for
the elastic potential energy of a rectilinear homogeneous rod of length l. The cross‐section
of the rod is considered annular or circular. Solving the system of linear equations of mo‐
tion on a computer using the ADAMS program, the results of the movement of links and
cargo were obtained. Kinematics and dynamics are presented for a generic 3 DOFs Initial
Kinematic Chain; with anthropometric data and the dynamics equations, simulations were
performed to understand its behaviour.
Acknowledgement. We feel obliged to present our great thanks and gratitude to those
who have kindly and patiently supported in our research.

114

PRODUCT DEVELOPMENT PROCESS
technology transfer, creativity and innovations, development
and design, Innovative product development, smart systems,
industry 4.0, knowledge economy

9th International Scientific Conference
Research and Development of Mechanical
Elements and Systems
Kragujevac, Serbia, September 5‐7 2019

CASE STUDY ON TOPOLOGY OPTIMIZED DESIGN FOR ADDITIVE
MANUFACTURING
Abdulbasit M. Aliyi1, Hirpa G. Lemu2
1

Addis Ababa University of Science and Technology, Department of Mechanical
Engineering, Addis Ababa, Ethiopia, obsinan1@yahoo.com
2
University of Stavanger, Faculty of Science and Technology, N‐4036 Stavanger, Norway,
Hirpa.g.lemu@uis.no

Key words: additive manufacturing, layer manufacturing, lightweight design, optimized
design, topology optimization.
Additive Manufacturing (AM), also known as rapid prototyping, rapid manufacturing, layer
manufacturing and three‐dimensional printing, represents one of the most promising
aspects of manufacturing for highly complex geometries. In particular, AM is nowadays seen
as provider of a wide range of possibilities to realize true design optimized manufacturing
through topology optimization, which is an approach considered to be powerful in design.
This is because it contributes to a design that can save energy, materials and time that are
not economically achievable using other manufacturing processes. This paper explores the
potentials of topology optimized design approach for AM in developing products that are
lightweight, time efficient and capable of carrying loads. A case study has been conducted
to demonstrate the steps involved in topology optimization and its benefits in terms of
weight reduction.
Topology optimization provides the design freedom because it provides flexibility of design
modifications and optimization at early stage of the design process, thus, creating a design
concept in terms of a general material distribution as either solid or void. Its goal is to find
the best use of material in load carrying so that an objective criterion (i.e., global stiffness,
natural frequency and the like) is achieved subject to given constraints such as weight or
volume reduction. In other words, the material distribution function serves as optimization
parameter. However, there exists a series of remaining challenges to realize topology
optimization including initiation of design parameterization that leads to physically optimal
designs and making it effective and user friendly. Among these, the existing optimization
algorithms are not yet fully capable to smooth the geometry that remains after optimization,
which appears natural than a model defined by modelling functions. The challenge in design
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parametrization is partly tackled due to the advances in finite element analysis (FEA) that
enables generation of finite element meshes and definition of the meshed elements in
design domain as design variables.
Topology optimization in design may be applied to two different types of structures; namely,
continuum and discrete. While the former refers to optimized design of single objects like
an engine block or a turbine blade, the latter is optimization of truss‐like constructions
composed of many members. The topology optimization algorithms solve design problems
by applying boundary conditions, design responses and constraints to a design domain that
involves all possible configurations of the design. Using finite element meshes, the
optimization algorithms find the optimal distribution of material and voids in the given
design space, depending on the loading and boundary conditions such that the resulting
structure meets the prescribed performance targets.
In the conducted case study on an arbitrarily selected angle bracket, the processes involved
in a topology optimized design approach are first identified. The process starts with
developing a 3D CAD model and then design and non‐design spaces are demarcated, where
the former represents the part of the model that is subjected to topology optimization. Then,
the topology optimization algorithm in ANSYS Workbench is “allowed” to remove materials
from areas defined as the optimization design space, while the non‐design space remains
unchanged. All boundary conditions including loads and constraints are applied to the non‐
design space. The next step involves meshing and conducting finite element analysis, which
provides stress and strain distributions. This distribution was used in the optimization
procedure and materials were removed from areas that have insignificant contribution in
load bearing.
The material removal normally leaves an irregular geometry that needs smoothing. Due to
the lack of an effective smoothing algorithm, the optimized part is remodeled using
approximate surface of the exterior boundaries of the optimized shape. This remodeled part
was then subjected to FEA with the given design criteria so that the von Mises stress values
for the load cases should not exceed the yield strength. For the considered triangular
bracket, the final design satisfied the yielding condition with safety factor that varied from
1.067 to 50. The optimized design weighed only 1.188e‐003 kg, compared to 4.378e‐003 kg
in the original design. As demonstrated by this case study, a 73% weight reduction implies a
significant achievement in terms of products that require lightweight design such as in
aircraft component design.

117

9th International Scientific Conference
Research and Development of Mechanical
Elements and Systems
Kragujevac, Serbia, September 5‐7 2019

TRENDS OF USING POLYMER COMPOSITE MATERIALS IN ADDITIVE
MANUFACTURING
Yohannes Regassa1, Hirpa G. Lemu2, Belete Sirabizuh1
1

Addis Ababa University of Science and Technology, Department of Mechanical
Engineering, Addis Ababa, Ethiopia, yohannes.regassa@aastu.edu.et,
belete.sirhabizu@aastu.edu.et
2
University of Stavanger, Faculty of Science and Technology, N‐4036 Stavanger, Norway,
Hirpa.g.lemu@uis.no

Key words: additive manufacturing, additive fabrication, ceramic printing, composite
materials, polymer composites, printing accuracy.
Additive manufacturing (AM) technology is nowadays one of the advanced manufacturing
technologies used to convert 3D product data to physical objects without any special tooling.
The emergence of the technology has made production of complex geometries having
consumer demands and allows more customized products and services. Though the
underlying technology was initially intended for rapid prototyping, the technology has
recently getting wider attention in diverse industrial sectors. The forefront limitation of the
technology is, however, the material types that can be used as input with regard to the
required output product. Different material types that are commonly employed include
polymers, metals, ceramics, and other compatible researched materials.
In this article, review and analysis of the opportunities and existing challenges for AM
technology in processing polymer composites is presented. Due to the fact that the
technology processes the input materials with no or very low wastes, the use of polymer
composite materials leads to a no waste manufacturing system. Polymers are not only the
first material types for layer by layer fabrication; they are also preferred as commonly used
materials for the AM industry. This is primarily because of the diversity of polymer‐based
composites and the simplicity to adopt them to different AM processes. Polymer‐based
materials for AM are available as thermoplastic filaments, reactive monomers, resin or
powder forms. Among others, the benefits of fabricating polymer composites using AM
technology include the ability to customize complex geometries with high accuracy.
However, their inferior mechanical properties have limited their application for load bearing
structures. As a result, recent research and development has focused on reinforcement of
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polymers with fibres and nano‐materials, which may enhance the mechanical properties of
the printed products to be used as load‐bearing or functional components.
Ceramic based and concrete based composites are also candidate materials for additive
fabrication. Ceramic based additive fabrication, in particular, provides tailor‐designed
materials with a high strength to weight ratio and facilitates creation of complex ceramic
lattices for diverse applications. For instance, strong and versatile ceramic scaffolds with
complex shapes can be used for tissue engineering purposes because biosensors can be
easily embedded in medical devices or human organ. The main challenge of ceramic
composites is the limited availability of the materials for additive fabrication using currently
existing methods, relatively poor dimensional accuracy and quality. Similarly, concrete based
additive fabrication has attracted the construction sector due to the possible mass‐
customization, building process automation without the need for formwork and the like.
However, a poor research progress has been reported in this area due to limitations such as
the suitability of the concrete type for simplicity to extrude, shape stability and dimensional
accuracy after fabrication. Furthermore, other problems such as compacting issues,
anisotropic mechanical properties and poor inter‐layer adhesion are the main challenges
that need to be addressed.
After rigorous review and analysis of previous and on‐going research, trends related with
polymer composite based additive fabrication and the associated research gaps are
identified. Despite the fact that AM systems are proving to be useful in hard‐to‐reach
locations, such as military bases, the international space station, and also widely employed
in the medical applications especially for patient‐specific orthopedic implants, there is still a
need to fill the gap for many consumer products. Furthermore, many more good parts of
this technology are yet to come for the well‐being of human needs. Among others, an
intensive materials research and development is needed in order to broaden the selection
of suitable materials, prepare a database of the mechanical properties of parts fabricated by
AM, and determine the interaction between materials and process parameters. The
mechanical property of the fabricated parts is still not consistent and the process lacks
repeatability of achieved accuracy and surface quality within each machine and across
different machine operating under the same principle. Both the applicable design
procedures and process modelling and control are considered as critical issues that require
closer study in the future research.
In conclusion, parallel with the advances in the fabrication process technology, broadening
the versatile use of polymer based additive fabricated products and further investigation of
the availability of materials for diverse applications, significant work is needed to get
acceptance of the technology in the industry. This needs, among others, changing the
mindset in the industrial sector so that the technology gains industrial acceptance.
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In rubber bumper design one of the most important technical characteristics of the product
is the force‐displacement curve under compression load. This behaviour is the most critical
customer need, in many cases its fulfilment requires general iterative design method. Design
engineers can handle this task with the modification of the product shape. This kind of shape
optimization problem can be solved with several standard optimization methods, if the
parametrization of the design process is determined. Numerical method is a good way to
evaluate the working characteristics of the rubber part. Automation of the whole process
feasible with the use of Visual Basic for Applications (VBA) which allows to directly access
Femap from Excel. Thereby the finite element model pre‐ and post‐processing were
controlled with macro running in excel.

Figure 1. The investigated rubber jounce’s geometry and working characteristics with
optimum shape and a possible initial shape
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Rubber behave as a nonlinear, elastic, isotropic and incompressible material, which can be
described accurately with hyperelastic constitutive model. Mooney‐Rivlin model with 𝑐
1,1371 𝑀𝑃𝑎 and 𝜅 1000 𝑀𝑃𝑎 values were selected for the finite
1,28801 𝑀𝑃𝑎, 𝑐
element investigation of the rubber part. The geometry of the he investigated rubber
specimen is axisymmetric, furthermore the boundary conditions are symmetric as well,
thereby it is worth choosing axisymmetric element for meshing. The investigated geometry
108 𝑚𝑚
can be seen on Figure 1 and it was created with 𝐻 40 𝑚𝑚, 𝛼 3°, 𝐷
33 𝑚𝑚 dimensions.
and 𝐷
In many cases the dimensions of the rubber bumper built in air spring are constrained by
other parts. During the current investigation, the product’s height (𝐻 40 𝑚𝑚 and draft
angle 𝛼 3° were fixed while 𝐷 outer diameter and 𝐷 hole dimeter are variables, see
in Figure 1. Thus in the shape optimization the design parameters are defined in 𝑚𝑚,
according to the following conditions:
𝑫

𝐷 ; 𝐷 , 𝑤ℎ𝑒𝑟𝑒

𝐷 ∈ 70,71, … 130
and 𝑥
𝐷 ∈ 10,11, … 60

15

The goal of the shape optimization process is to minimize the 𝐸 𝑫 difference between the
initial characteristics and the desired characteristics see on Figure 1. The aim of this research
is to investigate the applicability of support vector regression machine, therefore the desired
108; 33 𝑚𝑚.
characteristics determined from predefined optimum shape 𝑫
The objective of the machine learning is to discover a function 𝐸 𝑓 𝑫 that best predict
the value of 𝐸 associated with each value of 𝑫. At the first step 128,36,22 and 8 pieces of
vertex pairs (Learning Points) were selected from 𝑫, than 𝐸 values were determined by using
finite element analysis. Thereby the training set was produced for the machine learning
algorithm. Matlab has a Regression Learner application. With the use of this application we
could perform automated training to search for the best regression model type. Manual
regression model training was ran without validation data set for all available SVM types.
The goodness of the prediction highly hinges on the kernel function type. To choose the best
model, the root mean square error (RMSE) value was calculated on the predicted set. The
best trained model was the Cubic SVM for each set of Learning Points.
Using the different trained Cubic SVM models for different data sets, predictions were made
for each combination of design parameters. Due to the verification the error values were
calculated by finite element method as well. As it was expected these numbers are different,
however the error values are close to zero except for that predictions which one was made
by the data set containing 8 pieces of learning points. The rubber bumper working
characteristics were also determined for each predicted optimum shape. Compared the
different possible optimum shape with the known optimum, it can be stated that each
geometry shows nearly the desired characteristics except for the LP 8. As a result, it can be
stated that support vector machine is a good way to predict the optimum shape of rubber
products.
Acknowledgments. The described work was carried out as part of a project supported by
the EFOP‐3.6.1‐16‐2016‐00022 project. The project is cofinanced by the European Union and
the European Social Fund. This research is partly supported by the ÚNKP‐18‐3 New National
Excellence Program of the Ministry of Human Capacities.
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By defining the categories, the necessary first format of the database will be obtained, which
will be assigned to the individual categories. Each entry must have its own attributes or
properties, the properties on which the algorithm will work. Assignment of data properties
is based on practice or after discreet simulation.
Mounting workplaces and systems can be designed in two ways:
‐
from down to top,
‐
from top to down.
In case of down to top and top to down design, the same database should be used for
designing. This can be ensured by assigning such features to data that will focus on
component requirements as well as requirements for the assembly system / workplace.

Figure 1. Scheme of attributes in database
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The algorithmic solution has the task of correctly identifying data based on the selected
properties. After selecting the correct data, it is necessary to perform and evaluate the
capacities. This step should be simplified by designing an interactive capacitive calculator
that can work on the basis of the algorithm of the selected data.

Figure 2. Proposed idea of solution
If the simulation model does not confirm the assumptions, it is necessary to return to the
design and change the simulation model and thus the assembly system or workstation. If the
simulation model proves to be appropriate and confirms the design assumptions of the
assembly system or workplace, we can talk about a design that meets the requirements.
Such a model is suitable for future planning of plant or system modifications where it saves
time and can also serve as a test model for planning changes in production. In the case of
incorporation of the developed methodology into the software solution, we can talk about
computer support of design in the field of assembly workplaces and systems.
The article shows the ideological design of the assembly system design methodology. The
aim of the work was to clarify and to create a proposal of solutions and partial solutions,
which will enable and help the design of the assembly system design methodology. Paper
defines access to designing databases that can be used for productbased access or assembly
system requirements. Consequently, use the databases in the field of assembly systems to
reduce design times.
Acknowledgments. This paper was created thanks to the national grant: KEGA 021STU‐
4/2018 ‐ Development of a laboratory for the design and maintenance of production systems
supported by the use of Virtual Reality.
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Thanks to the outstanding combination of construction and special features such as high
resistance and stiffness, increased wear resistance to fatigue, higher values of critical speeds,
lower mass, long lifetime, and so on, today a growing number of shafts, especially in the
automotive industry, are made of composite materials. The optimal values of these
parameters can be obtained by selecting the appropriate material.
The selection of materials in the process of product design requires efficient decision‐
making. In this sense, the use of multi‐criteria decision making (MCDM) was used as an
adequate tool and support for making optimum decisions.
For the construction of shafts most commonly used general structural steels, tempering
steels or cementing steels, depending on the required strength, durability, cost of
production, etc. In recent years, due to its good characteristics, composite materials
increasingly replace steel in shaft production. The most commonly used shafts are carbon or
glass fibers in combination with epoxy or polyester resins or hybrid constructions obtained
by combining these fibers. Also, the laminates obtained by the combination of a metal
matrix‐composite are suitable for high resistance, load and specific stiffness.
When choosing metal materials for shaft production, more criteria must be considered
(required load capacity, stiffness, stability, ...). When it comes to composite materials, the
problem becomes even more complicated. In order to include as many criteria as possible
when deciding on material selection, the multi‐criteria decision making process (MCDM) is
recommended.
In this case, four different materials (steel, carbon fibers/epoxy resin, fiberglass/epoxy resin,
aramid fibers/epoxy resin, respectively) for the production of shafts were analysed the
influence of six characteristic values (Young's Modulus E1 and E2, Shear Modulus G12, density
ρ, max. deflection f, max bending stress σ, respectively) that have the role of criteria in the
MCDM process. The values of the xij are given and in this way the Matrix of the decision is
formed. Linear data normalization was made on the basis of the equation from literature
124

depending on whether the maximization or minimization type is the criterion. On bases on
SAW (Simple Additive Weighting Method) which is one of the most well‐known and widely
used methods, it takes into account the weight coefficients of the criteria. It is necessary to
join the weight factor assigned directly by the decision maker or obtained by applying some
of the known methods for determining the weight coefficients of the criteria. For each of
the considered alternatives, the aggregate characteristic, or the value of the sum of
multiplication of relative weight factors and normalized performance values, is calculated
according to all criteria. Quotient an alternative with the highest value is the best of the
offered solutions, where Wj` represents the normalized value of the weight coefficient Wj:
Wj
n


Wj'  n
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A   Ai max Wj rij 
Wj
i
j 1
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As the final result of the analysis, using the expression above, the values of the aggregate
characteristics for the three variants of the weight coefficients of the performances ‐ criteria
were obtained. In Table 1 and Figure 1 it is noted that for the values of the first variant of
weight coefficients, the carbon fiber composite and the epoxy resin are best chosen.
Table 1. Collective characteristics for different values of weight coefficients
Ai1
Ai2
Ai3

S
C
F
A
0.493151 0.722192 0.475890
0.46
0.666667 0.511668 0.315006
0.24
0.64
0.637972 0.420144 0.333189

For the second group of weight coefficients, steel was shown as the most favorable material,
while in the third case, these two materials were practically identical. The remaining two
materials received less or lesser grades in all three variants.
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Figure 1. Diagram showing aggregate characteristics for three variants of weight
coefficients of preformance ‐ criteria
Based on the analysis presented for the four materials considered and the evaluations of the
six selected characteristics, it can be concluded that the steel and carbon fiber composites
with epoxy resins are the best estimate of the potential solution.
Acknowledgments. This is result of the TR33015 project, which is investigation of the
Technological Development of the Republic of Serbia.
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The area known today as neural networks is the result of a combination of several different
directions of research: signal processing, neurobiology and physics. Each computable
function can be trained through a neural network, everything that a normal digital computer
can do is capable of doing neural networks. The best results can be given in the area of the
approximation function classification and problems whose tolerance is imprecise and which
have a lot of data for training and which require the rapid application of the appropriate rule
depending on the input data. In this paper it will be showen how the artificial neural network
can be used to get causality between Gross Domestic Product and Corruption, for the
country Chile. The input data are the Corruption Perceptions Index and the output is
measured by GDP. The corruption index is measured as a change in the price of food entering
the consumer basket and the impact of the change on the household's consumption over a
certain period of time. GDP defines the sum of manufactured final products and services
(production and non‐production) that are provided in a country for a certain period of time
(usually one year). Corruption and GDP are terms that by their definitions do not have much
to do with each other, but in some works they are connected but the growth of national
income and corruption depends on many social factors. If we find a vase between corruption
and GDP, we can predict whether a country will have a higher or lower GDP than in the
previous year. Therefore, propose measures to reduce corruption if there is a need for this.
The data is presented here is from country Chile, which was been chosen by random
selection of 32 countries. The data are analysed in ANN network trough training diagrams
and relative error diagram. Parameters for ANN network is shown on table 1.
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Table 1. Learning parameters.
Element
Network data type
Adaption learning function
Performance function
Number of layers
Number of neurons

Parameter
Feed‐forward backprop
TRAINLM
LEARNGDM
2
10

For the purposes of this paper and further commenting, it is necessary to calculate the
relative error of our simulation. Usually, a mistake of almost 40% (Figure 1) is considered a
major mistake, however, when it comes to corruption and GDP, or indexes that come in
depend on some sociological factors, must say that a 40% error is acceptable. The
sociological factor is such that it can not be foreseen, but foresight with a 40% chance of
error can certainly have an impact on further analysis and should be taken into account.

Figure 1. Relative error diagram
However, it can be seen that there are some social factors that have an impact on corruption,
and therefore, the country's GDP in this case Chile. As these indices are highly dependent on
some internal or external factors, we have analysed the policy of the Chilean government as
well as the crises that hit this country. As a suggestion in further research, apart from the
data on the Corruption Perceptions Index and GDP of some country, it is necessary to look
at some social indexes or to make some index that the "MatLab" program could use in order
to determine the link between GDP and the index corruption of a country for a certain
period.
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This article deals with modularity of special‐purpose machines in the automotive industry,
because these machines and devices make up a large part of production and assembly
machines, which is the engine of the economy of Slovak Republic. The paper introduces the
reader to the issue of special‐purpose machines operating in the automotive environment,
emphasizing their modularity. The proposed equipment must meet certain criteria and be
transformable, as there is great potential for future changes in the automotive industry.
Designed devices must be of modular families and must have a wide range, multifunctional,
and often perform several tasks, assembly or manufacturing at the same time. Most
dedicated equipment transforms inputs into outputs, converting input material, energy, and
information to the output materials, energy, and information. (Figure 1)

Figure 1. Functional structure of a machine
Any design of a modular or modular system is an effective way to reduce production costs
and produce customer friendly machine. It is advantageous for the customer if the machine
is made of serial components. This assumes that spare parts and possible failures will be
easily repairable and economically inexpensive. In the production is the modularity linked
with modular machine centers and big modular lines which are designed to do not need an
operator. In assembly is the modularity of special‐purpose machines linked with replacing
people with machines and often helps people to assemble various components to the car.
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How are created modular units is in the chapter 4. The modularity system can be applied in
a number of sub‐activities such as product design, process design, manufacturing system
design, or combinations thereof. The best choice is to combine these three industries, their
combinations and their simultaneous use, designing modular products, manufacturing them
with modular processes and modular manufacturing processes.
The design of modular systems is possible only on the basis of a thorough analysis and
division of the system into basic functional elements that characterize the basic physical
principles and are integrated into the components of the modular system and capable of
performing their function. This constitutes the basis for the design of the special‐purpose
machine.
In chapter 5 is described the algorithm and consists of 3 call phases: device planning, concept
creation and system design. Each phase is important and must be successive.
Designing using conventional methods does not give designers as many solutions as possible
using new methods. In design we want improvement of technical, quality and safety
functions, weight and space reduction, reducing economic intensity, reduce delivery time
and improving production methods. The importance of these points is different form
machine to machine (task). Every new solution is mostly based on new working principles,
modifiable in manufacturing methods, based on lower prices and shorter delivery times.
Creating concepts can be said to be one of the most important parts of the equipment design
process (often underestimated), because it is precisely in the creation of concepts that we
are able to influence future equipment, its shape, cost of production, selling price,
performance, and so on. The principles must fulfill the functional requirements, that are
based on catalogues, patents and not least engineer experience. From the formulation of
construction requirements, we are capable to mapping relationships between working
principles. These relationships are very important by the creating matrix. In this matrix are
defined modules and from these modules we build a modular design family.
After the concept creation are the modules prepared for designing and the modular product
family is assembled. The final product is subjected to a practical assessment. The final
product is subjected to a practical assessment. If the design of a modular construction does
not meet the requirements, a return to the design process is needed, and more specifically
to the point of combination design and selection of device module variants. Subsequently,
the design process proceeds to the next points, where the design of the device is detailed.
In the conclusion is described the algorithm, how should the engineer proceed in the
theoretical design of the device and should devote sufficient time to this phase. Using the
algorithm, we are able to save time, energy, work and money.

Acknowledgments. The research is supported by the Cultural and Educational Grant Agency
of the Ministry of Education, Science, Research and Sport of the Slovak Republic under the
project No. 046ŽU‐4/2018.
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There are various explanations for the concept of process in the literature. However, it can
simply be defined as "transforming inputs into outputs". The ISO 9001: 2008 standard
characterizes the process as "a set of interrelated or interacting activities that change inputs
into outputs." If we look at definitions by author, we understand the process ‐ a set of
activities that require inputs and generates value‐added outputs for the customer. If we look
at this definition, a closer process is not only linked to the production process, as the word
process might seem. The process concerns all areas of the business, administrative or non‐
administrative, and thus, of course, manufacturing. In addition, processes go far beyond the
enterprise and thus create and shape relationships with other businesses, partners,
customers, employees, government. The process is triggered by an initial event. The event
can be created after any activity, with the most important end goal being a customer‐
oriented outcome. The process or process result is determined by a variety of parameters,
such as process costs or process efficiency. In this case, the value for the endpoint ‐
customer. The process owner and the process parameters are responsible for the process.
Therefore, three basic process categories have been created:
 key processes: are processes that lead to the company's core vision, to profit, and
thus to customer satisfaction;
 supporting processes: these processes are equally important as key processes, they
are also customer‐focused, but internal. Internal customers are employees of the
enterprise and thus one of the inputs to the process;
 side processes: are support processes that can be excluded from the organizational
structure of the enterprise and thus can be "outsourced".
The link between the information system and the business process is confirmed by the
implementation of enterprise information systems by the need to carry out an "inventory"
and, of course, to change all processes in the company, whose activities are affected by the
new information system. In today's companies, it is possible to say almost all areas from
logistics, business and technical departments, through employee records and all related
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tasks ‐ remuneration of merchants based on delivered goods, remuneration of technical
workers based on repairs and installations, remuneration. BackOffice workers for their work,
to quantify all work and results in the hands of management. As a result, it is not only the
achievement of data availability but also the method and thus the processes that obtain and
handle the data. Finally, foreign surveys demonstrate this information system symbiosis with
processes, which show that the introduction of ERP systems has brought not only cost
reductions and quality improvements, but also a space for decision‐making in decision‐
making and customer‐driven decision‐making. also improve processes throughout the
enterprise.
Many IT projects in the past and present in businesses are unsuccessful. The projects do not
meet their objectives and do not bring the expected benefits of their introduction. IT support
for business processes is so often sceptical. Solutions that were originally intended to bring
productivity gains, time savings, cost reductions are often out of control and ultimately do
not meet customer expectations. It is no exception if the situation becomes even worse after
the introduction of the information system.
Summary of IT Problems by:
 the benefits of introducing new technologies from the IT sphere are not being met;
 implemented systems are not being used properly, failing their possible benefits to
the organization;
 many projects are closed or cancelled due to budget or time frame overrun;
 users reject changes in information technology;
 there is a misunderstanding between the needs of business and IT.
One of the key issues encountered in introducing a methodology to measure the benefits of
deploying an ERP system or other major change affecting an enterprise is to use an
appropriate methodology to evaluate these benefits. As the comprehensive deployment of
the new ERP will generally affect all of the company's departments with the desire to cover
and optimize key in‐house processes, it is appropriate to address a methodology that can
quantify the benefits and improvements from a corporate perspective. According to, the
metric is a system of parameters or pathways for the quantitative and periodic evaluation of
processes that will be measured. Metrics are typically specialized by area of application and
cannot be mechanically transferred to other applications.
ERP systems provide efficient business process management at a low cost. They are a solid
foundation on which to build and operate new types of enterprise software applications that
can provide strategic benefits in the competitive world of today. Only efficiently executed
processes are able to move the company to the competition, increase its competitiveness,
flexibly respond to constantly changing customer requirements and strengthen the market
position. Implementation of modern ERP systems is a means by which it is possible to cope
with ever more demanding customer requirements, increase competition pressure, fast
technological development and globalization of business.
Acknowledgments. The paper has been written as a partial outcome of the project KEGA
No.015 STU‐4/2018: “Specialised laboratory suppoted by multimedia textbook for subject:
“Production systems design and operation” for STU Bratislava.
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Leaving no one behind is a motto underpinning the most comprehensive Sustainable
Development Agenda adopted by the UN Member States in September 2015. Starting from
1 January 2019, the Governments have agreed to collaborate with all relevant stakeholders
in a joint effort to fulfil the commitments enveloped in 17 Sustainable Development Goals
(SDGs), 169 targets, and over 230 indicators. Titled “Transforming our World,” the Agenda
2030 aims to eradicate extreme poverty in all of its forms, achieve gender equality and
reduce inequalities, ensure good health and well‐being, and tackle climate change
addressing the needs of those most vulnerable who face the risk of being left behind within
the next 11 years. The universal, integrative, and transformative SDGs have inherited the
Millennium Development Goals broadening both the scope and the body of stakeholders
responsible for their implementation with regard to all three pillars of sustainable
development: social, economic, and environmental. The overall aim is to foster the creation
of an enabling environment that would allow the development of full personal and
professional potential of all and everywhere. However, achieving all of the 17 SDGs requires
collective and collaborative participation of all. Science, technology, and innovation play one
of the pivotal means of implementation of the 2030 Agenda, and open possibilities for its
accelerated implementation. This paper aims to review the role of research and
development in engineering as an enabling factor for reaching all 17 SDGs, with a special
focus on SDG 9: Industry, Innovation, and Infrastructure, and SDG 13: Climate Action.
Industry, Innovation, and Infrastructure have the potential to drive the transition from the
current stagnant unsustainable living habits and patterns towards lasting sustainability. SDG
9 verbalizes the need for incorporating innovation in promoting the more effective use of
both natural and financial resources through empowering people and bridging the historical
gaps. Research and development in engineering aimed at improving health and well‐being,
transport, irrigation, access to clean and affordable energy, and connectivity, as well as other
areas of human activity necessary to reach sustainability are key to ensuring increased
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productivity, income and the improvement of the overall quality of living and environment.
Industries based on the concept of inclusiveness and sustainability can contribute to creating
lasting prosperity for all without compromising the environment and development
opportunities for future generations. This type of industrialization is based both on
technology and innovations, and embraces research and development. Research and
development in engineering framed within the Agenda 2030 commitments can accelerate
its implementation through helping businesses switch to sustainable consumption and
production patterns as stated in the SDG 12. Whether these innovations would include
programming robots to interact with the environment without human assistance using
various situation assessments, or creating more effective and affordable clean energy
sources, engineering innovations should aim at decreasing the humanmade carbon footprint
released by the industry. Carbon neutral circular economy is needed to combat climate
change and mitigate its consequences as defined in SDG 13 that stands as one of the greatest
challenges of modern times.
Research and development in engineering can help facilitate the change in the lifestyle and
manufacturing through innovative, creative, and attractive clean alternatives to the existing
unsustainable technologies. They can also help build resilient societies thus mitigating the
effects of the extreme weather events, rising sea levels, and other challenges fuelled by the
increase of the temperature on the global level. The UN Member States have recognized the
hazards arising from the changing climate in the Paris agreement that came to effect starting
November 2016. To limit the rise of the global temperature to a maximum of 1.5 degrees
Celsius, the Governments could benefit greatly from the development of clean consumer‐
friendly alternatives to carbon‐emitting products in transport and other industries.
Engineers can use the Paris agreement to help steer their ideas because this document
includes a roadmap for climate action that can reduce carbon emissions and build climate
resilience of cities and communities. The need for such an approach is backed by the
observed weekly climate changes that follow the artificial human seven‐days‐working cycle
that could not be otherwise linked to natural cycles in any way. It is essential to keep
developing more efficient and affordable modes of transport, and energy sources that could
lower the negative effects of human activities in the cities thus contributing to reaching the
targets underlined by the SDG 11: “Make cities and human settlements inclusive, safe,
resilient and sustainable”.
The role of research and development in engineering is to help create an enabling
environment for accomplishing all 17 SDGs, thus influencing the change of the way people
think encouraging close consideration of the impact that the current human action have on
the generations that are yet to come. Research and development are an integral part of the
SDG 9 that reiterated the need for switching to sustainable industries and creating the
infrastructure resilient to climate change. Engineers now have the possibility to affiliate their
efforts to develop clean technologies to achieving SDGs, which could help them access
Agenda 2030 funding opportunities that exist around the globe.
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The need to develop a concept is due to the resolution of a complex practical problem: to
ensure the comprehensiveness of internal control (internal control system), i.e. its
distribution and coverage of all the activities of the enterprise, including all levels of
management, types of activities, risks, as well as the participation in the process of its
implementation of each employee regardless of their position within the framework of
vested powers.
The structure of the conceptual approach to organizing the organizational and economic
mechanism for the functioning of internal control is presented in Figure 1 and includes the
following steps:
1. Determining the goals of the organizational and economic mechanism for the functioning
of internal control.
2. The formation of the ideology of the philosophy of the organizational and economic
mechanism for the functioning of internal control, containing basic values, justification of
the interdependence of all subsystems of the enterprise with the mechanism of functioning
of internal control, the basic laws of its organization, the requirements for the organization
of structural components of the internal control system.
3. Development of tools for the organizational and economic mechanism for the functioning
of internal control, which includes: principles, functions, logic, time aspect, controlling,
norms.
4. Creating an adaptive organizational structure of the organizational and economic
mechanism for the functioning of internal control through the implementation of the
developed tools.
5. Building a model of the functioning of the structural unit responsible for the organization
of internal control.

134

Define purpose of organizational‐economic mechanism of function of internal control
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Figure 1. Concept of organizational‐economic mechanism of function of internal control.
The presented tools (principle, function, legitimate, time aspect, controlling, norm) are in
close interconnection and represent an integrated system, the application of which is
determined by the developed methodology for the functioning of internal control, within
which three stages of the formation of an adaptive organizational structure have been
identified:
‐ at the first stage, the structural components of internal control are determined;
‐ at the second stage, the functional components of internal control are highlighted;
‐ at the third stage, working technologies of each functional component of internal control
are developed.
The composition and characteristics of the structural components of internal control, the
type of its organizational structure, the forms of organization of internal control will be
individual for each enterprise, since all of the above should be consistent with the general
organizational structure, and in addition, take into account the wishes of customers and legal
requirements.
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The responsible machine parts are mostly made from metal, foremost from quality steel. In
order to strenghten their mechanical features (firmness, hardness), with these parts
chemical and thermo‐chemical treatment is usually applied. The development od such
machine parts should be adapted to the process of successful thermal and thermo‐chemical
treatment. The character and the intensity of anomalies made in the process of thermal
treatment (high internal pressure, exposed deformity and cracks) depend on the type of
thermal or thermo‐chemical treatment, type of the metal, as well as the defining the shape
of the parts itself. The metal parts put into the treatment should be given such shapes as not
to reach the anomalies. This is made by easing the concentration of the pressure in the
critical areas, evening the parts of the product and its sections.

Figure 1. The expansion of the connector in order to avoid the appearance of the crack: left
– wrong shape, right – right shape
The enormous difference in measures of certain intersections od parts (the difference lies in
their mass) in the process of tempering causes big pressures which lead to distortion and the
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forming of cracks. It is therefore necessary to constructively reduce the differences in the
thickness of the walls in different intersections (Figure 1) [3].
In the process of changing the intersections, sudden crossovers from the flat to thick
intersections should be avoided. In the product presented in Figure 2 – left, in the process
of tempering the chacking is formed due to the sharp angles and not steady intersections. In
case of not being possible to provide the construction with gradual transition from flat to
thick intersections, and thus provide the substitute, Figure 2 – in the middle, then the
construction provided in Figure 2 – right, should be applied.

Figure 2. The reduction of the resistance to the cracking appearance in the process of
tempering: left – wrong, middle and right – right
The dislodgement of the openings on the parts to be tempered should be such that the
distance between the centres of the closest openings is no less than the two diameters of
the opening.In the process of partial cementry it is possible to provide different arrangement
and the relation of the cemented zones. Still, the introduction of the additional protection
from the cementry on certain places can lead to raising the price of the production. Because
of that, whenever posiible, the cementry of the whole product should be done. [5] The
process of firming the surface of high lenght through chemically‐thermal procedure leads to
the deformity of machine part. In some cases, it is necessary to predict the partial tempering
that reduces the deformities, because the existence of soft zones enables the correction of
the thermally treated part.
Machine parts that are being firmed through the process of thermal treatment should have
such shapes to avoid the appearance of high pressurings, deformations and to avoing the
appearance of chackings in the material. It is gained by softening the pressuring
concentrations in the critical areas that are thermally or both thermally and chemically
treated using different construction measures, including balancing the intersections,
reducing the assymetry of the parts, avoiding the sudden transitions from flat to thick
intersections and the difference in measurings of certain intersections of the machine part
etc.
Acknowledgments. This work has been performed within the project TR 35011. This
project is supported by the Republic of Serbia, Ministry of Science and Technological
Development, which financial help is gratefully acknowledged.
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After the industrial era has finished, new age in economy begin. Knowledge economy
represents new paradigm that is characterized by dynamics and uncertainty. “New situation
is best described as 'imperative of change' or, so called, warning, 'innovate, computerize or
leave the scene” (Djuricin, Janosevic, 2006). In the knowledge economy, competitive
advantage of enterprise is established on their knowledge; knowledge represents key
resource which, partially, replaces land, work and physical resources (Krstic, 2009).
Contemporary business conditions are characterized by dynamics, uncertainty and continual
change. Enterprises in knowledge economy are focused on innovation and flexibility of
business. Use of technology has become essential for all the companies wanting to be
leaders in their business area. In knowledge economy, innovativeness of enterprises is one
of the core preconditions for keeping competitive advantage and conditio sine qua non for
survival at market competition.
Concept of innovation is in the focus of many authors since the beginning of 20th century,
when Schumpeter talked about innovations. Based on his definitions, many others have
been made. According to OECD, innovation represents implementation of new or
significantly improved product (or service), new marketing method or new organizational
method in business practice. Peter Drucker, in his work Innovation and entrepreneurship,
emphasizes that innovations are specific instrument of entrepreneurs, which enriches
resources with a new capacity to create wealth. He accentuates that innovations are
meaningful and systematic search for a change, and systematic analyzing of chances that
those changes could get. (Drucker, 2006) Author Bledow by innovation means development
and attentional introduction of new and useful ideas, conducted by individuals, teams and
organizations. This author emphasizes attentional introduction, i.e. introduction with
specific goal. Author West keeps strong difference between innovation and creativity,
creativity is development of idea where as innovation is implementation of those ideas in
practice, Innovation doesn’t necessarily need to be result of research and development, it
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could be substitution of some material in existing product with the material of better quality,
better way of selling or distribution of existing product (Stefanovic, 2015). So, innovation
doesn’t have to be same as invention.
This subject is chosen because of the significance of the innovations for enterprises
nowadays. Innovativeness of enterprises in knowledge economy represents one of the key
factors for keeping competitive advantage. When we talk about importance of innovation
for competitive advantage, we do not look just radical innovation and development of
completely new products, but also incremental improvements of business processes and
operations that are being conducted daily. For maintaining competitive advantage, it is
necessary to continually make innovations in business system, not just production program.
Incremental innovation in marketing and organization will cumulatively contribute to better
positioning of enterprise in future.
Main aim of this paper is to point out to importance of enterprise innovation, also, to show
latest trends and to emphasize differences between activities of strong and weak innovators.
Furthermore, this paper contains types of innovations that innovation leaders are focused
to. Special emphasis is on the analysis of innovativeness of enterprises in 2018 and present
trends in this area. Scientific aim of this work is to, using desk research, trough description
and analysis, determine adequate techniques for improvement of innovation process in
enterprises. As a primary data source in this research, Boston Consulting Group Annual
report for 2018 is used. Also, this paper contains review of relevant literature in the area of
innovation.
Results of this work are some of the following conclusions. Analyzing big data is the base for
successful innovation process. Use of digital technologies is main difference between weak
and strong innovators. Good communication with customers, partners and other
stakeholders in every phase of this process is essential. Innovativeness of enterprise is
necessity for keeping competitive advantage. It requires presence of certain preconditions
such as adequate organizational structure and culture. Nowadays perception of concept of
innovation emphasizes importance of daily, incremental improvements of all business
operations, not only invention of new products and technologies.
Trends in innovation show that investment in digital technologies is recipe for enterprises to
become innovation leaders. In contemporary business conditions, even enterprises in
traditional industries are using benefits of digital technologies. This trend will continue in
future, by development of artificial intelligence.
Acknowledgments. Project of Ministry of education, science and technological
development, no. OI 179066 „Improvement of competitiveness of public and private sector
by networking competence during process of integration of Serbia to European Union “
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In the last couple of years modern trends in development of new types of small aircraft for
transport of cargo and/or people are based on electric powers and multicopter electric
technology which proved its success in the field of small RPASs (Remote Pilot Aircraft
System).The Multicopter RPAS's Propulsion System, MC‐RPAS‐PS, as one of main vital part
of this type of aircrafts, provides the necessary power to driven propellers for vertical
takeoff, hover, horizontal flight and vertical landing.In this moment, in global market it is not
possible to find industry gradeMC‐RPAS‐PS, because market for this type of products is still
in early stages.
In this work, our focus is on making testing rig that will be used to simplify the assembling of
MC‐RPAS‐PS from reliable and low‐cost components that are widespread in the commercial
market. In this manner the final product will be comprehensively tested and optimized for
heavy duty work and fine tuned to achieve maximal performance with minimum loss of
energy. It is worth mentioning that all of this is needed due to the fact that this type of testing
rig forbig MC‐RPAS‐PS is not commercial available, nor the comprehensive approach for
acquiring and analysis of propulsion system parameters.

Figure 1.Schematics of typical multicopter PRAS propulsion system
(battery, RPM controller, ESC and BLDC motor with propeller).

140

In this paper, architecture of testing rig for performance testing, optimizing and fine tuning
of heavy duty MS‐RPAS‐PS for aircraft with maximal takeoff weight, MTOW, up to 450kg is
presented. It can measure all main parameters of MS‐RPAS‐PS: voltage of power supply,
current of power supply,electric power on ESC (Electronic Speed Controller), generated
thrust on propeller, rotational speed, temperature of BLDC motor, temperature of ESC
motor. It must be noted that importance of temperature measurement and its impact on
overall PS performance is essential for reliability of power electric components and BLDC
motor's magnets and coils.

Figure 1.Front and side view of testing rig.
Two MC‐RPAS‐PSs was tested:1) BLDC MP‐120100 motor with 34x12, 38x10 and 35x15
propellers; and 2) BLDC T‐Motor U15 with 40x13.1 propeller. Both of them were powered
with lithium polymer 66.7V, 18Ah, 15C battery and 450A, 90V ESC.

Figure 3.Graph of thrust ‐ electric power dependence for tested MC‐RPAS‐PSs
Developed testing rig enables easy testing, collecting all necessary data which is used for fine
tuning and optimizing performance process of assembling of MC‐RPAS‐PS. The proposed
testing rig was developed for testingPS of manned drone in Montenegro, eq. dodecacopter
RPAS, multicopter with 12 propulsion systems, which can carry one passenger and additional
cargo, with MTOW up to 400kg.
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Social systems are currently forced to operate in very demanding, variable, and turbulent
conditions, characterized by increasing complexity and dynamic change. These changes are
of a different nature. The democratic processes of our society were caused by changes in
social and political conditions, while the scope of diapason of the changes affect whole
society and all its social systems. The result is on the one hand, a number of stimulating
impulses for the development of related economic, social, cultural conditions, but on the
other hand, the increasing pressure on people operating in social systems towards the
necessary adaptation to changing conditions and thus the revaluation of traditional values,
value systems and value orientation.
The people, directly concerned, are continually contemplating ways and solutions to the
effects of a certain synergistic effect of turbulence. Realizing that changes in traditional
functioning affect both social systems and individuals, they strongly support the rise of the
value of education and education itself. This process takes on a modified social function and
becomes an integral part of social systems. From the traditional perception of education and
development, social systems have shifted to the philosophy of lifelong learning and learning
beyond the originally age and social groups.
This trend is not random, but it is based on some empirical experience. In particular, it
supports the fact that the principle of lifelong learning leads, on the one hand, to the
development of both the professional and the personal aspects of the individual. According
to Charted Institute of Personnel and Development, the increased adaptability and
employability of people are also beneficial [3]. On the other hand, education and training
have a socially beneficial effect. It helps to improve economic competitiveness and
employability and, according to the Memorandum on Lifelong Learning, it is the optimal way
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to combat social exclusion as well as enhance the efficiency and sustainability of the
organization.
The philosophy of lifelong learning in Slovakia began to be implemented on the basis of the
Lifelong Learning Strategy and Lifelong Guidance in Slovakia. The original version was created
in 2007 and has been applied over time at the level of secondary schools and universities,
employers as well as by personnel agencies and interested public. The current state of
implementation of the Strategy's objectives and the level of success of its implementation
has brought empirical surveys into these areas, supplemented by information from
interviews with experts from lifelong education field.
Specific objectives were also set within the objective of the empirical survey:
 to identify and analyze implementation of the Lifelong Learning (LLL) and Lifelong
Consulting (LLC)in to the real life,
 to identify and analyze opinions and attitudes towards the LLL and LLC,
 to propose corrections and updates to fulfill the mission strategies in accordance with EU
policies.
Recommendations in the area of education quality management system
Quality management system recommendations in formal and non‐formal education aim at
quality management through investment in quality and assessment of teachers and trainers.
In terms of employment and readiness for labor market, the recommendations concern the
acquisition of a skilled and flexible retraining lecturers through better education, better
teacher appraisal, greater focus on skills and technical disciplines, equalization of formal and
non‐formal education, and, in particular, active school‐employer cooperation.
The interconnection of subsystems and the recognition of results could be optimized by
increasing employers' confidence in certificates acquired through courses, but also by
guaranteeing the quality of output of these training programs. Motivation to participate in
further education could be unambiguously increased by financial motivations based on
recommendations. Following the example of Ambition 2020 from the UK, individual training
accounts could be introduced for those who are not educated at ISCED to complete it.
Another option is to create vouchers, similar to Germany and Austria. Another option is to
create funds by sector, to which employers contribute to education. It is also recommended
to introduce grants, loan funds for vocational education and savings and education. In
addition to proposals of a financial nature, it is recommended to increase the motivation to
educate people with low education and the reasoning behind would be an increase of the
financial value after successful completion of courses. It is also very important to increase
the availability of training courses for low‐income groups. Higher awareness through
campaigns is important, by increasing the assurance of use and subsequently evaluating the
acquired knowledge and skills, and the public awareness of the general premise to
"educate". Answering a question about advisory services revealed a lack of functional
advisory institutions and recommendations are aimed at developing advisory services in the
choice of employment, and at introducing the position of so‐called advisory services. Career
advisor in all kinds of schools with formal education.
Acknowledgments. The paper was prepared with the framework of the support of the
project KEGA 19‐003‐00 – Implementation of the Integrated GPS System for Specification
and Verification of Products for Teaching Engineering Programs and Practice.
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The fourth industrial revolution is a phenomenon that is actively becoming a reality and that
initiates a change in the strategic guidelines of industrial enterprises. The previous strategic
indicators such as scale of production, cost and quality have been replaced by a value system
such as rapid response, flexibility, disruptive innovation and speed. Currently, great
attention is paid to saving time in the course of production and sale of products. Previously,
R. Suri proposed the concept of quick response manufacturing. The roots of the concept go
to the strategy " time‐based competition", which was proposed by G. Stalk and T. M. Hout.
Also, many scientists consider agile manufacturing as a concept of production organization
based on the foresight of changes in the business environment and timely response to the
rapidly changing needs of the market through the effective use of internal and external
resources. Today A. Borovkov rightly points out: «The key thesis is time to market. We are
now witnessing the window of opportunity slamming in front of entire corporations and
industries. The window existed for a year or two, during which time it was necessary to have
time to enter the market. If this did not work out for some reason, you will have to wait for
the next window». So, the purpose of the study is to offer a product development concept,
which will be effective in terms of reducing the time of product market entry in the realities
of the Russian industry.
The model of "short cycles" is based on the Deming cycle (PDCA), which is a model of
continuous improvement. Each cycle of the development process is a mini‐project and
includes all the necessary range of operations: design, prototyping, testing, evaluation of
results. This project is divided into the required number of "short cycles" depending on the
identification of the most appropriate prototype (the standard procedure for product
development often consists of one large cycle). It allows to visualize the scope of work and
explain to the customer how the finished product will look. The duration of each cycle is
from 1 to 4 weeks. The principal feature is the ability to influence each stage of the "short
cycle" at any time (figure 1).
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Figure 1. Visualization of the model of "short cycles" (developed by the author)
An interdisciplinary team in cooperation with the customer develops a prioritized list of tasks
for the upcoming cycle. The basic rule is that if the team has agreed on a certain number of
tasks that need to be performed in one cycle, then it is impossible to add new ones. Small
groups of end users have the opportunity to get acquainted with the new prototype and
provide feedback. At the end of each "short cycle", a stakeholder assessment will be
conducted, which will result in a list of tasks for the next cycle, taking into account the
adjustments received through feedback and based on the discussion of the results by the
team.
Since the beginning of 2018, PJSC Severstal, as one of the world's leading steel and mining
companies, has sold 85.5 tons of new complex products. The project "Product innovations"
started in 2017. Product innovations brought $ 12 million in profits only in 2018. In 2019,
product innovations are expected to yield about $ 20 million. During the period 2018‐2023
Severstal plans to earn more than two billion dollars of additional income. Half will come
from product, process and business model innovations.
A pilot project in the development of a new type of product was the development of a new,
more durable plastic packaging tape for the production of flat products. Thanks to the model
of «short cycles», at the beginning the experts selected the optimal chemical composition,
which should satisfy the customers' requirements for the packing tape. Next new product
was tested. After the customer and the cross‐functional team have reached a final
agreement, they will be engaged in the release of a new cold‐rolled tape in flat‐rolled
products. The product creation period was 9 months, instead of 2‐3 years, that is,
acceleration of product launch to than 3 times. There were 28 short cycles. The product was
distinguished by unique properties that gave reason to recognize this product as innovative.
Another value is the increased demand among consumers. The pilot project was successful
from the company’s management point of view.
The model of "short cycles" can be promising for enterprises of the industrial sector of the
Russian economy.
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Now the concept – the corporate tax management (CTM) absolutely fairly takes root into
practice. According to economic community CTM it is designed to form, optimize and
redirect means of tax payments to the government budget.
Now, KNM in structure of business management is represented as the independent
subsystem having specific characteristics. The set of the called characteristics can be
presented four levels:
The I level – characteristic of corporate tax management; The II level – characteristic of the
entered being tax categories (TC);
The III level – characteristic of the structural elements entered by the Tax Code;
The IV level – characteristic of the conditions of achievement entered by the Tax Code. The
marked‐out characteristics of СTM ‐ tax stability and tax reliability are presented
in figure 1.
It is obvious that each structural element can be presented by an independent indicator.
At the same time there is a need of quantitative assessment of these indicators that the
corresponding technique which demonstrates interrelation of conditions, elements,
components, characteristics on each of the allocated levels represents possible.
This work is offered to be carried out having involved the mechanism of expert estimates.
Experts have to put down marks to each condition on a ten‐mark scale where the greatest
point (Bmax) will be got by optimum conditions for business, i.e.:

Bmax = ∑mi=1 10Ni
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Figure 1. Structural elements of characteristics of corporate tax management
As a result, need and a possibility of introduction of new characteristics of corporate tax
management of the enterprise ‐ tax stability and tax reliability are proved and also specific
features at each of the entered characteristics are distinguished.
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The organization of introduction of innovations is complex therefore processes its
accompanying and connected with direct development, creation, introduction of
innovations has to be in details investigated. Extent of specification has to be sufficient for
allocation of their certain type giving the chance to remove certain regularities. It will make
one of prerequisites of implementation of uninterrupted operation of introduction of
innovations and will predetermine need of modeling of process of adaptation of innovative
solution to conditions of production. In this regard structural components of the period of
adaptation – time for mastering skills of practical application of the developed idea and time
for bringing to organic unity of the mastered technical tool with the system of its functioning
are defined.
The innovative solution or the idea goes through consistently following stages: idea choice,
designing, production, adaptation. According to told, duration the cycle of development and
realization of the idea (Idea t) will be defined as follows:
T idea= T idea choice + T designing + T production + T adaptation
From all components of formula 1 the last has a certain novelty and this circumstance does
necessary its detailed consideration. Usually, in structure of expenses of time such
component is not allocated, considering that idea realization all work on its embodiment will
be finished. However, with increase in complexity, expansion of dimensions of the
developed ideas need of adaptation of the developed idea to conditions of its functioning
and also acquaintance with it appears. Otherwise, suspensions of production for the solution
of the called problems are possible. [3] According to told, adaptation time (T adaptation) is
defined as follows:
T adaptation = T development+ T devices
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So far it is possible to state two assumptions:
1. Time of development (Tdevelopment) represents function from the direction of the plan
of introduction of an innovation (P), category of complexity of the performed works (C),
qualifications of the worker (K)), the size of the production program (PP), etc.
Tdevelopment = f (P; C; K; PP …)
Time for bringing to organic unity of the materialized idea with the system of its functioning
can be presented as function from the direction of the plan of introduction of an innovation
(P), category of complexity of the performed works (C), qualifications of the worker (K)), etc.
factors.
Tdevices = f (P; C; K …)
In relation to this task for creation of correlation and regression model it is necessary to
consider several ideas developed by the organization and also to estimate influence of the
allocated factors on duration of a cycle of development and realization of the idea. Are
carried to number of the factors influencing duration of time of adaptation: direction of the
plan of introduction of innovations (P); categories of complexity (C); qualification of the
worker (K); size of the production program (PP).
The carried‐out correlation and regression modeling allow to create the following model of
time of adaptation:
T adaptation = 0.819859*P + 0.555695*C ‐ 023641*K + 0.26084*PP + 0.6454
The correlation and regression analysis made on the stated idea showed that besides the
presented criteria for the period of adaptation also other factors which are not presented in
this model influence. In this connection, certainly, there are insignificant deviations of time
of adaptation actual and time of adaptation planned.
Everything told confirms forecasting effectiveness of time of adaptation on a preparatory
phase of production.
We consider that by means of the results received in this research the organizations will have
an opportunity to organize continuous innovative development of the production. Though,
certainly, they should face need of the solution of a number of the private practical tasks
connected with need of accounting of their organizational and economic features too. All
this, certainly, moves apart the horizons and opens a way to creativity.
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Mechanical engineering has been driving the development of human civilization since the
early times. From lever as a simple machine, through James Watts' first steam engine, Robert
Fulton's first steamboat, George Stevenson's first steam locomotive, to modern computers,
PET scanners, and digital mammography. Considering the importance of preventive
medicine as an integral part of the Sustainable Development Goal 3, this paper will analyse
the mechanical development of a mammograph, its role in the early detection of breast
cancer, and the need for its continuous research and development in the light of achieving
the goals of the 2030 Agenda for Sustainable Development.
When Wilhelm Conrad Roentgen discovered x‐rays in 1895, it made great strides, among
other things, in the field of radiology and breast health. A mammograph is a machine that
uses x‐rays to visualize breast tissue and detect changes in them. Changes that
mammography can detect are often very small when patients still do not feel the symptoms
that occur in the later advanced stages of the disease. In the last forty years, mammographs
as machines have continued to improve, but the basic principle of their operation using x‐
rays has remained the same. The key innovation in the 21st century was the transition from
analog to digital mammography. Although this novelty did not imply any major changes from
a patients’ perspective, it did allow the image to be created not through a chemical reaction
on an X‐ray film, but through the conversion of X‐rays reaching the digital receptor into
electrical impulses that are converted to an image on the monitor screen. Lower radiation
dose, better image quality as well as post‐processing of the image after exposure (light and
contract) that almost eliminates the necessity for additional exposures of patients are just
some of the benefits of digital mammography.
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Although enthusiasm for the further improvement and advancement of mammography, as
a radiological method, is always present among scientific and health care professionals, an
additional impetus is created by obligations and agreements at the international level. One
such global agreement was reached on September 2015, namely the United Nations Agenda
for Sustainable Development by 2030, as a universal call to all states to act to ensure, among
other things, healthy lives. Two of the 17 Sustainable Development Goals contained in
Agenda 2030, are of specific relevance to the topic of this paper ‐ goal 3 (particularly target
3.4) and goal 9 (particularly target 9.5). Goal 3 is to ensure healthy lives and promote well‐
being for all at all ages. Goal 9, on the other hand, envisages building resilient infrastructure,
promoting inclusive and sustainable industrialization and fostering innovation, with target
9.5. which implies the advancement of scientific research, including, by 2030, encouraging
innovation and substantially increasing the number of research and development workers
per 1 million people and public and private research and development spending.
Recent mechanical advancements in medical engineering have allowed for a more effective
disease diagnostics and treatment that help achieve the commitments of the 2030 Agenda.
New generations mammographs can now detect diseases in early stages when treatment is
most effective. These developments significantly contribute to achieving the target 3.4 “By
2030, reduce by one‐third premature mortality from non‐communicable diseases through
prevention and treatment and promote mental health and well‐being.“ Mechanical
advancements of the new‐age mammographs also reduce the cost of treatment thus helping
countries achieve the SDG 8 (Decent Work and Economic Growth).
All of the above implies that 2030 Agenda is intended, first and foremost, to encourage
states to work to reduce the incidence of non‐communicable diseases, including breast
cancer, as the most common malignancy in women in the world. This can be achieved by
supplying hospitals with mammographs and by providing adequate staff for the analysis of
mammograms, especially in the least developed and developing countries, and then inviting
and motivating women to do mammography through an organized screening program. At
the same time, Agenda 2030 commits countries to work on innovation and further
development of new technologies. One of the latest examples of new technology, in the field
of breast health, is digital breast tomosynthesis, which enables better visualization of breast
tissue, better detection of diseases, and reducing the number of false‐positive findings.
Undoubtedly, in the years ahead we will witness the further development of new
technologies in the field of mammography. These machines are a "powerful weapon" with
the basic task of saving human lives, which will certainly not change in the future. On the
contrary, what will probably change are new targets to further reduce the number of breast
cancer patients and deaths in some new document, in some new Agenda. In conclusion,
Agenda 2030 opens new possibilities for research and development funding for mechanical
engineering advancements in the field of medical engineering.
151

9th International Scientific Conference
Research and Development of Mechanical
Elements and Systems
Kragujevac, Serbia, September 5‐7 2019

STUDY ACCURACY OF A TRANSPORTATION SYSTEM POSITIONING OF A
TEST RIG FOR AUTOMATED MOUNTING OF LUSTER TERMINALS
R Dimitrova1, V Zhmud2, N Petrov1, T Vakarelska3
1

Technical University, Faculty of Mechanical Engineering, 8 Kl. Ohridski Blvd, 1000 Sofia,
Bulgaria, rkd@tu‐sofia.bg, khollegh@abv.bg
2
Novosibirsk State Technical University, Novosibirsk, Russia, oao_nips@bk.ru
3
Technical University, KEE, 8 Kl. Ohridski Blvd, 1000 Sofia, Bulgaria, vakarelska@tu‐sofia.bg

Key words: accuracy, transportation system, automated mounting, luster terminals,
WinPISA, experimental studies.
A test rig for study of parameters of a process of automated assembly of luster terminals is
designed and developed. The aim of the developed test rig is to study the accuracy of
positioning of the transport system during the automated assembly process of luster
terminals. On the basis of data collected during the experiments, reliability analysis of the
whole system has been made.
Subject to automation is a plastic luster terminal with twelve inputs/outputs and mounting
holes. It consists of a body in which brass details are placed with threads, each having two
screws. An automated assembly system test rig had been designed and manufactured. It has
the following main modules (Fig 1 and Fig.2):
 Magazine ‐ collectors (MC) for each of the three different elements, which are
assembled into a final product "luster terminal" ‐ a total of 10 pieces;
 A linear conveyor (LC), which moves the elements between the different positions;
 Interceptors for Element B and Element B (element A is cut off by MC by LC);
 Module for carrying out technological operation (TO) ‐ assembling by threaded
connection of 6 pcs. Elements B to 3 pcs. Elements B in position 4.
After the production and purchase of all the necessary items, a test rig for the automated
assembly of luster terminals is assembled. For programming of the stand the used program
is “WinPISA 4.51” by "Festo". The input and output parameters are responsible for the
information sent and received by all pickups, sensors and pneumatic cylinders, connected in
the test rig. By using this information and depending on the value of each parameter, the
blocks in the prepared block diagram are executed one after the other. Each individual block
requires a specific value of one or several parameters in order to send the program signal
for a subsequent operation to the test rig and to move to a next block where again the
program will require specific values from the input parameters.
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After executing one program cycle, it starts again. Each pneumatic cylinder sends a signal of
the position in which it is located and this signal is constantly checked by the program. The
same applies to the sensors responsible for the presence of elements in the MC. The test rig
enters pause mode in case there are no items available in any of the MCs.

Figure 1. 3D model of a test rig of automated luster terminal mounting: 1 ‐ MC; 2 ‐ MC
with interceptor; 3 ‐ Two MCs with interceptor; 4 ‐ Operating position for mounting
screw‐type element; 5 ‐ Linear conveyor.

Figure 2. General view of the test‐rig.
When performing a certain number of observations or measurements on the subject, the
results are obtained x1,x2,…xq, which form an elementary statistical aggregate (elementary
statistical order) of volume n. Observed or measured values are the final number of
independent random variables that have the same distribution law as the random variable
Х. The values х1, are called variations, and their ranking in ascending order ‐ ranging order.
The resulting statistical set of values xi, (i = 1, 2,..., q) of the random value X together with
the absolutes vi and relative frequencies fi form a statistical distribution law. The conversion
count of Х determines the absolute frequencies ‐ vi, and their relationship to volume
determines the relative frequencies fi. In that:
∑

v

n, ∑

1

For a continuous random quantity, the statistic is broken down into classes (groups, orders)
that are usually of equal lengths of intervals. In this way, an interval statistical sequence is
obtained with k ‐ class. The length of the interval h = xi – xi‐1 (i = 1, 2,..., k) is determined by
the dependence:
h

x

x
k
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Cantilever systems are load bearing structures intended for the storage and handling of long
or irregular, heavy bodies such as bars, tubing, profiles, plates, wood panel. The main
components of racking structure include vertical elements called columns and horizontal
elements called cantilever arms and bases. To ensure cross‐aisle stability, the base bars
usually have the same length as the cantilever arms; in other words, a vertical line running
down from the ends of the cantilever arms touches the ends of the base bars. The down‐
aisle stability of the rack is provided by the cross‐bracing. Although components are
standardized, they are only standard to each manufacturer. Cantilever racking can be used
for internal or external storage. It is generally assumed that rack is serviced by powered
handling equipment such as fork lift or side loading trucks and is not hand loaded. The design
of the structure or its parts shall be carried out by one of the methods given in relevant
standards, FEM codes and/or EN norms. FEM Code 10.2.09 ‐ The Design of Cantilever Racking
gives guidelines for the design requirements not covered in more general standard EN 1990
and EN 1993. Information technology and computer technique are present as a standard
part of the design phase in modern engineering practice. This paper presents a methodology
that enables the automatic generation of a three‐dimensional model of cantilever racking
using connection between CAD software Autodesk Inventor and spreadsheet software
Microsoft Excel. Geometric parameters of the rack structure elements, calculated on the
basis of the required input defined in the project assignment in Microsoft Excel as shown on
figure 1 and developed automatic procedure of calculation according to standards, are used
to generate the 3D model in the Autodesk Inventor environment. The aim of the automation
of designing process is to allow easy generation of technical documentation and a complete
techno ‐ economic analysis of the developed construction. The ability to quickly, and at the
same time easily obtains a number of different variants of complex construction, is another
significant advantage of this method of design that make the work of the engineer far more
competitive and better.
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Figure 1. Technical data sheet for cantilever racking
Acknowledgments. This work was funded by the Ministry of Education and Science of the
Republic of Serbia under the contract TR 32036.
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The presented paper deals with the mechanical and fatigue properties of the alloyed
aluminium alloy AA‐2024 welded by the Friction Stir Welded (FSW) process. Using the
optimized tool and welding procedure, 6 mm thick plates were welded with a constant tool
rotation speed n = 750 rpm and three different welding speeds as presented in Table 1. After
the welding process was completed, the visual control as well as the radiographic control of
welded samples on the weld face and root of the seam were performed. No defects were
detected (visually, touch or magnifier).
Table 1. Friction Stir Welding parameters
Sample
designation
AI
B  II
C  III

Rotation speed
n [rpm]
750

Welding speed
v [mm/min]
73
116
150

Ratio
n/v [rev/mm]
10.27
6.47
5

Specimens for the further mechanical and fatigue testing were manufactured from FSW‐
samples. Tensile tests were carried out at room‐temperature under strain rate of 3.3×10–3
s–1 according to the ASTM E8M standard. Two tensile specimens were tested for each
welding regime (A‐I, B‐II and C‐III) and average values have then been considered when
determining the mechanical properties of FSW‐joints. Fatigue tests were carried out on a
servo‐hydraulic fatigue testing machine (Shimadzu Servopulser E100kN, Shimadzu Co.) at
room‐temperature under the stress ratio R=0.1 and loading frequency of 35 Hz. For each
welding regime, the fatigue tests have been performed at different stress levels.
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Table 2 shows the mechanical properties of welded joints for different welding regimes (A‐
I, B‐II and C‐III). It is evident, that the best mechanical properties correspond to the welding
regime B‐II with the middle welding speed v = 116 mm/min. This welded joint also shows a
relative good ductility with elongation at breakage about 7.43 %. On the other hand, a very
brittle behaviour (small difference between Rm and Rp0.2 and extremely short elongation at
breakage) under quasy static loading can be observed for welding regime C‐III, where the
welding speed was the highest (v = 150 mm/min). For welding regime A‐I with the lowest
welding speed (v = 73 mm/min), the mechanical properties of welded joint can be found in
the between of the properties for B‐II and C‐III.
Table 2. Mechanical properties of welded joints for different welding regimes
Sample
designation
AI
B  II
C  III

Yield strength
Rp0.2 [MPa]
281.9
330.9
337.6

UTS
Rm [MPa]
371.0
469.1
352.0

Elongation
A5 [%]
2.29
7.43
0.33

Figure 1 shows the S‐N curves for different welding regimes. It is evident, that the highest
fatigue strength corresponds to the welding regime B‐II (v = 116 mm/min). For this case, the
fatigue limit at 107 loading cycles is approximately 68 MPa. The S‐N curve for welding regime
C‐III (the highest welding speed) shows a relative high fatigue strength in the area N < 105.
On the other hand, the fatigue strength is for the welding regime C‐III significantly decreasing
with increase of N. The latter can be explained on the assumption that the hard and brittle
material is very sensitive to the high cycle fatigue regime.

Figure 1. S‐N curves for different welding regimes
For future work the influence of the residual stresses on fatigue life of FSW‐joint may be
addressed. Namely, the higher heat input in the case of low welding speed could induces
greater residual stresses which are in high cycle fatigue regime usually not relaxed.
Acknowledgments. The authors acknowledge the financial support from the Slovenian
Research Agency (Bilateral cooperation No. BI‐RS/14‐15‐029).
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This paper presents the results of an ongoing experimental study of the influence of the
building orientation on fatigue strength of maraging steel MS1 and stainless steel PH1 parts
manufactured using Direct Metal Laser Sintering technology. The study is a part of an
extensive research program, which is carried out within the framework of the Horizon 2020
project A_MADAM with the aim to improve understanding of the dynamic behaviour of
additive manufacturing products [1]. Additive Manufacturing (AM) technologies represent a
family of manufacturing technologies that, unlike more conventional subtractive and
forming technologies, produce a product by addition of raw material.
Samples were produced by DMLS machine EOSINT M280 (EOS GmbH – Electro Optical
Systems, Krailling‐Munich /Germany/) in the “3D Impulse” laboratory of Faculty of
Mechanical and Civil Engineering in Kraljevo /Serbia/. The EOSINT M280 machine is
equipped with Ytterbium 200W laser. Three sets of samples were manufactured for each of
the materials, with longitudinal axis having angles 0°, 45° and 90° with respect to the building
plane. All the samples were post‐processed by heat treatment, shot‐peening and machined.
The samples were tested according to the ISO 1143 standard [2].The hourglass shape of the
samples with 6 mm diameter at the gauge and 10 mm diameter at the head was chosen as
the smallest shape recommended by the standard. All the tests were performed under
reverse bending load (stress ratio R=‐1) at the frequency of 60 Hz for a life duration of 10
million cycles. The curves for finite life domain were calculated using ISO 12107 [3], and an
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estimation of the fatigue limit was made by Dixon method [4]. Dixon method enables
estimation of fatigue limit for a small set of samples (two to six).

Figure 1. Comparison among the fatigue limits
for MS1 maraging steel

Figure 2. Comparison among the fatigue limits
for PH1 stainless steel

Obtained results show that the building orientation has no significant influence on fatigue
strength of MS1 maraging steel samples. Fatigue limit were estimated to be close to 30% of
ultimate tensile strength for this material (Figure 1.). On the other side, the samples made
from PH1 slanted samples have 20% higher fatigue strength in comparison to the horizontal
and vertical samples (Figure 2).
The obtained results suggest that the part orientation during production of parts made from
MS1 does not have influence on fatigue limits while, for parts produced from PH1 stainless
steel may influence on the fatigue limits.
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The CAD modelling which we will achieve in our article is applied for simulation of the
surgical procedures: Closing High Tibial Osteotomy.
A correct alignment of the bones of the human lower member is defined by collinearity of
the line segments which unite the centre of the hip joint, the centre of the knee articulation
and the centre of the ankle. Any swerve from this collinearity becomes an axial deviation.
The main cause of this deviation is unicompartimental ghonartrosis. The effect of this malady
is the wear of the articular cartilage which leads to an incorrect loading of the knee and thus
to the appearance of the deviations. One of the most common surgical procedure used to
correct these axial deviations is the surgical technique called High Tibial Osteotomy.
Tibial osteotomy is a surgical technique that involves creating a bone wedge at the proximal
tibia level to realign the bones of the lower limb. High tibial osteotomy can be of closing or
of opening. Both surgical techniques have advantages and disadvantages.
Taking in account the fact that the closing wedge osteotomy has the important advantage
of a more accurate correction with less morbidity, the 3D CAD parameterized modelling
of this surgical technique was achieved in this paper.
For the knee affected by axial deviation, the mechanical axis of the leg does not cross the
middle of the knee and it is closer to the medial zone of the knee, aspect which needs to be
corrected. Generally, patients with ghonarthrosis have a predisposition to a new axial
deviations. For this reason the goal of the closing high tibial osteotomy is to lead the
mechanical axis of the leg not in the neutral position (50%) but in the point corresponding
to the 62.5% of the tibial plateau width. The angle of the correction α is formed by the lines
run from the point situated at the 62.5% of the tibial plateau width to the centre of the hip
and centre from the ankle.
The establishment of the hinge point CORA is made close to the border of the tibia so that
the angular rotation is realized. The first cutting plane is placed parallel to the tibial plateau,
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2–2.5 cm below the articular joint line, taking in account the inclination of the tibial plateau.
From the bone’s lateral it is recommended to leave a distance of 5‐10 (mm). The second
cutting plane is a normal plane on frontal plane of the knee and makes the correction angle
with the first cutting plane. CORA is a line situated at the intersection of the cutting planes.
The presentation of the geometrical elements mentioned above highlights a part of the
geometrical parameters which are important for achieving the intervention. These are: the
correction angle α, the placement of the hinge point or CORA. So that these parameters are
easy to control a parameterized modelling was proposed in the article, with wide possibilities
of customising the tibia closing osteotomy.

Figure 1. Achieving the closing wedge

Figure 2. V1=8 mm, V2=14 degree

First steps in our CAD modelling is the creation of planes and lines which help us create and
simulate the HTO surgery. These planes are: the sagittal plane of the tibia, the plane which
highlight the posterior tilt with a 7o angle of the tibial plateau and another plane
perpendicular on the last.
The next step is the execution of the relieving stress hole in the hinge (CORA). This step
consists in making a hole which has a double role: eliminating the stress concentrators from
the bottom of the osteotomy wedge and limiting the lateral cutting plan. For this a first
sketch was made in order to determine the position of the CORA in accordance with the
geometrical references presented in the above. The method of modelling that is presented
appears complicated but it was created in order to offer a high degree of generality to the
model.
The last step is the execution of the closing wedge. Correction angle could also be a variable
parameter. In the figure 1 the tibia prepared for closing high tibial osteotomy is shown.
The 3D generalized model allows us to obtain a multitude of cutting possibilities only by
modifying the presented parameters. In this case for closing high tibial osteotomy the most
important parameters could be the position of CORA related to the tangential plane of the
lateral cortical surface of the tibia V1(with values 8, 10 and 12 mm) and the correction angle
V2 (with values 6, 10 and 14 degrees). In the figure 2 the simulation of closing high tibial
osteotomy for V1=8 mm and V2=14 degree is shown.
The generalised CAD models developed in this article will be used in the further FEM
researches in order to establish the best way to perform the surgical procedure CLOSING
HIGH TIBIAL OSTEOTOMY.
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3D printing enables fabrication of complex 3D structures, by depositing layer upon layer of
the material, based on the virtual design of the structure. It belongs to the additive
manufacturing (AM) technologies. Process involves adding material, such as liquid or powder
layers. One of the main advantages of 3D printing is the ability to produce highly complex
structures, from both aspects of design and used materials, based on the CAD model.
One of the mostly utilized polymer materials in FDM 3D printing is polylactic acid or
polylactide (PLA). It is low cost material, based on plant starch, and as such is biocompatible.
It is widely used in medicine, but also in industry as the replacement of the conventional
polymers.
This paper presents the process of design and fabrication of small load bearing structures by
FDM 3D printing and verification of its mechanical properties, by using PLA filament. The
parameters of the sample print and the setting of the printers have been analysed. Three‐
point bending test was used to determine mechanical properties of the fabricated elements.
Process parameters and results are analyzed.
Three‐point bending test was realised at CT3 Texture Analyzer. The instrument has
calibrated load cell with maximum load of 500 N with accuracy of 0.5 %.
Test parameters can be monitored in real time within in‐built software: load influence on
displacement over the test time. Test data are recorded in real time, according to the
frequency sampling setup at the beginning of the test. Recorded data enables calculation of
stress, strain and strain rate. The sample was tested by placing it on two roller bearings.
Speed of the indent was 0.1 mm/s in both directions (in compression and withdrawal
regimes) and the compression was stopped and indenter started to withdraw, when
specified displacement is reached. Threshold displacement was 17.3 mm, as measured from
the horizontal bottom line and the test was stopped when this deflection was reached.
After the bending test is finished, the sample tends to go back to its original shape after
deflection, but some deformation stayed, thus showing that this test load resulted in
164

deformation beyond the elastic limit of the material. The final bending angle was 12°, after
material relaxation..

Figure 1. Changes of the bending angle as the function of the compressive load, during
the three‐point bending test

Figure 2. Flexural strength of PLA sample during three‐point bending, as the function of
the sample deflection
PLA beam was fabricated by 3D printing (FDM), with printing layer of 0.1 mm, and it showed
satisfying mechanical properties, under three‐point bend testing. Samples were printed with
100% infill and resulting flexural strength was 214 MPa. Elastic limit of the material was
reached at around 24N, with bending angle at that point around 12.5°*(Fig. 1 and Fig. 2).
The final bending angle of the sample beam was 12°, after material relaxation and finished
testing. Experimental and numerical values of the final bending angle were compared and
they were in accordance to each other. Infill density during 3D printing significantly influence
the resulting mechanical properties and further work will include variation of this parameter
to determine closer dependences and provide optimal 3D printing parameters from aspect
of mechanical properties of the final object.
Acknowledgments. This work is supported by the national projects III41017, III41007,
ON174028 and TR35021, financed by the Ministry of Education, Science and Technological
Development of the Republic of Serbia.
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In work, the modeling of a three‐dimensional temperature field in a butt welded joints of
two 6060 aluminum alloy sheets using Finite Element Method is presented. Welding tests of
single pass butt welded joint of 6060 aluminum alloy sheets were carried out using two
methods (in the argon shield): GTA (Gas Tungsten Arc) and GMA (Gas Metal Arc). The
welding process involved the manufacture of a butt joint of two 6060 alloy sheets with
dimensions of 200x60x5 mm by GMA welding and sheets with dimensions 244x110x4 mm
by GTA welding.
In computation of temperature field, the Goldak's double ellipsoidal heat source model has
been used. The thermal‐mechanical properties of the material were assumed to depend on
the temperature. The Workbench, DesignModeler, Mechanical, Fluent and CFD‐Post
modules of the ANSYS program were used for numerical simulations. The scheme of single‐
pass butt welding of aluminum alloy sheets is presented in Figure 1.

Figure 1. The scheme of single‐pass butt welding process.
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In the description of the geometry of joints, cube type elements were used, with density of
grid in the heat affected zone. The parabolic shapes of face and root were assumed based
on the literature and results of the experiment. The temperature distributions in cross‐
sections of welded joints as well as welding thermal cycles at selected points were analyzed.
The results of numerical simulations were verified experimentally. The comparison of
experimental and numerical simulations is presented in Figure 2 (for GTA method) and
Figure 3 (for GMA method).

Figure 2. The comparison of calculated fusion zone (left) to the metallographic tests (right)
for GTA welding (141) method.

Figure 3. The comparison of calculated fusion zone (left) to the metallographic tests (right)
for GMA welding (131) method
Comparison of calculated and obtained in the experiment the characteristic limits of heat
affected zones showed satisfactory compatibility. The red color on the left shows the area
in which we reached the temperature above the solidus where the material melts. The
difference in dimensions obtained in the simulation with respect to experimental tests is
below 5%
Numerical simulations of the temperature field in welding processes for sheets made of
aluminum alloys allowed to determine the fusion zone of welded sheets in the mentioned
welding processes.
The obtained results are the origin point for the calculation of strain and stress states in the
welding processes considered in the article.
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Industry automation continues. Today, it's not just about using classic automation tools, but
about a flexible manufacturing system. We can now talk about a new generation of
intelligent manufacturing systems.
This new manufacturing paradigm involves a high degree of production automation as well
as all processes related to production.
This means that on the one hand (the hardware part) is a highly automated production
system on which its various parameters relating to the production itself are constantly
monitored, as well as those related to the system's own operation (for example oil
temperature, bearing vibration and others).
On the other hand, the software section is an intelligent control system that can handle all
of these data and make decisions based on both the production and the manufacturing
system itself. (for example, schedule individual activities for regular maintenance, customize
the production process to the current system status, and more).
These two parts together form an intelligent manufacturing system that can flexibly respond
to and adapt to the current situation.
Machining process monitoring and control is a core concept on which to build up the new
generation of flexible self‐optimising intelligent NC machines. In‐process measurement and
processing of the information provided by dedicated sensors installed in the machine,
enables autonomous decision making based on the on‐line diagnosis of the correct machine,
workpiece, tool and machining process condition, leading to an increased machine reliability
towards zero defects, together with higher productivity and efficiency. This new generation
of manufacturing systems is characterized by the use of a large number of different sensors
that constantly gather information about the system itself and its surroundings. These
sensors are located in individual production machines as well as in all production system
accessories.
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In 2013, Germany unveiled its Industry 4.0 strategy, which directed a great deal of global
attention to the advances in manufacturing systems technology. In the United States, the
government launched the Advanced Manufacturing Partnership (AMP) in 2011. Since then,
many other initiatives have been rolled out, including the Advanced Manufacturing
Partnership Steering Committee “2.0” in 2013; the National Network for Manufacturing
Innovation (NNMI) in 2014; and the Revitalize American Manufacturing and Innovation Act,
which was signed into law by the President of the United States in December 2014. Most
recently, Manufacturing USA was officially launched by the US government in order to
further “leverage existing resources... to nurture manufacturing innovation and accelerate
commercialization” by fostering close collaboration between industry, academia, and
government partners. In 2015, the Chinese government officially published a 10‐year plan
and roadmap toward manufacturing: Made in China 2025. The largest international
collaborative program, Intelligent Manufacturing Systems (IMS), which is led by Japan, is also
rolling out a roadmap for its next step with its IMS2020 project.
Intelligent capability refers to three functions, which operate in an analogy of a human body:
sensing, decision‐making, and action. With today’s rapid advances in sensing and control
technologies, there is no lack of sensors or actuators in manufacturing systems.
The challenge is how to process information and knowledge so that the right decision can
automatically be made by a computer at the right time and in the right location, with little
or no human intervention. New technologies are emerging in this areas, such as big data
analytics, machine learning (ML), and cloud computing, which provide great potential for
enhanced intelligent capability in manufacturing.
Intelligent manufacturing is a progressive building of integrated production management
that connects all technological aspects (sensor use, process control, IT systems, production
planning, ...) with the addition of intelligence through modelling, advanced management
including cognitive automation concepts, diagnostic tools. Optimization, simulation, and
expert knowledge are in harmony and interaction with human intelligence.
The concept of intelligent manufacturing remodels the ability of decision support systems to
form generative systems that can acquire knowledge, learn, and adapt to changing
environments and the actual composition of system components. A characteristic of smart
production is the ability of the system to learn as well as the ability to obtain the information
needed to manage an integrated production system.
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In this paper the analysis of welding technology to mechanical properties of welded joints at
high strength low alloyed steel S690QL is presented. Experimental testing was done at
models with V‐groove butt joints that are done by MMA or MIG for root pass and MAG for
other passes of multipass welded joints with related parameters and consumables. Yield and
tensile strength, so as answer to load of models are determined experimentally in order to
analyses the effect of welding technology to resulted mechanical properties. On the basis of
the obtained results it can be concluded that welding parameters have significant influence
to mechanical properties of welded joints at high‐strength low‐alloyed steel. Furthermore,
it can be concluded that welded joints with root pass done by MIG and other passes by MAG
provide better mechanical properties. Presented research point out that welding
parameters at high strength low alloyed steels must be selected and controlled precisely to
obtain welding joints with adequate mechanical properties. Welding, as dominant method
of joining, is primary factor that provide beneficial application of high‐strength low‐alloyed
steels. The paper highlight the influence of material degradation due to welding. This paper
point out the importance of analyzing the welded joints at different levels of dimensions,
while further, more detailed, research can be continued through development of a
numerical model of the welded joints which will complete the experimentally obtained
results. As experimentally obtained results correlate to material degradation due to welding
it is implicated that future development of high‐strength low‐alloyed steels must be followed
with development and modification of welding processes.
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Figure 1. Histograms of yield and tensile strength of tested specimens.
Present norms and standards of welding joints design at high‐strength low‐alloy steels are
based on heterogeneous backgrounds. Limitations are established during design process
from different reasons in order to provide welded joint with adequate mechanical
properties. Improving resistance of welding joints to forming of defect and inclusions are
based on relaxing residual stresses, reducing hydrogen content and obtaining preferred
thermal cycles. Zones of welded joints by nature as zones of conditional material
discontinuity caused multiple stress concentrations. Redistributions of stresses have local
characters. Stress concentrations at welded joints, usually caused increase of stresses, but it
can also relax stress‐strain state. Experimentally obtained results of mechanical properties
showed that both considered MMA/MAG and MIG/MAG welding caused comparable stress
concentration. Residual stresses at zones of welded joints are consequence of interaction
of different phenomena caused by welding. The basic mechanisms that caused residual
stresses at welded mechanical constructions are identified, but estimate of values and
distribution is very complex. Mechanical answer to load and values of yield and tensile
strength of tested specimens showed that level of residual stresses at considered welding
processes are equal. Welding consumables for root pass done by MMA and MIG process
with low strength and high plasticity provide relaxing of residual stresses. Solidification
processes, mean processes of microstructural transformations under thermal cycles due to
welding are most important factor that influent to final microstructure of material at zone
of welded joints. Those factors are very similar for both of considered welded processes
MMA/MAG and MIG/MAG. Those relations are in focus of research presented in this paper
on qualitative level.
From the practical aspect, mechanical characteristics and properties of welded joints at this
steel grade is crucial. Joining by welding at high‐strength low‐alloy steels is complex process
with large number of influential factors. Producers of high‐strength low‐alloy steels due to
importance and complexity of welding and sensitivity of those steels to welding also
recommend welding processes and parameters.
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A development of a robot control system is a highly complex task, and many advanced
control strategies have been used for the purpose of overcoming nonlinear dynamic
coupling between the robot links and uncertainties in robot dynamics. Factors such as
characteristics of the mechanical design, applications for which the robot is designed,
applied actuators, and implementation requirements have great practical value to a choice
of the potential control strategy. The spatial disorientation trainer (SDT), Fig. 1, is a modern
combat aircraft pilot training system which examines a pilot's ability to recognize unusual
flight orientations, to adapt to unusual positions and to persuade the pilot to believe in the
aircraft instruments for orientation, and not in his own senses. This device is modeled as a
4DoF robot manipulator with revolute joints. Regarding a choice of a control strategy for the
SDT, given that advanced robot control strategies often entail difficulties in implementation,
prospective benefits of their application compared with traditional control approaches need
to be analyzed using proper simulation techniques. Herein, computed torque (CT) control, a
single joint feedforward control method that implies cancelation of nonlinear coupled terms
in robot dynamic model, is considered for tracking of SDT’s time‐varying trajectories. The
performance of the traditional PID controller is compared to CT compensation added to the
feedback controller in Simulink. Model of the motor’s mechanical subsystem takes into
account inertia reflected on the rotor’s shaft (effective inertia), calculated from the inverse
dynamic model of the SDT for the programmed trajectory of the device. The structure of PI
speed controller and limitation of its gains in the simulation model is performed to achieve
the fastest response without overshoots and without exciting resonances of the mechanical
structure for all possible values of effective inertia. Gains limitation of PI speed controller
takes into account the lowest structural natural frequency of the SDT device calculated using
CAE software, and saturation is applied at the outputs of controllers on the bases of
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maximum torques that chosen motors can achieve. Within CT compensation, the error in
load torque calculation from the dynamic model is assumed to be 5%. The reference speed
values are given as a series of discrete values obtained from the trajectory planner.

Figure 1. SDT with 4DoF designed in Catia software
In Fig. 2a, trajectory tracking for axes k=1, 2.. 4 using two considered types of controllers are
presented. Reference values are given in blue, the controlled process variables obtained by
PI speed controller and by CT compensation added to PI speed controller are given in red
and green, respectively, and the obtained errors are given in Fig. 2b in the same colors.

Figure 2. a) Reference and achieved speeds obtained using considered controllers in
Simulink, b) Errors in speeds obtained using considered controllers in Simulink
The addition of the CT compensator to the PI speed feedback controller achieved
considerable improvement in trajectory tracking in simulation example, for a typical SDT
motion. The simulation results are significant regarding the choice of a control method for
the SDT, but are also useful regarding the design of the mechanical structure of the
manipulator, and consequently the appropriate choice of motors.
Acknowledgments. This research has been supported by a research grant of the Serbian
Ministry of Education, Science and Technological Development under numbers TR 35023
and TR 35006.
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Metal foams are relatively new and advanced materials with high stiffness to weight ratio,
good thermal conductivity, good acoustic insulation and excellent energy absorption
capability which make them ideal materials for a variety of applications. Closed cell metal
foams are produced by various methods, but the key step of their manufacture is the
inclusion of air in the metal structure. The fact that gas pockets are present in their structure
provides an obvious weight advantage and other favourable physical, mechanical, thermal,
electrical and acoustic properties. Although metal foams are popular, they are still not
sufficiently characterized thanks to their extremely complex structure which is highly
stochastic in nature. In this research the influence of the technological parameters on the
structure is analyzed. In laboratorial circumstances the production of closed cell aluminum
foams depends on several factor. The purpose of the research is to analyze the human factor
on the quality of the metal foam specimens.
In our experiments, for the raw material the F3S.20S (AA 359/SiC/20p) aluminum‐based
metal matrix composite with up to 20% silicon carbide (SiC) particles were used. The most
useful features of Duralcan® composites are their high strength, stiffness, wear resistance,
thermal conductivity, their improved elevated temperature tensile and fatigue strengths and
their low density and coefficient of thermal expansion. The silicon carbide particles are
sufficient for viscosity modification. The foaming agent was the titanium hydride.
For the quality of the metal foam specimen (e.g. structure, specimen size, compressive
properties) the human factor has great effect. At all experiment the temperature when the
TiH2 is added was 750°C, while the percentage of the TiH2 to the raw material was 1,5%. The
mixing was made manually and human precision was also a factor in the adjustment of
cutting cube specimens. After the foaming and cooling processes the samples were cut in
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30x30x30 mm3 cubes. All the investigations were done according to the ISO 13314. To
provide information from the cell distribution digital quantitative image analyses were
performed using macroscopic records from the specimen’s surfaces.

Figure 1. Aluminum foam samples
Applying surface analysis from macroscopic images and the ImageJ software the area
percentage of the cells and the number of the cells for all faces of the specimen can be
calculated and determined. It can be stated that the above geometrical properties highly
depend on the mixing and from where the specimens are cut from the produced sample. All
of those have effect on the compressive properties of the aluminum foams.
The compression tests were performed on an INSTRON 8874 type universal testing machine
at room temperature. The compression tests were carried out with the application of
lubricant. The deformation rate was maintained in quasi‐static condition at 8.7mm/min.

Figure 2. Force‐dispalcement curves of the specimens
The force‐displacement curves show great deviation thanks to the different geometrical and
structural properties of the specimens. The deviation can be observed even in the elastic
region of the force‐displacement curve which is an essential part for application purposes.
This deviation can be explained with the several manual manufacturing steps. The cellular
structure of our specimens is not enough homogeneous, so for the future we are planning
to change the technological process to more automated, using machines, particularly for the
mixing process.
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Currently, the process of manufacturing the goods and then distributing them to the
customer is constantly optimized, accelerated and automated. For these aspects, goods
handling, and automated storage play a key role. This article focuses on designing and
optimizing the mechanisms that are parts of vending machines. As the proposed
mechanisms are designed primarily for vending machines and pharmacies, specific
requirements that are part of the environment need to be taken into account. Handling
mechanisms are primarily intended for supplying and dispensing objects. When designing
extractors, it is necessary to pay attention to the shape, weight and other associated
operations. When designing the mechanism for supplying the dispenser and for dispensing
objects from the dispenser, it was mainly based on the shape diversity of the medicines. For
this purpose, we have communicated with pharmacists and worked closely with pharmacies,
conducted a survey, and developed an extensive list of the most widely sold drugs.
Pharmacies have been involved in the research to provide us with their data. It has also been
shown that the marketing of drugs and, in particular, their species is different from the
season. For these aspects, a consensus has been created that meets market requirements.
Partial goal of data collection was also input conditions for solving problematic packaging
forms of some types of drugs.
It has also been found that it is not possible to automate the sale of all kinds of drugs in the
present automated device. According to the drug sales list, a formula has been created
according to which the design of extractors has started. In general, drug vending machines
can automate the sale of 80% of the drugs offered on the market. However, this number
may increase over time as mechanical principles are constantly innovated, and drug
manufacturers will also consider the shape and packaging of the drug. However, we expect
that within a few years we will see more than 90‐95% of all drugs automated. The following
figures show conceptual designs of a feed extractors (Fig. 1) and a dispensing extractors (Fig.
2).
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Figure 1. Design of feed extractors with suction and scissors mechanism (a), extractor with
forks and slider (b)

Figure 2. Design of dispensing extractors with “thumb mechanism” (a), suction cup and slip
surface (b)
After analyses and calculations, prototypes were produced and tested in practice. We found
out that currently the most suitable extractors are extractor with fork and slider for feeding
the vending machines and extractor with “thumb mechanism” for dispensing the medicines
from gravity shelves.
The article reflects the issue of medicine storage in automated devices. The results of a
survey conducted in pharmacies have produced statistics on medicine storage options.
Acknowledgments. This publication is the result of the Project implementation: Competency
Centre for Knowledge technologies applied in Innovation of Production Systems in Industry
and Services, ITMS: 26220220155, supported by the Research & Development Operational
Programme funded by the ERDF.
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In recent years great attention is paid to aluminum nanocomposites strengthened with
particles due to application in the production of parts in the automotive and airplane
industry. Metal matrix nanocomposites are a new class of materials that contain a nano‐
level reinforcement (1‐100 nm), e.g. nanoparticles that are often used as an reinforcement
in order to achieve superior mechanical characteristics. Based on mechanical characteristics
such as hardness, elasticity, elongation, density, porosity and tensile strength, overall
characteristics of the test materials are obtained.
The mechanical properties of the nanocomposite and the A356 alloy are tested by
penetrating the surface of the test sample. The computer‐assisted device for testing of the
mechanical properties of the tested materials is Nanoindenter and Micro Scratch Tester.
Technical specification of the used nanoindenter is: maximum load 500 mN, load resolution
0.04 µN, maximum depth 40 µm (optional 200 µm), depth resolution 0.04 nm and movement
of measuring table XY, 150 x 80 mm. During these tests, Berkovich's three‐sided diamond
pyramid was used as an indenter. Experimental tests were carried out in the conditions
shown in table 1. The chosen type of test is in the form of a matrix, and it is 3x3, which means
tests were carried out in 9 points. With this device is possible to continuously measure
normal load and movement of the indenter during the hardness testing.
During nanoindentation the following parameters were used: Normal load 50 mN, Maximum
load holding time 5 s, Loading speed 100mN/min and unloading speed 100 mN/min.
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As the results of nanoindentation a number of representative values can be obtained, in this
paper the following will be shown: hardness (HV), elastic modulus (E) and value of maximum
indentation depth (hmax). Also, based on the measurements carried out, in figure 1, the
diagram of indentation is shown, which represents the dependence of the normal load of
the indenter and the maximum depth of penetration.

Figure 1. Nanoindentation curves for nanocomposites with
SiC reinforcement and A356 alloy.
Based on the curves obtained by nanoindentation of samples of A356 alloys and
nanocomposites with reinforcement content of 0.2, 0.3 and 0.5 wt.% SiC, it can be noticed
that the obtained values of the hardness of the nanocomposite are higher compared to the
base alloy.
Hardness tests were conducted with the aim of analyzing the effect of nanoparticles of
silicon carbide as a reinforcement in the A356 base. Based on the obtained values of the
hardness in surface layer of the nanocomposites, a noticeable increase in hardness was
observed in comparison to the base alloy of the nanocomposite. Increasing the
reinforcement content of 0.2, 0.3 and 0.5 wt.% increases the hardness of the
nanocomposites ∼131, 133 and 134 Vickers, respectively. Also, it can be concluded that the
elasticity of the material decreases with the increase of reinforcement content. When
comparing the hardness and elastic modulus of the tested nanocomposites there is a small
deviation in the results, which is due to the small difference in reinforcement content in the
nanocomposites.
However, it has to be noted that the extreme values obtained for eutectic silicon have not
been taken into consideration and this requires additional research because it has an
impact on the hardness values of the surface layers of the material.
Acknowledgments. This work was funded by the Ministry of Education and Science of the
Republic of Serbia under the number TR‐35021, Development of the tribological micro/nano
two component and hybrid self lubricating composites.
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Coatings are applied to the original material surface and typically have a different chemical
composition and structure than the base material, what creates an interface, which can
create problems when applying the coated steels in different technologies. The laser beam
cutting technology was earlier considered as inapplicable for cutting of the steels coated
with zinc. Here are described two procedures for the laser cutting of the Zn coated steel,
with two different assist gases (N2 and O2) and properties of the surfaces thus layered are
compared.
The laser cutting parameters, set for cutting of the DX53D galvanized steel are: the cutting
speed, the laser beam power, rounding of sharp geometric shapes at border points, the
distance of the ignition from the cutting line, method of onset from the inflammation site to
the cut curve, procedure of processing the parts, way of creating the inflammation for small
contours, the cutting pressure, the type of the assist gas, change of the used nozzle's cross‐
section, position of the focus point of the laser beam.
The experimental measurements were designed to present the interaction between the
amount of the heat input into the cut material and amount of the degraded and sublimed
zinc coating material from the vicinity of the cut. In the first phase, the width of the degraded
and sublimed zinc coating was measured by a confocal microscope (Figure 1) and in the
second phase the immersion corrosion test (70 days in the 3% NaCl solution) was performed.
Graphical comparisons of the width of the degraded and sublimed zinc coating
dependence on the cutting speed is shown in Figure 2.
The N2 assist gas has a beneficial effect on the width of the region of the degraded and
sublimed zinc coating. Its suitability is emphasized due to the large degraded and sublimed
width of the zinc coating layer at the laser beam exit side in the case of the O2 cutting.
The smallest corrosion attack was at the gas pressure p = 0.5 [MPa] for application of the N2
assist gas and at the gas pressure p = 1.6 [MPa] for the assist gas O2.
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Figure 1. Measuring of the width of the degraded and sublimed Zn coating by use of the
confocal microscope at the laser beam entrance side

Figure 2. Comparison of the width of the degraded and sublimed zinc
coating dependence on the cutting speed for the two assist gases.
Acknowledgements. Research presented in this paper was partially financially supported
through project KEGA 014 ŽU ‐ 4/2016 (K‐16‐00‐00) and by the project of Operational
Program Research and Innovation: "Research and development activities of the University
of Zilina in the Industry of 21st century in the field of materials and nanotechnologies", No.
313011T426, co‐funded by European Regional Development Fund.
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The polymer composite materials are modern materials namely advanced composites. It is
polymer matrix composites materials in which the polymeric matrix is reinforced with
particles. Products of cast polymer composites can be grouped into three categories:
engineered composites, solid surface materials and engineered stone. Products of this
composite material are distinguished by the materials polymer matrix and type of filler and
manufacturing methods used. The paper presents and explains the most common
manufacturing method used: gel coated cultured stone modeling and solid surface
modeling, with a brief review on design possibilities in interior environments. The paper
provides an overview of mechanical and physical properties the cast polymer composite
materials. Volume fraction or filler concentration, kind of the particles reinforcement, and
particle size, shape of the articles and the interfacial adhesion between the matrix and the
particles are the major parameters that influence the mechanical properties of the polymer
matrix composites reinforcement with particulates. There are differences between products
made with acrylic and polyester of resins. Some of the differences are shown in table 1 for
the solid surfaces.
The products of these materials are used for equipping the interior environment – kitchen
(figure 1), bathroom (figure 2), laboratory, etc. kitchen sinks, countertop, washbasins,
bathtubs, shower tub, sanitation are just some of the products that can be made by these
materials. Chemical‐resistant materials are therefore used to equip laboratories and
kitchens in restaurants. Cast polymer composite materials can use for fabricating products
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that are reliable and meet almost all design criteria, some of the designs solutions are
presented in the paper.
Table 1. The differences properties solid surface products made with acrylic and polyester
of resins
Type
resin
Acrylic
Polyester

Surface
hardness
Good
Better

Colour
fastness
Better
Good

Water
absorption
Better
Good

Fire
resistant
Good
Better

Chemical
resistant
Good
Better

Heat
resistant
Good
Good

Figure 1. Applications the cast polymer composites materials in the kitchens

Figure 2. Applications the cast polymer composites materials in the bathrooms
Modern composites become competitors due to the possibility of modeling different design
products. Colour, textures and design flexibility of modern polymer composites materials
are key factors when choosing materials for large design projects. Further research of these
materials is carried out in order to improve their mechanical properties.

Acknowledgments. This paper presents the research results obtained within the framework
of the projects TR35021, TR35033 financially supported by the Ministry of Education, Science
and Technological development of the Republic of Serbia.
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Frequent premature damages and fractures of components or the whole structure of
bucket‐wheel excavators at open‐pit mines occur in exploitation. That is explained either by
inadequate design and construction or by insufficient knowledge of the material properties,
welded joints or oversights in manufacturing. Besides the direct losses due to damage or
fracture of the excavator, the disruption in the power production and supply can cause
significant indirect losses. The considered bucket‐wheel excavator was employed for 5000
hours, when the fracture of the tooth of the girth gear, which enables the circular motion of
the excavator's upper structure, occurred. The gear was made of the cast steel GS 40
MnCrSi3 V. To predict the cast steel resistance to crack propagation, the fracture parameters
were calculated, namely the critical value of the stress intensity factor – the facture
toughness KIc and the critical crack length acr, based on the obtained values of the material's
impact energy and the yield stress, according to the Barsom‐Rolfe model. The calculated
value of the critical crack length was 61.9 mm. After the necessary calculations, the
reparatory surface welding technology of the fractured tooth has been proposed. Due to the
complex construction solution of the girth gear and its function in exploitation, it was
necessary to precisely define a large number of details and carefully consider and execute
all the operations in the methodology of manufacturing the new tooth. This was an
imperative in order to ensure the safety of the repaired girth gear exploitation, since the
smallest oversight, underestimate or improper execution could cause serious problems in
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operation of the BWE as a whole. This is the reason why the preparation procedure for the
hard‐facing technology is presented, as well.
First, the weldability of the cast steel was determined by using various equations. According
to equivalent carbon formula of the International Welding Institute, for maximal value of the
chemical elements composition of the GS 40 MnCrSi3 V, the limiting value for the good
weldability of this material is greater than 0.45. The value obtained by the Ito‐Bessyo formula
also surpasses the limiting value for the good weldability of 0.30. Based on the obtained
results, it was concluded that this steel is prone to cold cracks appearance, what prompted
the necessity for the hard‐facing of the broken tooth to be performed with preheating and
controlled cooling. In addition, according to formula for the Hot Cracking Sensitivity (HCS) it
was established that this material is prone to appearance of the hot cracks, as well, since the
obtained value for the HCS is less than 4, which is the limiting value for this type of steels
with tensile strength of about 700 (MPa). After the detailed investigation of weldability, the
hardfacing procedure was proposed, as well as all the preparatory and depositing
operations. Due to the girth gear construction (dimensions and mass) and conditions of the
hard‐facing execution without the heat treatment, for the filling volume greater than 500
(cm3), the recommended preheating temperature is within range 100 to 150 ºC. Depositing
of the first layer was executed by the austenitic electrode E 18 8Mn B 22, while the second
layer was deposited by the basic electrode E 1‐UM‐300 (DIN 8555). After the hard‐facing,
machining of the gears to measures defined by the coordinate measuring device was
performed in accordance with clearances (tolerances) prescribed by the excavator
manufacturer's documentation.
Reparation of the girth gear tooth of the bucket wheel excavator SRs 2000×32/5.0 by the
presented methodology was executed in 2013. The time gap of about 5 years, from the
performed reparatory hard‐facing to preparation of this paper, appeared due to the fact that
the repaired girth gear's behavior was monitored in exploitation. Considering that the new
tooth fractured after only a year in operation and that the repaired excavator is still in
operation at the open pit mine "Kostolac" (Serbia), it can be concluded that the reparation
was successful. It should be emphasized that in this way the large financial effect was
realized as well, since the construction of the new girth gear would cost over 500.000 €. If
the time, needed for manufacturing the new girth gear, which is about 6 to 9 months, would
also be included in this calculation, as well as effect of the electric power that would not be
produced in such a long period, the total positive financial effect is about 8.000.000 €.
The presented methodology of the reparatory hard‐facing, as well as the welding procedure,
can be applicable, with necessary adjustments, for recovery of other parts and structures of
the bucket wheel excavator at open pit mines.

Acknowledgments. This research was partially financially supported by the Ministry of
education, science and technological development of Republic of Serbia through grants TR
35006 and TR 35024 and by the project of Operational Program Research and Innovation:
"Research and development activities of the University of Žilina in the Industry of 21st
century in the field of materials and nanotechnologies", No. 313011T426, co‐funded by
European Regional Development Fund.
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The aim of mechanical classification (screening) is to divide particulate material into groups
of grains according to their sizes. For this purpose, sieves are equipped with either one or
several screens. The selection of a correct sieve for a given particulate material determines
the course of screening. The term screening is usually used for continuous sizing operation,
while sieving usually means a batch process.
Many factors have been identified that affect the screening, including the size and shape of
particles relative to the aperture of the sieve, the mesh size of the sieve itself, amount of
material on the sieve surface, direction of the sieve movement, rate of the material
movement relative to the sieve surface.
The spherical gun‐powder is the nitro‐cellulose gun‐powder. The basic component is the
nitro‐cellulose to which the nitroglycerine and stabilizer diphenylamine are added. The
whole production process is rigorously controlled, while all the tests are carried out on a
daily basis, on the state‐of‐the‐art devices, both in laboratories and on the testing grounds.
The average sieving area (screen) can be made in different ways and from different
materials, depending on the material being sown. For screening of the spherical gun‐
powder, the most commonly used are steel screens with square or rectangular openings.
The sieve represents the wires interlace, which is formed by joining the two systems of wires
by weaving, namely by alternate interlacing of the base and weft wires at a right angle.
The vibration sieve is an above resonant sieve with circular vibrations. Due to the increased
impact oscillations, when the spherical gun‐powder is poured onto the vibration sieve,
stretching, breaking, damage in some places and, in the worst case, breaking of the sieve
occurs. The mechanical characteristics of the sieves ‐ stretching (extension) of the steel sieve
is analyzed in this paper. The two metal single‐layered sieves were used in this experiment
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of the same type ‐ TYPE 110, but with different numeration, Table 1. Material for all the wires
was WNr. 1.4301.
Table 1. Basic data on two types of sieves.
Sieve Type 1
5
0.5
5
0.5

Base number No (wires per cm)
Base wire diameter (mm)
Weft number Nw (wires per cm)
Weft wire diameter (mm)

Sieve Type 2
30
0.15
30
0.15

Test results are given in Table 2 and Figure 1. The data recorded during the test were: a0 –
sample thickness , b0 – sample width, L0 – sample length, Fmax – maximum force, Fbreak –
breaking force, Fmax – extension at maximum force and break – extension at break.
Table 2. Test results
b0
L0
Fmax
Fbreak
a0
Break Fmax
Sieve
Sample
type
number mm mm
mm
N
N
%
%
1
0.3 1.1 150.20 2064.08 1928.44 21.84 21.56
No. 1
TYPE 110 No 5
2
0.3 1.1 150.34 2218.06 2205.97 22.17 22.06
1
0.3 30
150.19 1077.95 969.28
6.32
6.08
No. 2
TYPE 110 No 30
2
0.3 30
150.12 1160.74 1151.64 9.19
9.12
From obtained results one can see that the sieve of type 1, i.e. TYPE 110 N05, has bigger
extension for about 50 % and 50 % bigger breaking force that the sieve of type 2, i.e. TYPE
110 N030. Out of the two tested sieves, the better one to be used is the sieve with the
smaller wire diameter and the higher number, i.e. the sieve of type 2 TYPE 110 N030.
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Figure 2. The stress‐strain diagram for the sieve TYPE 110 N05 (left) and sieve TYPE 110
N030 (right).
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Contemporary development of technology and process automation, has increasing need for
the development of efficient and economical systems for monitoring production processes
and devices. Because of the fact that measurement and monitoring systems have a very high
cost an ideal platform for beginners in processing digital signals is Arduino. In 2015 average
price for Arduino platform was between 20€ and 52€.The Arduino can be programed with
Arduino Integrated Development Environment (IDE) which uses C and C++ programming
languages. There are available libraries and open‐source codes for large number of sensors
to extend the basic capabilities of this controller. In this case Arduino platform will be used
for measurement digital and analog signals. An appropriate example of measuring analog
signals is measurement of weight. An appropriate example of measuring digital signals is
obstacle detection. Obstacle detection is a requirement for many automated systems, in
order to detect the presence or absence of elements important for the operation of these
systems. Such systems can be diverse, from the system for filling packaging, determining the
position of work pieces or the machine elements to the counting system and interacting with
the user. The variety of automated systems is followed by the development of sensors that
follow their requirements. The aim of this paper is to explain how it is possible to measure
digital and analog signals using Arduino platform. Chosen microcontroller is Arduino Uno R3.
For the measurement of analogue signals, it is used measuring cell up to 10 kg, so in this way
the precision of measurement is ± 10 g. To overcome this problem, it was used Hx711 A/D
convertor module with resolution of 24 bits so it can be got more precise results. A coin
which value is 1 RSD was used to check the accuracy of code. According to the data of the
National Bank of Serbia this coin has a weight of 4.20 grams. The results for weight
measurement of coin is presented on Figure 1.
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Figure 1. The interface during the weight measurement
To measure digital signals an IR diode sensor was used. The basic elements of IR sensor are:
IR diodes, photo diodes, resistors and additional signal gain elements, LED indicators and
capacitors. Lighting a photo diodes allows the current in the inverse direction that gives the
voltage at the ends of the resistor. Measurement of this voltage determines the brightness
of the diode. One such 5V IR sensor module can be directly connected to the Arduino and
incorporated into the projected system. The base code allows reading the state of the
sensor, and if the presence of an object is detected, the LED on the digital port 13 is switched
on. This code exists in the Arduino's software interface library (IDE). To demonstrate the
possibility of control with Arduino and computer, as well as storage and retrieval capabilities,
the received data is entered in the console. From here they can be easily processed and
saved. If there is no obstacle, on display is shown “0”, if there is obstacle, on display is shown
“1”, interface in this case is presented on Figure 2.

Figure 2. The interface when there is obstacle
The paper presents the basic principles of measurement of different units with the help of
Arduino platform, as well as the principle of connecting and realization of communication of
Arduino with computer in order to acquire data or management of various processes based
on measurement or user command.
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Data acquisition is assumed to mean any measurement or retrieval of data from the
environment with the help of sensors. Engineers and scientists commonly use data
acquisition hardware and software to research through measurement and analysis. How
hardware and software for this purpose mostly have high price, this paper will present data
acquisition with a low‐cost open‐source microcontroller. Since its inception, these
microcontrollers are increasingly being used in research across the World in almost all fields
of science.
The concept of acquisitions mainly refers to the collection of data and their storage. The data
obtained can be stored for subsequent analysis or can be directly used as feedback which
reflects the current state of the system in automatically controlled systems, and other forms
of data usage as well as their combinations are also possible.
There are analog and digital sensors with the help of which the acquisition takes place. As it
is possible to use digital sensors to measure periodic events, for example, rotate a disc with
a slot, it is possible to measure some other analog sizes with digital sensors by a certain
procedure and store their values for later processing or use for control.
Depending on the need, the complexity of acquisition and data processing varies, so the way
and time of programming such an application varies from case to case. Different programs
and programming languages can be used to program applications that download and
process data from Arduino, because the programming of this application is completely
independent of the Arduino platform and does not require a special programming language
in order to be achieved. Various software like MatLab, LabView and Mathematica, used for
academic and practical purposes, have the ability to achieve this kind of communication with
Arduino in a direct or indirect way. Using these programs enables easy processing of large
amounts of data, their graphic display and usage. The principle of connecting communication
is very similar and can easily be transferred to an environment that is close to us. For the
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purposes of this work, a programming language with a light syntax for understanding will be
used, it is about Visual Basic.NET, which will show one of the ways of communicating with a
computer, data acquisition and control with the help of Arduino.
The basic components of any data acquisition system are:
o The processing unit or controller.
o Sensors or transducers.
o Signal conditioning circuit.
As a controller it will be used Arduino Uno R3 board.
One digital and one analog sensor will be used. In this case, the digital sensor can be an IR
sensor or a photo resistor, while the weight sensor will be used as a representative of
analogue sensors. Weight sensor will be used to measure mass of RSD 1 dinar coin, which
mass is 4,2g acceding to National Bank of Serbia.
The logic diagram for program code is presented on Figure 1.

Figure 1. The logic diagram for this program code.
Using Arduino as the mainboard, some sensors and computer, we constructed easily scalable
data acquisition and control system which accommodates close range obstacle detection
system by IR or photo sensor, and mass measuring with precision of ±0.2g. System can be
upgraded to read, store and process all different kinds of sensors such as temperature,
acceleration, proximity determination, moisture, gas detection and many more. System has
been proven as reliable source of accurate measurements over a series of tests.
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In the paper designing process of device and mobile application are presented. Oximeter
device is designed to accommodate small dimensions and to allow communication with user
through mobile applications. Android application enables user to monitor results (oxygen
level) and receive notifications based on measured value (low oxygen level).
The main idea behind the project is to make possible for the user to select multiple sensors
and read results using developed application, from any location that have internet access.
Portable device described in this paper is used to measure oxygen level. Main advantages of
this device are small dimensions, ease of use, and the low price that make it available for
larger group of users. This way medical professional can monitor health condition of a
remote patient by using developed android application. The device is especially useful in
monitoring the health condition of unconscious patient, because it does not require constant
presence of the medical professional. The device can be applied on the patient's finger and
in the case of a decrease of the oxygen level, inform the competent person who can respond
in a timely manner. Mobile application allows access to the data measured by the sensor for
any user who has installed application on the Android smart phone. The proposed solution
represents an improved measurement method compared to existing bluetooth‐based
devices. The main advantage of measurement by using ESP8266Wi‐Fi module is the
possibility of remote monitoring and measurement in comparison to the bluetooth device
that requires close proximity of measuring device and measurement point. Methodology
used in this project is mainly based on Photoplethismography(PPG) optical non‐invasive
technique which can detect changes in the blood volume on the micro‐vascular tissue level.
In photopletismography, skin of the finger is lit by the infrared or red‐light LED diode. The
light reflected from the skin surface, is detected by the additional photodiode, which allows
detection of the changes in the blood. Figure 1 shows the networking of the system
elements, with the schematic elements of the device on the left. The device has 3 basic
elements: MAX30100 sensor for blood oxygen measurement, Wemos D1 mini with
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integrated ESP8266‐12f Wi‐Fi module and batteries as a power supply. The user applies the
device by putting it on a finger. The Wi‐Fi module reads data from the sensor, sends it to the
appropriate server, from where the user receives the values through the mobile application.
Values are available for anyone who has access to the application and internet connection.
Remote user can monitor the status of the user who carries devices in real‐time on the
Android device.

Figure 1. Schematic view of the project.
Data is received in the form of a list that may be printed. Also, the name of the sensor, its
measured values, and the notification icons are displayed at the home screen (Figure 2).
The idea is that, depending on the measured amount of oxygen in the blood, a warning signal
(mobile notification) is sent to the user if the level of oxygen falls below the normal limit or
selected threshold. If there is a need to monitor the health condition over a time period, it
is possible to choose sensor from the list menu and print time‐level of oxygen diagram.

Figure 2. Application screens.
Size, price, ease of use are the main features of this device. Displaying the results in real time
via diagrams can be improved by adding an option to store the result history, allowing long‐
term tracking of the desired parameters. Upgrading the application can get a complex
multipurpose product that will be able to send and print results, as well as automatically call
the responsible person in the event of alarming notifications. Further improvement of
proposed solution may include additional options for the user, custom‐made device case
and power supply, and display on the device itself. Further research is needed for better
power supply with longer battery life and smaller size, to enable small size of the device.
193

9th International Scientific Conference
Research and Development of Mechanical
Elements and Systems
Kragujevac, Serbia, September 5‐7 2019

EFFECT OF NANOSIZED PARTICLES ON THE BAINITIC TRANSFORMATION IN
AUSTEMPERED DUCTILE IRONS
Valentin Mishev1, Julieta Kaleicheva1, Viktor Anchev1,
Zdravka Karaguiozova2
1

Faculty of Industrial Technology, Technical University of Sofia, 8 Kl. Ohriski Blvd,
1000 Sofia, Bulgaria, jkaleich@tu‐sofia.bg
2
Space Research and Technology Institute, BAS, Acad. Georgy Bonchev Str.,
bl.1, 1113 Sofia, Bulgaria

Key words: nanoparticles, cast irons, bainite, retained austenite
The aim of this study is to investigate the kinetics of the bainitic transformation, the bainitic
structure morphology in the upper temperature range of the bainitic area, the hardness and
the wear resistance of the austempered ductile cast irons (ADI) containing additives of
nanosized particles ‐ titanium carbonitride + titanium nitride (TiCN + TiN), titanium nitride
(TiN) and cubic boron nitride (cBN).
The samples tested are made of unalloyed ductile cast iron with the following composition:
Fe‐3,55C‐2,67Si‐0,31Mn‐0,009S‐0,027P‐0,040Cu‐0,025Cr‐0,08Ni‐0,06Mg wt. %. During the
casting in the cast iron melt nanosized particles of TiCN+TiN, TiN and cBN are added.
Bainitic cast irons are obtained by isothermal quenching in the upper temperature range of
the bainitic area, including heating at 900°С for an hour, after that isothermal retention at
380°C, 0,5 h, 1 h, 2 h, 4 h, 6 h. As a result of this heat treatment, the cast iron obtains an
upper bainitic structure .The austempered ductile iron samples’ microstructure is observed
by means of an optical metallographic microscope GX41 OLIMPUS. The microstructure of
the austempered ductile irons (ADI) is tested by scanning electron microscopy (SEM) ‐ EVO®
MA10. The hardness testing is performed by Vickers method. The austempered ductile iron
samples are tested by X‐Ray diffraction analysis the retained austenite quantity in the
structure to be defined. X‐ray powder diffraction patterns for phase identification are
recorded in the angle interval 22 ÷104o (2θ), on a Philips PW 1050 diffractometer, equipped
with Cu–Kα tube and scintillation detector. For the samples with an upper bainitic structure
obtained for 2 hours isothermal retention at 380°C an abrasion test is performed.
Nanosized particles accelerate the transformation of the austenite to bainite. The amount
of the retained austenite in the samples without nanoparticles additives for 2 hours
isothermal retention at 380°C is 40.4%. In the samples with nanoadditives, the amount of
the retained austenite decreases to 30.2÷27.1% for 2 hours of isothermal retention at 380°C.
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With the development of the bainitic conversion from 2 to 6 hours, the amount of the
retained austenite in all samples tested decrease. The hardness of the tested ADI samples is
in the range from 294 to 322 HV10.
For the samples after an isothermal retention for 2 hours at 380°C, an abrasion resistance
test is conducted. An increase in the wear resistance for ADI specimens with nanoadditives
is found compared to those without nanoadditives. The amount of the retained austenite in
the cast iron samples is determined before and after the tribological test (figure 1).During
friction the retained austenite transforms partly into strain‐induced martensite with the
same amount of carbon as in high carbon austenite. This strain‐induced martensite is
untempered martensite characterised with a high hardness and ability for intensive
strengthening by wear.

Figure 1. Wear resistance I and retained austenite A of austempered ductile iron samples
with and without nanoadditives and after isothermal retention for 2 h at 380°C.
The amount of the retained austenite decreases in all ADI samples tested after the
tribological test. Mostly, the amount of the retained austenite decreases in the sample with
(TiCN + TiN) nanoparticles ‐ from 27.1% to 11.6%. This specimen also has the highest
abrasion resistance (I=9.42.106) (figure 1). The formation of strain‐induced martensite from
the metastable retained austenite in the frictional area (microtrip‐effect), probably is one of
the reasons for the wear resistance increase of these materials.
Nanosized additives in the spheroidal graphite cast irons influence on the structure
formation in the temperature range of the bainitic area. They alter the kinetics of the bainitic
transformation and accelerate the transformation of the undercooled austenite into bainite.
Austempered ductile irons (ADI) with nanosized additives possess higher wear resistance
(until 23%) in comparison to the samples without nanoadditives. The influence of the
nanoadditives on the graphite phase characteristics and on the extent of the transformation
of the austenite to bainite explain higher abrasion wear resistance of the tested
austempered ductile irons with nanoadditives compared to the same without nanoadditives.
Partially transformation of the metastable retained austenite to strain‐induced martensite
during friction which is observed in the austempered ductile irons also affects their wear
resistance.
Acknowledgments. The authors would like to thank the Research and Development Sector
at the Technical University of Sofia for the financial support.
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This paper present single objective optimization and failure load prediction of Resistance
spot welding of aluminum alloy 57547. The experimental studies were conducted under
varying welding currents I, electrode forces F, welding times T, pred preheating currents IA.
The settings of welding parameters were determined by using the Taguchi experimental
design of L9 Orthogonal array method. For optimization and prediction will be used analysis
of Signal‐to‐Noise (S/N) ratio and Response surface modelling RSM. Sheet metals of
aluminum alloy AlMg3 ‐ AW5754 H22 as the parent metal to be lap welded were used in this
research. The dimensions of the specimen are defined according to the standard ISO
14273:2016. The experiment involved joining of two sheet metals using RSW machine
manufactured by Kocevar & sinovi which is managed using the BOSH 6000 software. Welding
was carried out using electrode type A0 with radius 75 mm. Four welding parameters such
as weld current I, electrode force F, weld time T and preheating current IA were selected for
experimentation for three levels of factors. Other welding parameters such as squeeze time
(SQZ), hold time (HLD), pre‐heating time (Pre‐Weld), Cool Time (CT), Up Slope Time (UST)
and Down Slope Time (DST) were constant during the experiment. The tensile‐shear tests
were performed according to standard ISO 14273:2016 at cross‐head speed of 2mm/min
with a Beta 50‐7 / 6x14 testing machine. As per the L9 orthogonal array for each combination
of process parameters results obtained from the test are given in table 1. The optimum levels
of different control factors for higher failure load are weld current at level 3 (35 kA),
electrode force at level 1(3,68 kN), weld time at level 3 (0.2 s), and pre‐weld current at level
3 (10 kA).
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Table 1. Experimental layout using L9 OA and result from tensile‐shear tests (Failure load)
Runs

Weld current
I [kA]

Electrode
force F [kN]

Welding
time T [ms]

1
2
3
4
5
6
7
8
9

20
20
20
28
28
28
35
35
35

3,68
4,91
6,14
3,68
4,91
6,14
3,68
4,91
6,14

80
140
200
140
200
80
200
80
140

Pre‐heating
current IA
[kA]
6
8
10
10
6
8
8
10
6

Failure load
F [N]
1504
1830
1638
2046
1581
1316
2719
1989
1862

The plot of S/N ration is showed in figure 1. It can also be concluded from table 3 that the
welding current has the greatest influence on the failure force, while the pre‐weld current
has the slightest influence on the meaning of this force. The plot of S/N ration is showed in
figure 1. Using the analysis of variance (ANOVA), the previous assertion that the most
influence on failure load has a weld current is confirmed (43.65 %).
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Figure 1. Plot of S/N ratio
The response surface model (RSM) for failure load F has been developed from the
experimental response values obtained using L9 OA experimental matrix. The above‐
mentioned model is presented below as the equation:
F  1971  253 A  505, 2B  12,59C  800,5D  5, 246 A 2  31, 4B 2  0,03375C 2  46, 25D 2

Using RSM, the corresponding parameters that yielded maximum value of failure load are
weld current 35 kA, electrode force 3,68 kN, weld time 0.1866667 s, and pre‐weld current
8,667 kA.
Acknowledgments. The authors gratefully acknowledge partial support by CEEPUS network
CIII‐BG‐1103‐04‐1920‐M‐133090 – Modelling, Simulation and Computer‐aided Design in
Engineering and Management.
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The present work focused on the buckling of composite plates subjected to biaxial
compression using Classical Laminated Plate Theory (CLPT). The two composite plates are
bonded by an elastic medium. CLPT is utilized for deriving the governing equations.
Difference between 4‐ply symmetric lamination scheme with different material properties
and fiber orientation angle (0° and 30°) is shown. The main contribution of this work is to
perform a composite laminated plates analysis by using the CLPT.

Figure 1. Schematic diagram of composite plates system subjected to biaxial compression
Composite plates are assumed to be coupled by an elastic medium and subjected to biaxially
compression. The composite plates are surrounded by external elastic medium. The external
medium is modeled as Pasternak‐type foundation which is equivalent to Winkler modulus
parameter k w and shear modulus parameter kG of polymer matrix. Bending displacements
of the plate‐1 and plate‐2 are w1(x, y, t) and w2(x, y, t), respectively. It was assumed that
each composite plate had the length, a and width, b. We assume that composite plates are
biaxially compressed by forces Nxx and Nyy in the directions of x and y axes, respectively
(figure 1). The governing equation for biaxially compressed orthotropic composite plate
embedded in an elastic medium, which is based on Classical Laminated Plate Theory CLPT,
have following form
198

D11

 2 w 2 w 
4 w
4w
4w
2w
2 w
 2( D12  2 D66 ) 2 2  D22 4  N x 2  N y 2  k w w  kG  2  2   0
4
x
x y
y
x
y
y 
 x

The composite plate system is subjected to both biaxial as well as biaxial compressive forces.
The cases studied will be composite plates buckling with out‐of‐phase (asynchronous); in‐
phase (synchronous); and when one of the composite plates is considered to be fixed. Critical
buckling load for asynchronous type of buckling can be written as
N cr 

D11 4  2( D12  2 D66 ) 2  2  D22  4  2 k w  2 kG ( 2   2 )
( 2   2 )

Critical buckling load for synchronous type of buckling can be written as
D11 4  2( D12  2 D66 ) 2  2  D22  4
( 2   2 )
and critical buckling load for this type of buckling when one of the two composite plates is
stationary can be written as
N cr 

N cr 

D11 4  2( D12  2 D66 ) 2  2  D22  4  kw  kG  2   2 
( 2   2 )

Based on CLPT, in this paper was analyzed influence of aspect ratio a/b, fiber orientation
angle and lamina positions on the non‐dimensional buckling load on biaxial compressed
composite plates embedded in elastic medium. In this paper, there are analytical expressions
for non‐dimensional buckling load for three characteristic cases of buckling of simply
supported composite plates. Two types of materials are combined:
‐Kevlar 49/CE 3305 (material M1)
‐Graphite‐Epoxy AS‐1/3501‐5A (material M2)

Figure 2. Schematic layout of composite laminate
It was shown that the increase of Winkler modulus parameter and shear modulus parameter
also increases the nondimensional buckling load for all three characteristic buckling cases.
The layout of the lamina inside the laminate has a significant effect as well as fiber
orientation angle on the buckling and cannot be ignored. It has been shown that with the
change of lamina positions in the laminate, the value of the non‐dimensioning critical load
is changed for all three characteristic buckling cases. Laminates have different minimum and
maximum values of non‐dimensional critical force at the same value of aspect ratio. For
asynchronous type of buckling non‐dimensional critical buckling force has the highest value
in both schemas of laminate plates. The study shows that the mechanical properties of the
composite materials depending on the fiber orientation angle and lamina positions.
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The reliability of the oil wells system is important not only because of economically oil
exploitation, but also to preserve the environment. This paper presents the integrity analysis
of welded casing pipes from exploitation made of API J55 steel with outside axial surface
crack. Analyzed tube was in operation at an oil rig and was withdrawn during the process of
reparation, after a period of about 70 000 hours (8 years). This period is much shorter than
the projected service life, which is up to 30 years. The Fracture Analysis Diagram (FAD)
provides a simple integrity analysis of the welded casing pipes and it can be reliably concluded
that the exploited welded pipe is safe of the mutual interaction of brittle fracture and plastic
collapse.
Mechanical properties of API J55 steel were determined on specimens taken from exploited
pipes. The measurement process is performed using electromechanical testing machine
SCHENCK‐TREBEL RM 100. The result shows the exploited base material tensile properties
degradation. The tests of the modified CT specimens were carried out at room temperature
on a machine SCHENCK‐TREBEL RM 100. Modified CT specimen thickness is d = 6.98 mm
(equal to the pipe wall thickness). Using value JIc, the critical values of stress intensity factor
KIc, and further the values of critical crack length (ac), for base material (BM), heat affected
zone (HAZ) and weld metal (WM) are calculated. The conclusion is that the lowest resistance
to the crack initiation and propagation has the base material, and further analyses were
conducted only for the base material.
The integrity analysis of welded casing pipes (diameter of the pipe Ø139.7 mm and nominal
wall thickness 6.98 mm) is performed for the pipe model with an axial surface crack in the
base material on the outer surface of the pipe. The initial crack dimensions are: depth a =
3,5 mm and length 2c = 200 mm. The concept with two failure criterion was introduced to
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describe the mutual interaction of brittle fracture and plastic collapse implemented through
the Fracture Analysis Diagram ‐ FAD. Starting point of this diagram is modified strip yield
model for through crack in an infinite plate, which connects the effective stress intensity
factor Keff with distant stress:

K eff   Y

8
  
a  2 ln sec

2 c 


1

2

In real structures yield strength Y should be replaced with collapse stress C, which, in
addition to the material, depends on the geometry of the structure, including crack. The next
step is an expression of effective stress intensity factor in dimensionless form as Keff/Kl. And
finally we have dimensionless variables Sr=/c and Kr=KI/KIc which represents the abscissa
and ordinate in the modified fracture analysis diagram, and the equation becomes:

 8
  
K r  S r  2 ln sec S r 
 2 


1

2

If the material is totally ductile, the structure breaks in plastic collapse Sr=1, while for the
failure of the structure of completely brittle materials Kr=1. In all other cases there is
interaction between plastic collapse and brittle fracture. If the structure is safe from failure,
the Kr and Sr values are less than 1, and the pairs of corresponding values are inside the
border line. The obtained values for Kr and Sr in this calculation marked the point with
coordinates (0.7; 0.35), which is located in a safe part of the diagram (Figure 1. Fracture
Analysis Diagram ‐ FAD for pipe with axial surface crack).

Figure 1. Fracture Analysis Diagram ‐ FAD for pipe with axial surface crack
Having in mind the conservative analysis of FAD it can be concluded that the welded casing
pipes are safe not only of brittle fracture, but also of plastic collapse. It is important to notice
that the Fracture analysis diagram (FAD) provides a simple analysis of integrity that can
reliably determine whether the welded casing pipe, and thus the casing string, is safe from
failure under condition that the geometry and the load presented on the conservative way.
On the other hand, if you cannot prove integrity, it does not mean that the casing string is
useless. In that case they need additional and more complicated analysis.
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Cohesion failure
Adhesion failure
The use of nonwovens in the
Boundary surface
PVA nanofibers mat
automotive market has increased
PET Needle-punched non-woven textile carrier
significantly in recent years and
nonwovens can be engineered to Figure 1. Structure of double‐layer gas filter media.
have specific properties. Method for
changed porosity fibrous materials obtaining is the electrospinning process that provides
applying on the surface substrate a nanofibres layer. The pad hydrophpbic balance affects
the adhesion between mat and layer. Plasma surface modification is carried out to change:
hydrophilicity/hydrophobicity, surface roughening, grafting and surface functionalization.
After processing in cold plasma, the hydrophilic properties of the, non‐woven needle‐
punched textile materials with varying area and volume widely used in the automotive
industry, change. It can be seen that plasma exposure leads to changes in the polymer
composition surface ‐ free radicals formation, activated species of inert gas surface graft
polymerization, and functional groups incorporation. The present work attempts to
elucidate these complex and simultaneous changes in the materials.
Good adhesion property can be achieved if between the two layers, in our case needlefelt
non‐woven fabric and a nanofibre mat, can initiate a boundary contact area, figure 1.
The aim of the work is to define empirically the changes in nonwoven fabric (filters) designed
for pad of the nanofibres layer. Presented results are related to the change of cation‐exchange
properties after plasma chemical modification (Wp = 0.5‐2.0 kW, P = 80 Pa; gas consumption
G = 0.04‐1.2 g/s; f = 1.76 MHz, time t = 1 and 2 min and plasma‐ forming gases ‐ Ar and O2).
Mechanical, physical, chemical, and electrical properties of the treatment of textile are
changed simultaneously. Sample thickness of the plasma‐treated non‐woven fabric are
presented in table 1 and the change is greater at O2 and 2 min treatment time. At the same
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conditions studied samples have different moisture content, figure 2. In that study differential
scanning calorimetry analysis of treated samples is performed and the change in PET fibres
shows the difference in the amount of heat required to increase the temperature, table 2.
Table 1. Change in thickness depending on the type of gas used.
Untreated

Moisture change W, gr/gf

Thickness average
value 𝑥 (mm)
Dispersion s (mm)

Plasma treatment Plasma treatment Plasma treatment Plasma treatment
in oxygen (O2)
in oxygen (O2)
in argon (Ar) for 1
in
for 1 min
for 2 min
min
argon (Ar) for 2 min

1.948

1.929

2.043

1.853

1.910

0.042

0.027

0.057

0.024

0.032

0.14

Moisture change ΔW, %

No

Ar plasma
O2 plasma
untreated

0.12
0.1
0.08
0.06
0.04
0.02
0

5

Ar plasma
O2 plasma
untreated

4
3
2
1
0

0

0.5

1

1.5
2
2.5
3
Treatment time t, min

0

0.5

1

1.5

2

2.5

3

Treatment time t, min

Figure 2. Experimental data on the change of moisture in the samples at P = 80 Pa and O2 and Ar gases.

Table 2. DSC evaluation of plasma treated PET non‐woven samples.
No
1
2
3
4
5

Type of plasma‐
forming gas
Ar
Ar
O2
O2
Untreated

Plasma treatment
duration t, min
1
2
2
1
0

Entalpy
Δ H, J/g
60.4969
62.2919
70.3840
63.0338
80.1161

Peak Area, mJ
120.994
124.584
126.691
125.461
208.302

Max. peak
value °C
252.11
251.25
251.66
251.21
240.31

Peak height,
mW
6.8683
7.3700
6.7632
6.0325
8.7330

After the plasma treatment the PET fibres surface are activated and the CEC increases (table
3). Plasma treatment leads to additional O2‐containing functional groups.
Table 3. CEC (cation exchange capacity) evaluation of plasma treated PET non‐woven samples.
No
1
2
3
4
5

Type of plasma‐forming gas
Ar
Ar
O2
O2
Untreated

Treatment time t, min
1
2
2
1
0

CEC, mEq/100g
10.9
11.2
19.3
18.6
7.8

Cold plasma activation in O2 and Ar was used for polyester non‐woven modification, designed
to produce high‐grade double‐layer dust filters for automobile industry. Plasma activation is
an environmentally friendly (green) technology for filter functionalization to improve
hydrophilicity, wettability, wicking, and ion exchanging interaction. Polyester plasma activation
produce different new functional groups on the surface of the fibres. Experimentally, as a result
of pre‐treatment in plasma, the adhesion between the two layers of the double layer gas filter
has been improved. The most significant change in the values of moisture observed in the
samples in O2 medium.
Acknowledgments. The authors would like to thank the Research and Development Sector
at the Technical University of Sofia for the financial support.
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Generally speaking, efficiency of machining processes is a relative vague concept. It can be
interpreted in terms of economical or technical aspects, it can refer to different specific
processes, or to a certain material. In the technical literature, the efficiency of machining
processes is approached mainly from the perspective of the ways to increase it. A survey of
literature reveals different kinds of the concept’s approach. Thinking about the specific of
laser processing, different types were found: cutting, remote cutting, laser‐assisted
machining. The present paper proposes a discussion on different ways to interpret efficiency
as effectiveness, and how it is directly, or indirectly influenced by the cutting parameters.
To narrow down the area of research, and to be more specific, the present paper focusses
on laser cutting of metal. For this particular category of materials, the process consist mainly
of metal melting, and removing the melt. The volume previously filled by the melt becomes
the so called kerf that separates the part and the metal sheet. In this context, efficiency can
be interpreted in different ways, or expressed by different indicators, as follows:
 Effectiveness, that is how fast a part is produced;
 Linear specific energy (El). This expresses one way to appreciate the measure the process
is friendly to environment. This can be estimated by the quantity of energy spent to
process a unit of length of part edge. Of course, the lower the linear specific energy is, the
more environmentally friendly the process is considered to be;
 Surface specific energy (Es). This indicator is intended to take into account the thickness (h)
of metal sheet. It expresses the energy spent to process a unit surface on the side of cut part.
 Volume specific energy (Ev). This is a third mean to appreciate the measure the process is
environmentally friendly. This can be estimated by the quantity of energy spent to melt a
unit of volume, and is interpreted in the same way as the previously specified indicator.
These indicators are influenced by some input parameters as: laser power (P), cutting speed
(v), pressure of the assistant gas (p), the processed material itself (characterized by different
properties as specific heat, conductivity and other), the metal sheet thickness (h). It is
important to note that these parameters influence directly by their values the efficiency
indicators, but also indirectly, by means of their combined effect/interaction (especially the
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couple power‐speed). The cutting parameters can be directly adjusted in the process, to
influence in a direction or in the opposite one any efficiency indicators. Some other data are
given, and cannot be changed for a specific batch, e.g. the part material itself or the thickness
of the metal sheet. This is the reason for that the given data are not involved in computing
efficiency indicators.
A case study was conducted to illustrate using the indicators of laser cutting processes
efficiency. Hardox 400 and Hardox 450 steels have been cut with different combinations of
input data. Combinations of laser power and cutting speed levels were selected from data
sets, according to design of experiments (DOE) procedures. The combinations used limit
values for P and v, which were determined by means of initial test screening trials, as to be
sure that cutting process develops properly, that means that the part is completely cut
(separated from the sheet material) and the machined surface’s roughness is appropriate.
Even if the combinations where the extreme low, or extreme high values for both the input
parameters were coupled, the part output quality was acceptable. Analysing the output
data, some conclusions have been drawn:
1. It is obvious that for both the materials, the linear specific energy El, which depends
exclusive on P and v, the highest value of El is recorded for the combination with lowest P
and highest v; the difference in terms of El value between the two materials is given by their
different properties.
2. The influence of h on surface specific energy Es, shows that this indicator becomes more
useful when it is to compare in terms of cutting efficiency related to environment protection
parts made of different materials and having different thickness
3. Criterion based on volume specific energy Ev. comes with some apparently random
results. Being involved more input data, it is almost impossible to appreciate without this
indicator which is the least and most energy consuming sample. According to this criterion,
the best combination is: Hardox 400, thickness of 10 mm, laser power medium, and cutting
speed at its highest value. The worst sample (the most energy consumer per melted volume
unit) is Hardox 450, thickness of 12 mm, laser power at its lowest value, and cutting speed
at its lowest value. In this context, referring to lowest and highest value of a parameter we
mean the extreme value used for a certain material. This is an important remark, because
from technological reasons, different minimum‐maximum P and v values must be set up for
different materials, depending on their physical properties.
4. It is important to select correctly the indicator used to appreciate a certain case (set of
part samples), according to the input variable data that can be controlled. We have to keep
in mind that in certain cases, some input data could be fixed, they may not be changed (e. g.
material, or thickness of the part).
Nowadays, when environment protection becomes a stringent problem, taking care about
energy consumption is an important task. In this context, the energy consumption becomes
an important criterion of optimization in manufacturing. The technical/technological
criterion remains the most important, but the environment protection cannot be neglected
anymore. The research presented here has proved that even respecting the technological
restrictions, that is obtaining parts conform to specifications, still optimization in terms of
energy consumption can be performed. The task is not easy, because of the many input data
involved and of the particularities specific to each application apart. A mean to appreciate
the efficiency of laser cutting of metals are the efficiency indicators, which have to be
selected correctly, according to the specific available input data.
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Three new activities are equally represented in the new product development: structural
design, material selection and selection of manufacturing process. By combining different
types of materials, shapes and dimensions of products and manufacturing processes, various
product solutions are obtained. An increasing number of materials and manufacturing
processes make the construction process more complex and responsible, and it is very often
expected from them to decisively influence the properties and behavior of the product.
Therefore, designers are increasingly turning to the methodical process of material
selection, and less to experience, although it is still necessary in some phases of decision
making. For each possible solution, a specific manufacturing process is determined and the
choice of materials is often determined by the criteria of technology and costs. Product
development methods simultaneously analyze different design‐manufacturing variants,
varying the design forms, materials and methods of manufacturing. Structural design,
material selection and the selection of manufacturing processes are inseparably linked
activities. The choice of the manufacturing process is a difficult task because the same part
can be formed in several ways, with different quality, manufacturing time and costs. The
manufacturing process must achieve the desired quality for the selected material, shape,
dimensions, tolerances and workpiece surface conditions with minimal costs and
manufacturing time. In doing so, the constructor should be provided with information about
the possibilities of the available manufacturing processes in order to select the most
favorable process in the given circumstances.
CES Selector is one of the most commonly used Expert Systems (ES) for material or process
selection. It is a PC application that enables both constructors and material experts, and
other engineers, to find proper materials or process that will constitute the optimum
solution for their product. This product is of great help in decision making about materials in
the early stage of product design, redesign or replacement of existing material with a new
one.
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The joining process selection will be shown in the case of a roof truss structure. The material
selected for this construction is aluminum. The structure should be composed of tube
profiles of different lengths. The construction must be strong, without the occurrence of
damage during use. The joining can be performed using inseparable (welding, soldering,
gluing) or separable (rivets, screws) connections. Separate connections are less suitable than
inseparable due to lower endurance, and also because of the higher execution costs.
Welding is certainly the most appropriate inseparable bonding, but due to the number of
welding methods it is necessary to choose the most suitable one.
For the welding of the aluminum truss, it is necessary to choose the optimal welding
procedure. Table 1 shows the technical and economic constraints that the welding process
must meet.
Table 1. Welding process requirements
Function

Constants

Goal
Free
variables

Welding of the truss rods
Material: aluminum
Type of welded joint: butt and corner joint.
Type of welded joint loading: compression, tension
and bending.
Shape: circular; Mass: 0,5 – 100 kg; Radius: R = 15
mm; Pipe wall thickness: d = 4 mm
Process type: discrete
Cost reduction
Process selection
Process work conditions

Constraints

Technical constraints

Economic constraints

Table 2 lists the processes that meet the before mentioned requirements.
Table 2. Processes that meet the requirements
Welding process
Friction welding

Submerged arc welding
MIG welding

Comment
Friction welding is not applicable in more complex shapes of
truss. In the case of truss structures there is an approach
problem.
It was not found that this method can be used for welding
of aluminum. This procedure is used in large batches.
Welding is carried out in a horizontal position.
The possibility of a better approach and according to Table
1 it is suitable for welding of aluminum.

According to Table 2, it can be concluded that the MIG welding procedure is the optimal
solution, both in technical and economic terms.
The illustrated example of selecting the welding process of the roof truss construction using
the CES Selector indicates that the mentioned software can be used effectively, among other
things, for the selection of the welding process.
Acknowledgments: This work was funded by the Ministry of Education and Science of the
Republic of Serbia under the contract TR32036, TR34002 and TR35021.
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This paper presents the important annual characteristics of the drones, primarily
quadcopters, as the dominant solution for drilling. The aim of the paper is to show the
drones themselves and to demonstrate the benefits of using trunks in relation to helicopter
of civil air transport. Particular attention is paid to the stability of drones during basic
operations and during near‐surface operations and ground effects.
The analysis of the use of drones, as well as its ability to replace traditional aircraft, was done
primarily for their expansion use. So far, this topic has not been given too much attention,
and one of our goals has been to focus attention on them. A special thing that should be of
concern is the integration of drones into civil air traffic. The issue of integration is open for
the time being and it is inevitable that it will one day arise.
The beginning of the work is related to the modern structures of drones, first of all the
quadcopter structure. In addition to the appearance of the structure itself, the paper
outlines certain requirements that the structure must satisfy in order to be adequate for use.
Part of the paper is devoted to the creation of buoyancy force and the theory of the ideal
rotor. After this analysis, we moved on to the possibilities of movement and control of
drones in space. The hovering phase was analyzed, as well as the effects of forces and
moments in the lateral and rotational motion of the drones. At the very end of the paper, an
analysis of the effect of ground efect on drones was performed and a comparative alasis of
this effect on helicopters.
The main advantages of using a quadcopter, as the dominant solution for the structure of
drones, are the very features of the structure and especially the effects of the creation of
aerodynamic force. The quadcopter is constructed so that the adjacent rotors rotate in
opposite directions, while the opposite rotors rotate in the same directions. An illustration
of the rotor orientation can be seen in Figure 1. This rotor orientation avoids the possibility
of generating torque around the structure due to the creation of buoyancy force on the
rotors themselves. In the case of a quadcopter, there is no need to hire an additional engine
to respond to torque, such as in the case of helicopters.
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Figure 1. The direction of rotation of the quadcopter rotor
The angular groun effect was only thoroughly processed for helicopters until almost
thoroughly. Drones‐related research on this topic has hardly been done. This effect implies
that the rotor blades near the ground are not capable of fully developing downward stance.
Thus, a significant increase in buoyancy occurs and less engine power is required to create
aerodynamic buoyancy to overcome aircraft weight. This effect occurs near the ground,
more precisely during landing and take‐off, that is, the most critical phases of aircraft flight.
The quadcopter is largely non‐expressive, as is the case with helicopters. The main
contribution to this is primarily the structure of the quadcopter, namely that the buoyancy
force is created on four rotors. Because the force is created on four rotors, the rotor
diameters are smaller than when using one rotor to create buoyancy force. Considering that
the cluster effect is pronounced near the ground, more precisely at altitudes less than the
radius of the rotor, we come to the very reason that this effect is almost absent from the
quadcopter.
The entire analysis was done to show the basic principles of the operation of drones, as well
as their basic capabilities when used in comparison with traditional aviation vehicles.
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In 2016, more than 22.5 million of trucks and busses (approx. 7.5 million in U.S.) and approx.
72.1 million of personal cars (approx. 4.2 million in U.S.) were produced globally. According
to prognosis, a total of around 107 million vehicles will be manufactured worldwide in 2020.
Parallel the number of end‐of‐life vehicles (ELV) arising constantly, and there are gaps
between the numbers of deregistered and ELV in many countries. There is no detailed
information available because of a certain number of de‐registered vehicles are
commercially exported to the underdeveloped countries as second hand.
If current trends continue and no relevant legislation from design to disposal vehicles, The
Globe can become overloaded vehicles at the end of the service cycle. Vehicle recycling and
reuse of materials incorporated is very important from that point of view and presents a
solution the problem. On this manner it is possible reuse of consisting materials and
optimization of End‐of‐Life Vehicles.
In European Union has defined targets to be achieved in the future for the recycling rate of
vehicles at the end of their service cycle. Directive of the European Parliament and of the
Council 2000/53/EC regulate waste management in the vehicle sector. This manuscript
presents in global the international legislative in this field, regarding to the situation in
Republic of Serbia. As contribution, during production of domestic city bus running on
natural gas, performed the replace of material for bus dashboard on the basis of plastic and
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polyurethane foam, with ecological material with carbon inserts. The requirements for
dismantling, reuse and recycling are integrated in the design of new bus.
Regarding dismantling (consisting of collection, depollution and crushing) of ELV in Europe,
two main aspects have to be considered.
First, there is evidence suggesting that ELV are treated illegally in some cases. However
measures which make the disposal of an old vehicle in the country of de‐registration more
attractive, such as refunds obtained in a deposit‐refund system, would help reduce illegal
shipments of ELV.
Second, there is evidence suggesting that even in authorized treatment facilities dismantling
(specifically depollution) is not in full compliance with the relevant requirements of the
existing ELV Directive.
Domestic recycling industry is in this moment in the stage of development. The problem is
the design of the vehicles, which does not allow an adequate and rapid implementation of
the process of dismantling, and the lack of unified system.
Due to existence of several domestic bus manufacturer in the market solution to the
problem of recycling these vehicles is very important. Designing regarding to recycling
demands inside ELV Directive allow not only to meet domestic ecological requirements, but
also to contribute to the increase in the export potential of the vehicle trademark.
During researches, redesigned is local city bus running on natural gas. Dismantling
information for the correct and environmentally sound treatment of ELV formed, too.
An example of modeling the dismantling of plastic parts of the city bus type (203 CNG‐S)
podium dashboard is shown in Figure 1.
The result is the catalog for the dismantling of city bus, which meets the requirements of the
EU regulations on the suitability of vehicles for disposal.

Figure 1. Integrated platform with new design of podium dashboard for city bus
Acknowledgments. The paper is a result of the research within the project TR 35041
financed by the Ministry of Science and Technological Development of the Republic of
Serbia.
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Recently, we cannot imagine investigation and analysing mechanical properties of railway
vehicles without using state‐of‐art tools. They are implemented in whole process of design,
analysing, verification, testing and optimising of railway vehicles. Such an approach saves
time for development, production costs and finds application across whole spectrum of
produced types of railway vehicles. In order that the approach based on simulation
computations can reliably simulate the reality, a virtual model of a railway vehicle has to
take into account as many factors as important.

Figure 1. A virtual model of the analysed passenger car created in Simpack software
When we investigate behaviour of a railway vehicle in terms of dynamics, we used the
multibody approach for creating its computational model. The goal of this article is
evaluation of output quantities of a passenger car from the dynamics point of view. The main
objective is assessment of selected values for rigid and flexible models of a track. There are
evaluated quantities, which belong to main assessed outputs for investigation of dynamic
properties of a passenger car. There are values of vertical forces in the wheel/rail contact as
the indicator of dynamic load of a railway track as well as the bodies of a railway vehicle.
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This contribution introduces a study of influence of flexible track on dynamic response, i. e.
selected output quantities. The multibody models of a passenger car and a track have been
created in Simpack program package. There is a commercial program, which enables to an
user building up many kind of virtual models, which can be quite simple subsystem of any
transport mean, e. g. individual parts of suspension system, partial systems of a drive
mechanism, such as an engine, gearbox, etc., or there can be a bogie of a railway vehicle,
even an entire train sets. In our work we have submitted a passenger car to simulation
computations. Its model created in the Simpack software package (figure 1).
We have selected only several speeds, which can concrete show influence of different
running speed on waveforms of output quantities and for various track flexibility foundation,
i. e. with constant values of stiffness‐damping coefficient and with stiffness‐damping
coefficients given by a sinusoidal function even with softer and stiffer values.

Figure 2. Waveform of the dynamic vertical force for various track flexibility foundation,
140 km/h
In our research we have focused on dynamic response of a passenger car running on a track
represented by the dominant forces, which act in the railway wheel and railway track during
operation of a railway vehicle, namely the vertical wheel force. This force affects significantly
the dynamic loads of a track as well as dynamic loads of main structural units of a railway
vehicle.
Based on reached results we have found out that the dynamic response of the passenger
car, which indicate the track loading as well as the railway vehicle loading depends on the
credibility of input data for track flexibility foundation.
Acknowledgments. This work was supported by the Cultural and Educational Grant Agency
of the Ministry of Education, Science, Research and Sport of the Slovak Republic of the Slovak
Republic in the project No. KEGA 077ŽU‐4/2017: Modernization of the Vehicles and engines
study program. The work was supported by the Slovak Research and Development Agency
of the Ministry of Education, Science, Research and Sport of the Slovak Republic in the
project No. VEGA 1/0558/18: Research of the interaction of a braked railway wheelset and
track in simulated operational conditions of a vehicle running in a track on the test bench.

215

9th International Scientific Conference
Research and Development of Mechanical
Elements and Systems
Kragujevac, Serbia, September 5‐7 2019

DETERMINING OF THE DRIVE POWER OF A TRANSPORT MACHINE FOR
DISABLED PERSONS USING A COMPUTATIONAL MODEL
Miroslav Blatnický1, Ján Dižo 1
1

University of Žilina, Faculty of Mechanical Engineering, Univerzitná 8215/1,
010 26 Žilina, Slovak Republic, miroslav.blatnicky@fstroj.uniza.sk, jan.dizo@fstroj.uniza.sk

Key words: transport machine, stair lift, drive power, electric motor, computational model.
The article deals with calculation of a stair lift drive and its design. The aim is the determining
the necessary power of the used electric motor depending on the variable input values such
as a passenger weight, a gradient of the seat lift etc. Calculating the required power for
operation of the equipment is essential for selecting the optimal drive motor. In practice,
the mathematical‐physical principle of solving a problem such as drive calculation is often
neglected. This results in the use of excessively powerful propulsion equipment, and thus in
excessive financial cost in mass production. Consequently, by designing a drive‐train, it will
be possible to design the entire drive mechanism, i.e. motor, gearbox, gear module, etc. A
significant part of the overall solution will be the design of the shaft for the drive pinion and
its analytical dimensional calculation in comparison with the numerical solution. This will
fulfil the prerequisites for optimizing the current shaft design by reducing its mass from the
current value of 1.185 kg while the safety and reliability conditions of the construction are
still met.

Figure 1. A real model of SA Alfa stair lift (left), schematic change of geometry when the
carriage is tilted due to the ascent of the track (right)
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One of the social aspects of a modern advanced society is its ability to help those in a difficult
situation. One subset affliction of people is a restriction of a person’s mobility. Several
devices have been contrived for people with disabilities to facilitate surmounting various
obstacles. A stair seat can also be found between these devices, which are also the subject
of the issue solution (figure 1).
Such a handling machine is usually made of more kind of material to reach suitable
mechanical properties of particular components in combination with required lifetime and
acceptable price. There are most often used combination of standard steel, high strength
steel, light metals, mainly such as aluminium alloys, plastics etc.. The latest types of stair lifts
have the automatic process of tilting and they dispose of a remote control. The drive‐train
is composed of an electric motor, a gearbox and a gear wheel, which is in the mash with a
rack.
Numerical calculation of stress in shaft was performed by means of the finite element
method. The mesh was created with 2 mm long elements and was formed by 53 684 nodes
and 31 234 elements (figure 2 left). The equivalent (von Misses) stress was selected as
output and then the calculation was started. The calculation results are shown in figure 2
right.

Figure 2. FEM mesh of the analysed shaft (left) and the stress distribution in the shaft
(right)
The shaft material used is steel 1.7131 (16MnCr5, STN 14 220) with tensile strength
Rm = 780 – 850 MPa and with the minimum yield strength Remin = 550 MPa. The maximum
stress value determined by the simulation is σmax = 463.42 MPa.
The analysis proved the suitability of the used shaft for the specified operation, but also
revealed the space for its optimization because of the minimum stress values in the bulk of
the shaft volume.
Acknowledgments. The work was supported by the Cultural and Educational Grant Agency
of the Ministry of Education of the Slovak Republic in project No. KEGA 077UU‐4/2017:
Modernization of Vehicles and Engineers Study Program. The paper was prepared within the
framework of the grant project of the Ministry of Education of the Slovak Republic KEGA, n.
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In recent years, liberalisation of rail cargo operators market brought to the position of a
number of small rail operators that are operating on rail infrastructure. Most of them are
relatively small with specific cargo transport products, limited number of locomotives and
wagons and with limited service resources. Independently of the cargo operator size, they
are also obligated to have regular inspections according to the cargo regulations. According
to railway regulations, railway vehicles, primarily locomotives, should be inspected relatively
frequently, and inspections differ from those in which the visual inspection is sufficient to
those for which it is necessary to measure something or open a part of the vehicle.
Smaller inspections like “service inspection” of electric locomotives includes:
•
Visual control (from inspection pit and exterior) of boxes and equipment on it
•
Visual inspection of handrails, axle assemblies, wheel rims, traction engine covers,
rubber shock absorbers, winding springs and hydraulic shock absorbers.
In order to develop the appropriate system for visual inspection of the railway vehicle from
the bottom on a track without inspection pit, research of technical solutions has been carried
out, which can be applied with specific requirements on the railway.
The conceptual solutions of the system are elaborated on the basis of two initial conditions:
•
The system is mobile (mobile) and the locomotive is static (no moving) or vice versa
•
At the location where the visual control is carried out, it is possible to set the
appropriate surface
In total, four conceptual technical solutions have been developed: ”rod”, “tray”, “runway”
and “trolley” (Figure 1).
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a) “rod”

b) “tray”

c) “runway”

d) “trolley”

Figure 1. Overview of technical solutions

The technical solution "rod" is based on similar products used for inspection and control of
passenger vehicles and trucks at border crossings, where the solution is adapted to the
needs of inspection of railway vehicles and on‐line inspections.
Technical solution "tray" is an improved technical solution "rod" based on the installation of
the entire device on the rails.
The technical solution of the "runway" is designed as a solution in which it is possible to
easily position the camera to the desired location below the locomotive. For this purpose, a
frame was constructed that would be placed between the rails and would be placed on the
surface with 3.6 m or 18 m lenght.
The technical solution of the "trolley" is designed as a solution where the camera with the
device would move on the profiles back and forth and thus allow for longitudinal movement,
and for the transverse movement on the device there are motors that allow the remote
control to position the camera to the desired place.
Evaluation of the concepts has been done according to following criteria: price, user
friendliness, degree of automatization, inspection speed and mass. For every factor is
determined weight coefficient.
According to evaluation the best grade has concept “trolley”. The lowest grades have
concepts “runway” due to their price. Concepts “rod” and “tray” are having a little lower
Sum of grades than “trolley”.
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The article describes a further stage of development work of the range extender (RE)
designed at the Cracow University of Technology (CUT) for a 48V electric light commercial
vehicle. The range extender is an auxiliary power unit with a maximum output power
of 2.65 kW. It was built on the basis of a three‐phase alternating current generator driven by
a single‐cylinder spark‐ignition engine. A general view of the developed range extender
attached to the body of vehicle is presented in Figure 1.

Figure 1. The developed range extender (yellow rectangle) attached to the vehicle body
As part of further development work, the engine was equipped with a muffler with an
integrated three‐way catalytic converter (TWC) to reduce an emitted noise, as well as to
reduce exhaust emissions. In order to be able to efficiently process exhaust gas in the
catalytic reactor, modifications of the fuel system were introduced, enabling feeding with a
stoichiometric air‐fuel mixture. The principle of operation of the air‐fuel ratio (AFR)
correction system consists in a dilution of the rich mixture formed in the carburetor using
the air fed downstream from the carburetor. The system works in a closed‐loop with an
exhaust oxygen sensor.
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Applied modifications of the range extender had a significant impact on minimizing the
effect on the environment by reducing the noise level and toxic components of exhaust
gases. In addition, the use of the exhaust gas correction system has made it possible to
improve the overall efficiency of the unit, which is important in terms of reducing carbon
dioxide emissions and reducing the costs of generating electricity necessary to drive the
vehicle. The results confirmed that the developed AFR correction system properly performs
the assigned task. In a figure 2 the selected results of research are presented.

Figure 2. Selected comparisons of the results obtained for unmodified and improved range
extender; a) noise level, b) overall efficiency, c) exhaust composition.
The tests of the general efficiency of the auxiliary power unit allowed to indicate the points
in which the range extender operation is the most effective, which allows the development
of a favorable algorithm for the control of the assembly depending on the current state of
the battery and the driver's needs. Despite the use of a simple generator and belt
transmission control, a more beneficial result of the overall efficiency of the range extender
developed at CUT was obtained than the device offered commercially [2].
Dynamic tests of the charging unit carried out after completion of the stationary part showed
its correct operation. The energy supplied to the vehicle's electrical system by range
extender after depleting the energy stored in the vehicle battery enabled the use of full
range in all‐electric mode without the user's fear of not reaching the destination. In addition,
during the second attempt, the start‐up of the range extender and its continuous operation
from the moment of using half of the energy stored in the battery allowed for a two‐fold
increase in the range of the vehicle.
In the further development phase of the project, it is also planned to use the integrated
electronic ignition ‐ injection system and engine modifications, which will further increase
efficiency and reduce exhaust toxicity also in transient states (start‐up, heating, speed and
load change, engine shutdown). Ultimately, consideration is also given to using the
alternative fuels for the range extender, such as a mixture of gasoline with bioethanol ‐ E85
or natural gas, which will reduce CO2 emissions due to the more favorable ratio of hydrogen
to carbon for these fuels compared to gasoline.
References (for the extended abstract)
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The term “zipline” represents a system containing a tightened steel rope by which a person
is carried by high speed travelling trolley. The trolley and the person are moving under the
influence of their own weight. The main aim is causing increasing excitement, as in so‐called
adrenaline sports (Jojić T, Vladić J and Đokić R 2018 Specific machines and devices with
horizontal rope as carrying element – zipline, Proceedings of the Faculty of Technical
Sciences, Vol. 33, No. 1, pp. 13‐16). Figure 1 shows a schematic representation of a zipline
with main notions.

Figure 1. Schematic representation of zipline
The computational model is based on the catenary theory which represents an elastic
flexible thread freely suspended between two supports located on the horizontal (l) and
vertical (h) distance and loaded with its own weight. As the use of hyperbolic functions is
relatively complicated for engineering practice, the catenary is replaced by the appropriate
parabola:
y

q  x  l  x 
2  H  cos 
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The relevant computational model is formed by neglecting small quantities of high order, so
the computational model, shown on figure 2, can be represented as a movement of a
concentrated mass along the trajectory determined for static conditions (Alamoreanu M and
Vasilescu A 2014 Theoretical Aspects of Zip Line Analysis, Proceedings of VIII Triennial
International Conference Heavy Machinery ‐ HM 2014 pp. 131‐136 and Kožar I and Torić M
N 2014 Analysis of body sliding along cable, Coupled Systems Mechanics, Vol. 3, No. 3, pp.
291‐304).

Figure 2. Computational model of a zipline
The air resistance and rolling resistance are acting on the concentrated mass while moving
in the direction which is always opposite to the direction of movement.

Figure 3. Model of wheel rolling along steel rope
The analysis was made by computer simulations for specific conditions of zipline whose
installation was planned on Fruška Gora (Vladić J, Đokić R and Jojić T 2017 Elaborats I,II i III ‐
Analysis of the zipline system in Vrdnik).
It is notable that increase of tension rope force increases reach, but reduces maximal
achieved velocity. On the other hand, for a given tensile force, heavier passengers are
achieving higher maximal velocity.
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Analysis of the vertical transport systems and machines means that we must form
mathematical models with systems of differential and algebraic equations. The paper
presents the issues with mechanical models of the vertical transport systems (elevators and
the mining elevators) and numerical methods for formed mathematical models solving
according to basic parameters of exploitation facilities in mines. Analysis of the vertical
transport systems and machines means that we must form mathematical models with
systems of differential and algebraic equations.
The proper dynamic model for describing dynamic behavior of the device with a driving
pulley is shown in figure 1.
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Figure 1. Dynamic model of elevators (ref. [2] and [3] in full paper)
The model takes into account the influence of the rope free length variations on both the
incoming and outgoing pulley side. The variations in rope free length (shortening or
lengthening) directly affect the rope stiffness, and therefore also the dynamic behavior of
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the rope, which is of significant importance in the systems with high lifting velocities. This
paper deals with Koepe system because the experiments were performed on a mine elevator
in RTB Bor mine (Serbia). Forming a representative model for the analysis of dynamic
behavior implies simplification of the model so as to exclude the small influences of the
“higher” order and to keep only the most influential (representative) parameters (Vladić J
and Đokić R 2017 Characteristics of mathematical methods and specialized software systems
for dynamic analysis of elevators and mining elevators, IMK‐14 – Research and development
in Heavy Machinery 23(2) EN31‐38). Numerical solving of a partial differential equation is
generated in the form of a table of approximate values for the requested function u(x,y) for
the equidistant values of independent variables.
To consider the specific cases, such as elevators and exploitation facilities in mines, we are
going to take a look at the one‐dimensional partial differential equation of the hyperbolic
type of the second order.
 2u
 2u
 a ( x, t ) 2  f ( x, t )
2
t
x
By taking into consideration a special case (homogenous differential equation where f(x,t)=0,
we get a simple system of algebra equations:
1
1
1
1
1    unk 1   unk11   unk11  2unk   unk11  1    unk 1   unk11
2

2

2

2

The solution of differential equations lies in the application of specialized software systems
for dynamic analysis (MSC ADAMS). As an illustration of the possibilities of dynamic analysis,
the following figures show the diagrams for changes in certain values, done in MSC ADAMS
software, while using the real experimental data.
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Figure 2. Diagrams of the change in hoisting ropes elongation, stiffness coefficient and
damping parameter.
Due to a significant influence of rope free length changes, due to its slipping over the driving
pulley and for the reason of its mechanical characteristics, it is impossible to apply a classical
dynamic model of longitudinal oscillations for homogenous stick of a constant length,
especially by the elevators with large velocities and large lifting heights (express and mine
elevators).
In order to do the analysis of the dynamic behavior of the system during the movement
(variable stiffness and nonholonomic boundary conditions) it is necessary to apply the
specialized software packages with specifically defined (adjusted) parameters of dynamic
models that can be obtained through measuring at vertical transport real systems.
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The experience of the operation of rail transport shows that a significant part of emergency
situations with significant negative environmental consequences are related to tank cars
carrying liquid goods of a wide range, including liquefied gas, petroleum products,
concentrated acids, toxic and explosive products of chemical origin. The article presents the
peculiarities and result of carrying out of the corresponding tests. In order to address the
question of the possibility of further safe operation of tank cars in the over‐term period,
their technical diagnostics and control tests are carried out. In this case, the control of the
technical condition includes visual inspection of the tank wagon, measurements of the
thickness of the metal at the control points of the boiler and the frame of the car, conducting
of the magnetopowder, ultrasonic and acoustic emission control of the bearing metal
constructions. Control tests include static vertical load tests, test for a low cyclic load by
boiler pressure, typical, resource shock tests, and possible emergencies testing.
In recent years, there has been a significant aging of the Ukrainian fleet of freight cars,
including tank wagons for dangerous cargoes transportation. In conditions of Latvian railway
the main damages of the barrels of oil tank wagons and their quantity are: cracks of welding
seams of shaped pads – 50%, barrel damages in area of supports – 30%, damages of welding
seams of the barrel – 15%, unfastening of shaped pads – 5%.
Currently, on the Ukrainian railways network, tank wagons with a service life that exceeds
the deadline set by the manufacturer and even extended service life are in operation.
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Therefore, the urgent issue is either the replacement of rolling stock or the extension of the
service life of the operated rolling stock.
It is necessary to form the necessity of conducting data of controlling tests of flat wagons.
After analyzing the park and the technical condition of tank cars for the particularly
dangerous goods transportation, it was established that the main part of the park consists
of tank cars of model 15‐1407 ‐ for transportation of propane (Fig. 1), 15‐1408, 15‐1408‐01,
15‐1408‐02, 15 ‐1440, 15‐1597, 15‐1619 ‐ for transportation of ammonia, 15‐1409, 15‐1556
‐ for transportation of chlorine (Fig. 2), 15‐1519, 15‐1780 ‐ for transportation of propane‐
butane, and they are in good technical condition. The above‐mentioned tank cars are
structurally different from each other by the following features: the material from which the
tank boiler is made, the diameter of the boiler, the number of shells in the boiler, the
protective equipment of the bottom of the boiler from damage during accidents and
protection of the boiler armature.
The purpose of the article. Illustration of theoretical and practical features of conducting
technical diagnostics, control tests and tests with simulation of emergency situations of tank
cars for the carriage of especially dangerous cargoes.
Taking into account the operational experience and the results of the inspection of the
technical condition, it is possible to determine the probability of failure of the elements of
the frame of the tank car, Pi (i = 1, 2, 3 ... N, where N is the number of elements) by the
formula:
k

Pi 

RH
R
,
k


1

where k ‐ the number of surveyed wagons;
RH ‐ number of defective elements of the same type in the wagon.
On the basis of technical diagnostics and control tests of the tank‐wagon it was established
that the tank‐wagon is technically a typical representative of the operational fleet of
Ukrainian railways, which have completed their intended service life. The tensile condition
of the boiler of the tank‐wagon from the action of normative static and shock loads did not
exceed the permissible 236 MPa. When testing on a low‐cycle load on a boiler with pressure
from 0 to 2 MPa, 225 cycles were carried out, which corresponds to 5 years of operation. In
tests with simulation of emergency situations: the impact on the bottom of the tank, the
creation of a limit pressure in the tank, up to 6 MPa, an impact on the auto‐coupling device
of a tank carriage at a speed of 22 km/h, damage and depressurization of the boiler tank‐
tank was not detected.
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The article presents the results of the dynamic loading and strength study of the fittings for
containers of a flat wagon loaded with containers during shunting. It has been found that
with impact interaction of corner castings with fittings, there are increased stresses, both in
structural components of a flat wagon and in containers. To provide the strength of the
fittings of a flat wagon and corner castings of containers, it has been proposed to install
elastic‐viscous linkage between them. This solution is implemented by installing elements
having appropriate properties in the corner castings. Mathematical modeling has been
performed to determine the dynamic loading of the flat wagon and containers. The obtained
values of dynamic loads were taken into account when determining of the strength indexes.
It has been established that, the maximum equivalent stresses in the fittings and corner
castings are within acceptable parameters taking into account the proposed solutions. The
studies will contribute to provide the strength of the structural components of flat cars and
containers during shunting, to reduce the cost of their unscheduled repairs, as well as to
create recommendations for design of rolling stock with improved technical and economic
indexes.
The creation of foreign economic relations between the Eurasian states determined puting
into operation of intermodal transport systems. At present container transportation is one
of the most common transportations, owing to containers intermodality as vehicles.
Containers are transported by flat wagons equipped with fittings for container with respect
by main tracks. The study of regulatory documents standardizing the containers dynamic
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loading in operation allows for the conclusion that one of the most loaded modes is a
shunting collision of a flat wagon with containers placed on it. In this case, both the corner
castings damage and the flat wagon container fittings damage may occur. To improve the
efficiency of container transportation and reduce the cost of unscheduled flat wagons and
containers repair types, at the current stage of the transport industry development it is
important to introduce new alternative solutions for the design features of vehicles, their
interaction patterns.
The purpose of the article is to determine the strength of the container fittings of a flat
wagon loaded with containers during shunting. To achieve this goal, the following tasks are
defined: 1. To investigate the flat wagon dynamic loading taking into account the improved
interaction scheme of container fittings with corner castings by means of mathematical
modeling. 2. To investigate the flat wagon dynamic loading taking into account the improved
interaction scheme of container fittings with corner castings by using computer simulation.
3. To calculate the strength of the flat wagon, taking into account the improved interaction
scheme of container fittings with corner castings.
Based on the research we can draw the following conclusions:
1) The dynamic loading of the flat wagon has been investigated taking into account the
improved scheme of interaction of container fittings with corner castings using
mathematical modeling. Mathematical models have been designed taking into account the
presence of viscous and elastic‐viscous couplings between fittings and corner castings. It has
been established that the maximum accelerations acting on the flat wagon are about 40
m/s2 (4g), that is, they are within the allowable range. 2) The dynamic loading of the flat
wagon has been investigated taking into account the improved scheme of interaction of
container fittings with corner castings by using computer simulation. The finite element
method, implemented in the CosmosWorks software, has been used in a calculation. The
dislocation areas of accelerations acting on the flat wagon supporting structure with
containers placed on it are determined. Verification of the designed models is made by the
Fisher method. 3) The flat wagon strength has been calculated taking into account the
improved scheme of interaction between container fittings and corner castings. It has been
established that in case of viscous interaction of container fittings with corner castings
during flat wagon shunting, the maximum equivalent stresses are about 270 MPa and are
concentrated in the zone of interaction between the center girder and the bolster beam.
Maximum displacements occur in the middle parts of the main longitudinal beams of the flat
wagon frame and are 12.1 mm. When using elastic‐viscous interaction of fittings with corner
castings during flat wagon shunting, the maximum equivalent stresses are about 260 MPa,
the maximum displacements are about 11.0 mm. The research will contribute to improving
the efficiency of container transportation, reducing the cost of unscheduled flat wagons and
containers repair types, as well as creating recommendations for designing of modern rolling
stock.
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Airline companies, insurance agency, banks and aircraft owners often need neutral,
objective assessment of actual market value of their primary assets aircraft. The reasons for
this are insurance, mortgage or airline sales. For airline companies, the main reason is to
determine the capital value of an aircraft due to an annual report on the value of a company
for the purpose of recapitalization, sale or other reason. The paper presents a systematic
approach to estimating the value of aircraft that is in maturity of exploitation. with the
remaining system, engine and structure resources. The paper presents the importance of
investment in the maintenance of aircraft components and raising the market value of
aircraft over the years of exploitation. The balance between investing in maintenance of the
structure and the engine is also shown in order to achieve a quality extension of sensitive
components resource
The process of assessing the market value of aircraft, associated engines and spare parts is
a highly responsible, difficult and delicate job that requires knowledge of a large number of
data that are time‐varying. Standard market analysis has been set up by large companies,
the core business, which defined the level of market value estimates of the aircraft through
the most common six levels of estimation. An estimation that is sufficiently promising, quick
and inexpensive to realize is the third level of detail.
By studying the lifespan of a plane that was in a mature era of exploitation, it was noticed
that the plane of the aircraft (airframe) differs from the runoff (by FH and FC) of each
individual engine and auxiliary drive group APU. Therefore, it always approached the
separation of the price of the aircraft structure from the engine price and APU. According to
the reference data available in the aircraft manufacturer's bases [1], the price of a new
airplane is read on the basis of yearly production and serial number of aircraft or S / N planes.
The decline in value for the year is determined by the Standard Depreciation Act or the SYD‐
Standard Year Depreciation:
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𝑆𝑌𝐷

𝑝𝑟𝑖𝑐𝑒 𝑟𝑒𝑠𝑡 ∗ 𝑎𝑙𝑙 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑒𝑟𝑖𝑜𝑑 1 ∗ 2
𝑎𝑙𝑙 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 ∗ 𝑎𝑙𝑙 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 1

In the equation the following variables have the given values:
•Changing Price is the purchase price of the aircraft
•Changing The remainder is the value of the remainder at the end of the
amortization cycle
•Changes All depreciation periods are the number of instalments for depreciation
•Changing Current period is the current instalment rate for the depreciation
payment
The basis of each value assessment is the verification of the available technical
documentation of the airplane located in the technical base of the airline. The review of the
documents must be grounded. The classic methodology for creating an airplane
maintenance documentation technician is approaching paperwork while modern systems
involve software and digital database documents, so work is significantly faster and in the
second case. In technical documentation on aircraft maintenance, it is revealed that the
aircraft element is structured that generates the value of the complex. Usually it is concluded
that the structure of the aircraft, the engine and the APU is very complex because they are
usually different from the original ie Manufacturers. Usually, there is a difference in the
production cycle if it is a mature exploitation period of about 15 to 20 years of exploitation.
The implications of this are the split in consideration of the change in the value of the aircraft,
engine and APU structure and other investments related to the implementation of the
Airworthiness Directive ‐AD as prescribed by EASA and Service Bulletin ‐SB.
The structure, engines and APUs are maintained regularly and pedantic about what is
recorded in the Aircraft Log Book CAP 408 and the Aircraft Modification Book CAP 395 if also
in the Engine Log Book. All major surveys and maintenance of the structure are C1, C2, C3,
C4 check and 6 year maintenance as well as 12 year structural maintenance. Other A and B
considerations do not have significant value and are included in inspections and
maintenance to preserve the airworthiness and safety of aircraft exploitation without any
significance for aircraft value.
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The best form of learning is practical work. If we have limited resources, the best visuals for
realizing reality are simulators. The basic use of the simulator is that certain experiments can
be performed by mapping the image of the real world. The theme of this paper is the
modelling, construction and construction of a helicopter simulator. This paper presents the
entire process. Special attention is paid to the advantages that simulators provide, as well as
their disadvantages. The fact is that the use of simulators as a scientific tool in the education
of engineers is also realized through work.
The paper presents the whole process of placing a flight simulator as a scientific tool. The
process itself took about three months. The first part consisted of significant design and
drawing of the selected model in AutoCad. The design process of the simulator was then
used. While, eventually, checks and tests were performed to determine if the simulator
could be used for scientific purposes.
One part of the paper is devoted to significant simulation and model. In addition to the fact
that simulation can be used in education, it can also be used to solve problems from real
situations with the engagement of smaller resources. Even more problems are impossible to
discern without simulating it or reconstructing it in reality. From all it can be concluded that
designing and making a flight simulator is of great knowledge for the education of future
engineers.
The construction itself is made of a combination of aluminum and iron elements. Robinson
R66 was used to make the same construction as the benchmark. When choosing a
benchmark model to build a simulator, they were placed on the following headings:
• The cabin must be such that it has two seats in the first place ‐ pilot, co‐pilot;
• Possibility of real model display;
• Possibility of construction;
• Available drawings and sketch for the given model.
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Flight controls are identified as an object in the selected benchmark model.. While creating
this simulator, it is possible to set universal flight and joystick controls.
With the completion of the simulator assembly process, the process of simulator testing has
begun. The processes were proven and the examination consisted of two parts. The first part
deals with the static and dynamic checking of the simulator structure. The second part of
the check was to examine the control system and the command response itself. After a series
of tests and correctness, classic iteration processes, when satisfactory levels of commands
and transmissions are achieved on the system unit. The final appearance of the simulator
can be seen in Figure 1.

Figure 1. Complete operative flight simulator
Based on all the tests performed, the team concluded that the simulator could be used for
scientific purposes. As the subject is a self‐build simulator, it cannot now be used in
helicopter pilot training. Considering the construction costs, which are far less than the cost
of purchasing one such simulator, this project can be considered very successful. Of course
it has to be said that this is not the humble attitude of the team that worked on him, but
time will tell that he was right or not.
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The analysis of the reliability of the work of locomotives in the operation indicates a rather
high level of their failures in the route. It indicates that before the departure of the
locomotive to the route, there is no assessment of its ability to successfully complete the
route under the influence of various factors. Denials on the route may result in significant
material losses that could have been avoided even at the stage of route preparation. First,
before sending the locomotive to the route, it is necessary to analyze its actual technical
condition and to ensure that the state of its nodes allows executing the route without fail.
For this purpose an electronic passport of the locomotive can be used. Secondly, it is
necessary to make sure of sufficient qualification of the locomotive crew in order to avoid
the failure of the locomotive due to improper actions of the locomotive crew. Thirdly, it is
necessary to take into account the influence of operational parameters of the future route
to change the technical condition of the locomotive and its knots. As a tool that will allow
simulating and analyzing the interaction of various factors, the method of a full factor
experiment can be used. As a tool that will allow simulating and analyzing the interaction of
various factors, the method of a full factor experiment can be used. Methods of the theory
of experiment are used to find optimal conditions and obtain formulas reflecting the
interaction of factors. Experiment planning applies for searching for optimal conditions,
building interpolation formulas, choosing significant factors.
The purpose of this article is to analyze the influence of the interaction of a pair of factors
on the coefficient of route execution possibility and ranking of selected factors by degree of
influence.
As factors that influence on the value of the coefficient of route execution possibility were
selected: x1 – the profile of the area, x2 – experience of the driver, x3 – the length of the
shoulder, x4 – the weight of the train. Accepted values of the zero level, the interval of
variation, the upper and lower levels of factors are given in Table 1.
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Table 1. Values of variables and variables range
Levels and interval of
variation of factor
Zero level
Interval of variation
Lower level
Upper level

Factors
x1
і, ‰
0
10
‐10
10

x2
Т, years
10
10
0
20

x3
L, km
300
200
100
500

x4
Q, t
4000
2000
2000
6000

The formula for determining the coefficient of route execution possibility with the
interaction of factors x1 and x2 will have the following form

k  0.8958  0.0025x1  0.0108x2  0.0075 x1 x2

The formula for determining the coefficient of route execution possibility with the
interaction of factors x3 and x4 will have the following form

k  0.8715  0.0057 x3  0.0014 x4  0.0033x3 x4

The formula for determining the coefficient of route execution possibility with the
interaction of the factors x4 and x2 will have the following form

k  0.8837  0.0218 x4  0.0315 x2  0.0089 x4 x2

The formula for determining the coefficient of route execution possibility with the
interaction of the factors x2 and x3 will have the following form

k  0.8948  0.0253x2  0.0071x3  0.0105x2 x3

The formula for determining the coefficient of route execution possibility with the
interaction of the factors x4 and x1 will have the following form

k  0.8919  0.0165 x4  0.0043x1  0.0203x4 x1

The obtained formulas are valid for the variables in the intervals of variation given in Table
1. According to them, it is possible to calculate the value of the coefficient of route execution
possibility at different combinations of a pair of factors. In this case, the coefficient of route
execution possibility takes the value from 0.85 to 0.926. The minimum value of the
coefficient corresponds to the interaction of the maximum values of x4 and x1, the maximum
value corresponds the interaction of the maximum value of x2 and the minimum value of x4.
By the force of influence on the coefficient of route execution possibility, the factors are
arranged in the following order: experience of the driver, the length of the shoulder, the
weight of the train, the profile of the area.
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One of the most important tasks of the car manufacturer is the design of the interior space
of the vehicle. Anthropometric characteristics of drivers are also important for designing
cars. In this paper the determination of the pedal force has been performed. The force
determination was made on digital human models for different populations, a total of 11
different populations of men and women [Table 1]. Analyzing was done in the software
package Ramsis and subjects were presented using “mannequin”.
Table 1. The anthropometric data of 5% female and 95% male population
Population
West Africa
North India
Eastern Europe
North Europe
Australia
South East Europe
Central Europe
South East Africa
Middle East
South India
North Asia

Height [mm]
5%
1440
1450
1540
1585
1565
1525
1560
1480
1529
1395
1504

95%
1785
1765
1845
1910
1885
1825
1805
1775
1800
1715
1820
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Sitting height
[mm]
5%
95%
741
881
771
919
831
959
846
999
831
979
811
949
826
989
771
909
801
944
746
874
801
961

Foot length
[mm]
5%
95%
212
278
205
270
225
285
227
280
220
280
220
285
220
288
210
280
222
280
200
265
207
275

Figure 1. The maximum foot pedal force (active and passive) of eleven female 5%
populations

Figure 2. The maximum foot pedal force (active and passive) of eleven male 95%
populations
Using this software package, car makers have the opportunity, before the first prototype, to
graphically display how the model interacts with its environment inside the car. Results
(Figure 1 and 2) show that the smallest value of the active and passive force has population
from Eastern Europe and North Europe 218.1 N and 238.5 N, respectively for active force,
and 233.8 N and 266.2 N for passive force. The South India, North India and West Africa
populations have the highest values of active and passive forces. Maximum value of active
force was 397.1 N (South India male 95% population), while the maximum value of passive
force was 408.7 N. By increasing the height of the male or female drivers, it can be concluded
that there is a decrease in the active and passive force values required to activate the pedal.
By calculating Pearson R coefficient in both populations, female 5% (R2 = 0.84) and male 95%
(R2 = 0.72), it can be concluded that there is a good correlation between active foot pedal
force and driver’s height. Also, in case of maximum values of passive forces R coefficient in
both populations also has a good correlation between passive pedal force and driver’s height
(over 0.69).
Acknowledgments. This research supported by the Ministry of Education, Science and
Technological Development of Republic of Serbia through Grant TR 35041.
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The last few decades have brought a great technological progress. At present time, a strong
trend of automation and data exchange process within the production area can be observed.
This tendency is considered as a 4th Industrial Revolution (called also Industry 4.0). The
concept of Industry 4.0 is based on the production environment where people and machines
create the cyber‐physical system, within which they communicate, cooperate and self‐
organize their job [1]. It is worth to mention that one of the major direction of Industry 4.0
is Human Robot Collaboration (HRC). According to this concept, collaborative robots (called
also cobots or co‐robots) ‐ equipped with safety and collision avoidance systems – assist the
human co‐workers in the most physically difficult and monotonic tasks within one
workspace. No additional safety fence is required. In the face of above mentioned idea,
reliable and accurate Indoor Positioning System (IPS) seems to be indispensable component
of modern production environment. Tracking of goods during the production process,
navigation and localization of people, robots and autonomous vehicles are only a few
potential applications of IPS in modern production plants.
It is worth to mention, that not only the industrial environments have changed over last few
decades. We are the witnesses of changing lifestyle and living conditions. Nowadays, our
society lead sedentary lifestyle. A huge percentage of people spend our time sitting at home
in front of their computers, TVs and smartphones. They do the shopping through the internet
and even build the relationships. It is predicted that in the near future people will spend
more than 70% of their lifetime within indoor environments [2]. Consequently, reliable and
accurate indoor positioning systems are highly demanded to complement widely used
satellite‐based technologies and to ensure tracking within outdoor environments. Such
hybrid system would provide real‐time monitoring of objects and people position regardless
they are within in‐ or out‐door environment.
The Global Positioning System (GPS) is the most commonly used localization system based
on the satellite technology. Nowadays, GPS receivers are built‐in most of everyday use
devices, like smartphones, watches or vehicles. The GPS system contains mainly 31 satellites
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and receivers. The satellites are evenly deployed in the Earth orbit and constantly broadcast
the radio signal about their position and current time. The signals from multiple satellites,
which arrive to the receiver are processed in order to calculate its current position. The
object position can be calculated as long as an unobstructed line of sight to four or more
satellites is assured. As a consequence, GPS technology is not sufficient for indoor
applications [3, 4]. Furthermore, indoor environments are usually more complex and
susceptible for noises which decrease the reliability and accuracy of positioning systems. All
the obstacles like, walls, furniture, electrical devices or human being influence the
propagation of electromagnetic field. In reference to above mentioned issues, it can be
stated that appropriate solution for positioning within indoor environments became a new
challenge for the present day.
Recently, the real time indoor positioning systems have become an object of interest for
many scientist centers. Despite the huge progress in regards to IPS that has been done over
last decades, a reliable, accurate, cost‐effective, simple and flexible indoor location system
is still searched for [3]. One of the biggest challenge that must be faced nowadays is not only
to develop reliable and accurate positioning system containing advanced and highly
specialized sensors but also to implement hybrid system which would be based on currently
existing technologies and commonly used devices [2]. WLAN‐based (Wireless Local Area
Network) indoor positioning system can be mentioned as an example of such approach.
WLAN technology reuses the devices and networks which are widely used almost
everywhere. Consequently, any additional equipment or infrastructure are not required to
implement IPS utilizing WLAN. Another approach which comes from an idea of reusing
already deployed technologies are smartphone‐based IPSs [5]. These are only two examples
of many different indoor positioning systems (based on IR, RFID, WLAN, Bluetooth and other
technologies) which have been already designed and implemented. More examples of
locating systems are given in the further part of this article.
The following paper contains a general overview of currently existing indoor positioning
systems as well as the authors concept of 2D wireless indoor positioning and orientation
system dedicated for autonomous vehicles based on Radio Frequency Identification (RFID)
technology.
References
[1] TUV Austria, Safety in Human‐Robot Collaboration 2016, www.tuv.at/i40 (accessed on
May 2019).
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Lateral dynamics of vehicles has been studied since 1950’s. A very often‐used single‐track
vehicle lateral dynamics model, frequently referred to as “Riekert‐Schunk single‐track
model”, was developed back in 1940. Analysis of simple single‐track models can explain a
large part of dynamic behaviour during handling of the vehicle, especially during stationary
ride. This enables faster testing and analysis of vehicle behaviour during ride and easy
translation of the models to the language of simulation programs. Although they contain
certain reductions, the single‐track models of vehicle lateral dynamics are nowadays used in
the design of steering system control units. However, due to their nature, these models do
not take into account the redistribution of weight in the lateral direction, nor the angular
oscillations of the vehicle around the longitudinal axis.
The linear single‐track models contain simplifications regarding the assumption of small
angles and linear dependence between wheel forces and slip angle. In addition, they do not
take into account nonstationary nature of vehicle vibrations induced by variable vehicle
velocity or road roughness. Considering the previous limitations, a nonlinear nonstationary
single‐track model of the vehicle was used for simulation of vehicle’s lateral dynamics in this
paper, Figure 1. The used model considered larger values of body slip angles and tire slip
angles, in which case the linearized equations of motion were no longer valid. In addition,
the selected model considered longitudinal, lateral and yow motion of the vehicle, under the
assumption that the vehicle travels over even road and that there was negligible lateral
weight shift and roll of the vehicle.
The following differential equations describe relations between different parameters of
motion in the adopted nonlinear single‐track model of lateral dynamics and parameters of
vehicle and tires, when only front wheels are steered:
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These equations were the basis for development of MATLAB/Simulink program for
simulation of lateral vehicle dynamics for nonlinear nonstationary vehicle model with real
inputs.
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Figure 1. Nonlinear single‐track model of the vehicle: (a) forces acting on vehicle, (b)
definition of the observed angles and velocity directions.
The developed nonlinear model of vehicle lateral dynamics was used for simulation with
real, experimentally obtained inputs: variable vehicle longitudinal velocity, vx , and steering
wheel angle, v (used to calculate necessary steered wheel angle, 1 ) in the form of
quasiharmonic curve. Model offers simulation results for several output variables that are
important for understanding the vehicle lateral dynamics: yaw angle,  , body slip angle, 
, tire side slip angles ( 1 ,  2 ), lateral dynamic reactions on the front and rear wheels ( Y1 , Y2
), vehicle lateral acceleration, y and lateral inertial force, Fiy .
The obtained results show that all output curves have a wave character that corresponds to
the model’s basic excitation ‐ steer angle of the front wheels. In addition, all simulated curves
have the same dominant frequency as the input curve of the front wheels steer angle. The
influence of variable velocity and system nonlinearities can not be clearly seen in the time
domain, so further analysis in spectral domain is necessary.
Acquired experimental data and the developed single‐track model of the vehicle lateral
dynamics may serve as a basis for application of estimation techniques in system parameter
identification and for solving the problem of optimal control with the aspect of estimation
of lateral vehicle dynamics.
Acknowledgments. The Ministry of education, science and technological development of
the Republic of Serbia funded this research through grant number TR35041.
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The paper is focused on railway carriage mass impact on retarder noise. In the ŽSR railway
network, many marshalling yards classified as a hump yards are using retarders. Those
retarders are sources of noise, which can have negative impact on surrounding
municipalities. The paper is showing measurements how acoustic power of the retarder
depends on railway carriage mass, and possibilities of negative impact reduction.
Measurements were performed on PHB 04‐S0 (RO) retarder. This type of retarder is used in
many ŽSR marshalling yards.

Figure 1. PHB 04‐S0 (RO)
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Measurements were performed with multiple railway carriages mass ranges in Teplička nad
Váhom marshalling yard. Also impact of noise on surrounding municipalities was measured.
Mass of the railway carriage significantly affects acoustic power. This is present even more,
when set of multiple carriages is braked. In graph bellow, noise levels during braking of single
carriage (mass 21t ‐ red) a triple carriage set (single unit mass 89t – blue) are shown. As one
can see, even in comparison of single 89t and 21t carriage there are significant differences
in peak noise level. Also frequency analysis was performed. Dominant frequency of the noise
is reducing with increasing weight of the carriage. Lighter carriages achieved frequencies in
the range of 3200, 5400, 6200 Hz. Heavier carriages achieved frequencies in the range of
1600, 2100, 3500 Hz.

Original idea was to modify marshalling to prevent multiple heavy weighted carriages
braking or make schedule for marshalling, so that heavier carriages could not be marshalled
during night. But this would not be possible because of effective operation of marshalling
yard. In this case, the ideal solutions are to build sound reducing barriers or other objects
such as buildings, vegetation. With combination of these solutions it is possible to reduce
impact of the marshalling yard on surrounding municipalities.
Acknowledgments. This work was created by the implementation of the project “Low Cost
Logistic System Based on Mobile Robotic Platforms for Industrial Use”, ITMS: 26220220205
supported by the Operational Programme Research and Development and by the European
Fund for Regional Development.
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Introduction. The paper is focused on optimizing the friction disc plates of the braking
system integrated into the space of the drive wheel of an automated guided vehicle (see
figure 1). At present, these handling vehicles are braked by an electric engine. This method
of braking is sufficient only to a certain extent. It is not possible to brake safely with an
electric engine at higher speeds and heavy loads. The research and development of the AGV
brake system is relevant to practice.

Figure 1. Automated guided vehicle (Handling equipment)
Solution of the topic. The inside space of the wheel of the transport handling device forms
an unused space. (see figure 2). This space was used to install the friction brake (see figure
3). The type of braking system is inspired by the braking system from planetary gearboxes.
However, the principle of brake operation will vary. In the planetary gearbox, the rotary
movement must be stopped immediately by friction plates. In this case, the braking force
will be applied gradually. During braking, the handling equipment must control the braking
force to prevent the wheels from locking. The literature of several authors has been used to
develop this braking system. The most used source is the book "The machine part and
mechanisms", that was needed when designing the brake. The book "Modeling and
simulation of Mechanisms with computer support" was also very important to the
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simulation of braking AGV. Last but not least, the experience of my older colleagues and all
listed references.

Figure 2. Drive wheel of AGV

Figure 3. Drive wheel with the braking system

In the first step, boundary conditions (e.g., space of inside wheel, speed, the pressure
between friction disc plates during braking, etc.) were determined. Four friction plates were
designed according to the inside space of the wheel (see figure 2). Subsequently, all friction
disc plates were subjected to mathematical calculations. This step is very important for the
correct design of the braking system. Graphically view of the axle with the final braking
system is in the figure below (see figure 4).

Figure 4. Drive axle with the braking system in cross‐section
Subsequently, the calculated values were compared to the boundary conditions and
evaluated. Two friction disc plates did not comply with the boundary condition. The other
two friction disc plates were simulated in Matlab software under assigned specified
boundary conditions. The software generated a graph using the iterative method. This way
of solution generates a sequence of approximations. The graphs show distance, speed, and
deceleration.

Figure 5. Simulation of braking with FDP‐C

Figure 6. Simulation of braking with FDP‐B

Conclusion. From the above graphs (see figure 5 – 6), it will be evaluated for which version
of the friction disc plates the research will continue. Keep in mind that optimizing the brake
system is a complex problem that is affected by a number of technical factors.
Acknowledgments. The research is supported by the Cultural and Educational Grant
Agency of the Ministry of Education, Science, Research and Sport of the Slovak Republic
under the project No. 046ŽU‐4/2018.
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The main objective of this paper is the theoretical and experimental study of the connection
between the value of the rotation moment developed by the motor of a vehicle and the
value of the forces existing in the process of interaction between the traction wheels of the
vehicle and the road surface (the wear layer of the road), when pulling away from the curb
on a flat road. Following up the (experimental) determination by calibration of the rotation
moment values depending on the different masses (weights) that the vehicle may have, with
the upper limit represented by the maximum value registered in the documents, the road
damage can be limited/reduced in due time by forbidding the access. The results of the
research make possible the development of some intelligent systems on all the vehicles, with
low costs and maximum benefit that consists of the permanent monitoring of the mass
(weight) in different zones with heavy traffic and the elimination /diminution of the road
damage level (as a result of mass exceeding on the axis) or the compensation by charging
the overweight.
The research paper presents a computer assisted measurement system meant to simulate
the operation conditions of a vehicle. This model will be used to check the mathematical
relations shown above that associate the weight of the system (vehicle) with the engine
moment required by its movement. The system was designed on the basis of the direct
method using a torque transducer.
In order to obtain data similar to the data of the research system, we took into consideration
a modular system that can be very easily modified, depending on the data we need. As
shown in the figures before, we highlighted a series of variants of simulation by means of
the Simulink Library of the software, selecting from the multitude of solutions the one that
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is closed to the studied phenomenon. Several simulations were made in order to reveal a
certain behavior of the system submitted to the perturbing component (weights).
The results of the research will provide the vehicles manufacturer with the information
necessary for the development of an intelligent system for low‐cost monitoring of the
weight, with maximum benefits, consisting of the monitoring of vehicle active components,
the permanent monitoring of its mass and the elimination/reduction of roads damage
(resulted from exceeding the mass on the axis) by access interdiction, fines or maximum
charging of the transport.
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In statistical analysis reports of traffic accidents, automobiles hitting against semi‐rigid
barriers and flexible barriers get a particularly large share. The impact phase between the
vehicle and the metal crash barrier is considered to be a deformation phase between two
bodies whereas the transformed kinetic energy as deformation energy. The objective is to
find an approach to estimate the deformation energy of the vehicle as well as the
deformation energy of the metal crash barrier separately, the residual energy of the vehicle
after the impact, making the automobile pass a certain distance. The method is based on the
law of conservation of mechanical energy, which is as follows:
m .V
2

m .u
2

I .ω
2

E

E

According to the functional dependence two options are possible: there is lack of residual
kinetic energy or there is manifestation of it after the impact. If residual kinetic energy is
manifested, the stopping distance travelled by the vehicle is found by means of the center‐
of‐mass motion theorem.
Equation clearly shows that not only the deformation energy of the two bodies, but also the
post‐impact vehicle velocity of the center of mass and the angular speed of the vehicle are
exhibited. If we apply the center‐of‐mass motion theorem, it would be a rather inaccurate
approach, for it would not be possible to estimate the kinetic energy for the rotation of the
vehicle after the impact.
The deformation energy of the metal crash barrier (Figure 1) is determined from equation
by integrating the finite element method. This method is used as a universal tool for
calculating and analyzing the behavior of mechanical structures in power and heat loads as
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well as for solving problems in fluid mechanics, heat engineering, theory of electric and
magnetic fields, acoustics, nuclear physics, etc.

Figure 1. Models for identification of impact
In this paper, a model of a car impact against a metal crash barrier is presented and
discussed. The energy of the rigid barrier deformation was estimated by using the finite
element method, and the energy absorbed by the deformed car body was examined by
performing impact phase reconstruction in a series of car crash tests against a metal crash
barrier.
After considering the mass inertial parameters, the solution to the post‐impact vehicle
motion is obtained. Initial conditions for the velocity of the center of mass and the angular
velocity of the vehicle, satisfying the differential equations for vehicle motion, determine
the residual energy of post‐impact vehicle motion.
Solution to a common engineering task necessary for legal analysis and widely used in case
law is provided. It determines the pre‐impact speed of a vehicle following roadside
objects/barrier impact and the loss of longitudinal stability after the impact. Traditional
methods analyzing such crashes, which are generally applied to modern impact investigation
and accident reconstruction, do not meet accuracy and precision requirements.
The proposed FEM approach is a modern innovative means of solving similar engineering
tasks in order to identify traffic road accidents. It is based on credibility and justification of
facts and evidence.
This method for investigating and analyzing head‐on vehicle impact with a rigid barrier can
also be applied to other vehicles and trucking fleets ‐ trailers and semitrailers. The solution
to the task requires precise post‐impact mechanical and mathematical model for vehicle
crashes, which represent the motion of the composition of the vehicle fleet.
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The automated logistics system, a comprehensive solution for logistics automation in the
industrial area, has been the subject of many industrial companies using this solution
in recent years. At present, the company CEIT a.s. (AGV manufacturer) is looking for a
solution to the demand for a low‐cost version of the undercarriage with multiple ways of
transporting cargo without using a peripheral. This article describes the design and
optimization of the traction unit for this version of the automated guided vehicle.
The device is based on a 6‐wheel chassis with a traction unit (the axle) in the middle of the
chassis. This orientation of the traction unit also serves as the equivalent of a mechanical
differential used mainly for small and low‐cost robots working indoor. It is independent
control of traction wheels driven most often by DC electromotors with encoders or stepper
motors. When designing a traction unit, it is necessary to identify the conditions in which
the equipment will be operating. The AGV traction unit must overcome the driving resistance
while driving. The higher the driving resistances, the greater the power of the traction unit's
electric motors, and the increased electric power consumption.
The nominal torque of the selected electric motor when the AGV acceleration is 1,12 Nm.
Check of the total output torque (TTO) of traction unit was performed as follows:

𝑇

𝑇
2∙ 𝑇
∙𝑖 ∙𝜂
68,32 𝑁𝑚 𝑇
57,2 𝑁𝑚

The resulting total torque of the traction unit is higher than the calculated torque required.
Traction unit drive is dimensioned correctly and will be able to operate in the event of a
small overload. The equipment test conditions result from the required operating
parameters, load: 432kg (batteries) and max. speed: 0.7 m/s. 14 measurements were made
after setting the measuring technique. The following figure 1 shows the position of the
traction unit on the AGV frame and figure 2 shows the way how to measure the ductility of
a device.
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Figure 1 Position of the traction unit
1 – traction unit, 2 ‐ frame

Figure 2 AGV with load
1 – AGV, 2 – load (batteries), 3 – industrial
scale, 4 – clamp multimeter

The measured traction force at the stopped electric motor is equivalent to the maximum
traction force needed to start the AGV. The measured traction force values of the AGV
confirmed that the designed parts of the traction unit (DC electric motor and worm gearbox)
are suitable for a low‐cost version of medium‐class AGV equipment. The traction force of
the AGV is 1000N and the electric motor torque of 1.12Nm will be sufficient for the start
acceleration AGV (see figure 3 and 4) because it is greater than the calculated maximum
torque.

Figure 4 Torque curve – 2. measurement

Figure 3 Torque curve – 1. measurement

In low‐cost solutions, economic point is a major factor affecting those solutions. The main
aim of the paper is to design a simple solution of parts of the traction unit and verify the
proposed solution by physical measurement for the required parameters of the equipment.
Testing of the equipment takes place in the laboratory of CEIT a.s., which developed this
equipment. The measurement results showed that the designed type of traction unit is a
suitable equivalent of servomotors and it can be usable as AGV's drive.
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This paper presents the development of control approach for aftermarket electronic throttle
control device, provided for use in an experimental light hybrid‐electric vehicle that was
made in the scope of ongoing student project of developing and creating a light hybrid‐
electric vehicle as a platform for educational and research work. The vehicle is configured as
a parallel hybrid with IC engine power at the rear axle and two electric hub‐motors at the
front axle. Originally, the IC‐engine throttle system was operated by means of mechanical
linkages and cable, which is not appropriate for optimal control of the simultaneous
operation of both the IC engine and electric motors. Therefore prototype of new electronic
throttle control system has to be developed, exerting control of both IC engine and electric
hub motors by using the single accelerator pedal (Figures 1‐3).

Figure 1. Working principle of a Scotch yoke mechanism Error!
Reference source not found.
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Figure 2. Servo motor and the Scotch yoke 3D printed mechanism
This way full exploitation of hybrid drive potentials can be enabled. The new control system
also has to use a controller with appropriate software for conversion of the control signal to
the actuator displacement. In the scope of this paper, the development of a closed‐loop
based control algorithm is described.

Figure 3. Prototype
Acknowledgments. This paper was done as a part of the researches on the project TR35041
– "Investigation of the safety of the vehicle as part of cybernetic system: Driver‐Vehicle‐
Environment" and the project TR31046 " Improvement of the quality of tractors and mobile
systems with the aim of increasing competitiveness and preserving soil and environment",
supported by Serbian Ministry of Education, Science and Technological Development.
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Optimization of the maintenance system should be understood as looking for a compromise
solution that will be most acceptable in maintaining the technical systems available.
Optimizing the maintenance system, using a preventive maintenance model, is usually
reduced to asking for an answer to the question of whether it is useful to apply preventive
maintenance, and if yes, after a certain amount of time it is necessary to apply preventive
maintenance procedures. If it is possible to determine the legality, to which the reliability
distribution function is subject, it is possible to determine all other parameters of reliability.
An optimal maintenance strategy for the technical system can be determined if there are
data on the failure of the technical system during its use. Finding an adequate mathematical
model that can present the legality of the behaviour of the technical system from the aspect
of the occurrence of malfunction is one of the basic elements for forecasting its behaviour
in the future and optimizing its maintenance system.
Since the correctness of establishing the reliability distribution model is dependent on all
further conclusions and decisions related to taking appropriate measures in order to
maintain the required level of reliability of the technical system. This stage of analysis should
be given special attention. The aim of the paper is to find an optimal strategy for
maintenance of the technical system, based on the indicator of its reliability, which is based
on data from exploitation.
We will consider the basic principles for the development of a preventive maintenance plan
(implementation of works according to the regulations) for long‐term use vehicles. It is
known that complex vehicles consist of a large number of blocks of different types, sub
blocks, as well as some dismantling mechanisms, modules and parts. Preventive
maintenance of such vehicles reduces the degree of its utilization. Using the aforementioned
methods for determining the preventive maintenance characteristics shown in this paper, it
is possible to make a plan for the dynamics of vehicle maintenance. In doing so, it is
necessary to implement the following steps:
1. Based on the analysis of statistical data on the causes of malfunctioning and failure of
vehicles obtained during factory tests and experimental research, the character of
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malfunction is determined. They are precisely defined and finally determined by the laws of
changing the forecasting, outgoing or general parameters, statistical data are processed
which determine the law of distribution of the working time without the cancellation of
vehicles when the determination of forecasting parameters is difficult.
2. On the basis of data on the nature of the malfunction, as well as on the basis of
experimental research, the methods for monitoring the accumulation of malfunctions in the
process of use are determined and define the acceptable (possible) methods for their
detection.
3. Optimum preventive maintenance characteristics for each group of vehicles are
determined: the periodicity and duration of preventive measures are determined.
4. The budget for the harmonization of preventive measures is being implemented.
Integration of individual operations into a common complex of preventive measures is
carried out either by periods of operation without cancellation, or by calendar dynamics. In
doing so, the total time of the works during which the vehicles are excluded from
exploitation is determined, and the degree of its exploitation is estimated.
5. The quantity of additional spare equipment, additional forecasting equipment and control
provided for by the continuous maintenance system is determined if the level of utilization
of the analysed vehicle is below the required level.
An optimal vehicle maintenance strategy can be determined if there are data on the
occurrence of a cancellation of a vehicle during its use. Finding an adequate mathematical
model that can present the legitimacy of vehicle behaviour from the aspect of defects is one
of the basic elements for forecasting its behaviour in the future and optimizing its
maintenance system. Since the correctness of the reliability distribution model is based on
all further conclusions and decisions related to taking appropriate measures in order to
maintain the required level of vehicle reliability. This stage of analysis should be given special
attention.
Analysis of reliability, and in general failure of parts of the vehicle, can be achieved by
statistical and / or instrumental methods of forecasting. Starting from the minimum cost
value necessary for the prevention of preventive maintenance procedures, in this paper, the
methodology for determining the optimal periodicity of the replacement of parts using the
statistical method, as well as the methodology for determining the optimal periodicity of
forecasting using the instrumental method is presented.
As a basic characteristic, which allows taking into account the impact of the length of
preventive maintenance, the correctness of the vehicle and the determination of its
optimum duration, it is possible to take the efficiency of using the vehicle.
In determining the periodicity of the implementation of the procedures of preventive
maintenance technology, it is necessary to bear in mind that increasing the number and time
between consecutive preventive maintenance procedures, only to a certain value, leads to
an increase in the effectiveness of the vehicle. Too many implementations of preventive
maintenance procedures, reduces the likelihood of failure of the vehicle, but increases the
costs of its exploitation, and therefore reduces its effectiveness. Using the methodology
shown in this paper, the dependence of the cost of implementing preventive maintenance
procedures can be determined, depending on the characteristics of the vehicle reliability. By
applying the methodology presented, it is possible to determine the value of the minimum
cost of preventive maintenance that corresponds to the optimal reliability reserve and the
length of the forecasting period.
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From the emergence of Fetinger's principle, to date, the development of hydrodynamic
power transducers (HDPS) has gone upward, with intense or less intense periods of
development, in order to experience a booming development over the past few decades. In
the previous period, thanks to the large number of researchers in this field, many types of
these notebooks have been developed and today it is almost impossible to list all types and
models designed for different applications. New concepts in the treatment of power transfer
have led to the vigorous development of HDPS. The fundamentally analysed power transfer
of HDPS, and not only based on currently observed characteristics, has led to the creation of
conditions for mass production and their wide application in all industries. Such an approach
leads to the final affirmation of Fetinger's principle of power transfer and development, on
this principle of a whole series of transmissions for a wide variety of applications. The
numerous theoretical and experimental investigations in the field of HDPS, as well as the
monitoring of their behavior in exploitation, confirmed the importance and justification of
their application in almost all areas of the technique. The favorable characteristics of this
type of power transfer, confirmed in exploitation, have enabled them massive application,
and today there is virtually no industry in which they are not applied or justified they cannot
apply.
In the study of the influence of geometric parameters on fluid flow parameters in the turbine
working area, an indirect measurement method was used, which is based on the definition
of pressure on the walls of the velocity probes. Non‐regulating turbodiesel D‐370, active
circulation diameter 370 mm, with different the position of the blades (radial and slanted)
of the production industry of "14. Oktobar" from Krusevac. The number of pump blades is
45 and turbine 43. In order to carry out these investigations, it was necessary to create an
original experimental plant, which is described in more detail in. Its components include:
asynchronous electromotor type OPS 80/4 "Sever" ‐Subotica, accepting device of the
research facility, hydraulic braking device of the hydrodynamic type ut‐30 of the German
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company Schenk‐Heker, a five‐stage mechanical gear and measuring equipment. The
accepting device represents the original conceptual and constructive solution of the author.
The following measuring equipment was used: Pressure transmitter P.4AK, for measuring
range 0‐20 bar, production of the German company HBM, and with a cylindrical probe
connected by a hose of 8 mm diameter; Universal digital meter for electrical quantities of
HBM production; Six channel (KWS 673.A4) and dual channel (KWS 85.A1) analogue HBM
production amplifiers; Temperature thermo par produced by Swedish company SVEMA;
Measuring shaft T30 FN 3/5 production of HBM.
The investigations were carried out at the angular speed of rotation of the pump circle
107.02 s‐1, the gap between the blades of 4.5 mm, the slip coefficient of 3.5% and the filling
of the turbocharger with 85% mineral oil of a viscosity of 21 mm2 / s at 323 K.
Using a single‐channel cylindrical probe of 3mm diameter, with a diameter of 0.6mm, the
values of current and stop of the pressure, as well as the angle, which defines the direction
of flow velocity of the fluid are measured. Using the known connections between the
pressures and the flow velocity of the fluid, the velocity of the flow velocity in the plane
parallel with the axis of rotation is determined. Then, on the basis of the measured (pd, ps)
and the calculated the size of the cartoon diagrammatic dependence of the changes in the
measured and calculated values with the change of the position of the measuring point in
relation to the rotation axis.
The obtained results of the investigation of the influence of the position of the wheel blades
and the gap between the blades on the shape of the flow in the working area of the
hydrodynamic couplings indicate the following conclusions:
‐ At a lower value of the gap between the HDS blades, higher values of the volume and
meridian components of the absolute fluid flow velocity are obtained, as well as the lower
value of the angle of convection of the working fluid current when it is released from the
HDS blades. Then, the less value of the coefficient of current leakage is obtained, and thus
the higher value of the effort and the degree of utilization of HDS work circuits;
‐ HDS with tilted blades has considerably more unfavourable HDS flow rates with radial
blades;
‐ The two previous findings, based on the results of the experimental research, suggest that
the geometric parameters of the HDS workspace have a decisive influence on the flow mode
in them.
‐ The highest total fluid pressure occurs near the smallest and largest diameter of the HDS
workspace, and its smallest value appears in the interval (0.73 0.95). That indicates the
existence of the so‐called center of the meridian stream in that area. In this area, there may
be a cavitation in the HDS pump circulation, both in the starting mode and in the turbine
circuit.
‐ The value of the volume component of the absolute velocity of fluid flow in the HDS
workspace is smaller, over the entire width of the blades, of the value of the transmission
speed and for HDS with radial blades and code HDS with sloping blades. This finding indicates
the occurrence of the fluctuation of the working fluid current over the entire width of the
HDS blades;
‐ The value of the meridian component of the working fluid flow rate increases from the so‐
called the center of the meridian flow to the minimum and maximum circulation diameter;
‐ The values of the angle of working fluid flow in HDS with radial blades, under the same
other conditions, are less than the value of this angle in HDS with sloped blades.
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The basic function of the turbine is the transformation of the kinetic energy of the water into
the mechanical energy of the rotating parts of the turbine. The operating conditions of the
turbine depend on a large number of influencing parameters such as field configuration,
possible flow and fall combinations, etc. Many different types of turbines have been
developed to cover a wide range of working conditions. It can be said that turbines used in
small hydropower plants are a reduced version of turbines used in conventional large
hydroelectric power plants.
According to the qualification of the turbines according to the delivered electricity of the
micro hydro power plants, they include a power range of 5 to 100 kW.
Considering that in the case of micro‐flow hydroelectric power plants, the flow of water
varies widely, which is why water turbines are chosen that work efficiently at wide flow
limits.
Crossflow turbines are pulse turbines in which water passes twice over the blades of the
impeller. It has a simple construction with three main components: Rectangular introductory
device, which directs the flow of water over two profiled blades placed side by side; Impeller
drum with arched profiled shovels; enclosures that, in accordance with the flow of water,
surround the impeller and on which the impeller of the impeller is clamped.
With the Francis turbine, the introducer device is a fixed wheel, where the introductory
blades are located. The blades are articulated so that the turbine operation can be
controlled. The water is fed by a circular channel and directs it to the impeller via the opening
blades. The impeller is connected to a shaft that is clamped over the main bearing of the
turbine and connected to the gear and generator.
The Kaplan turbine impeller is similar to a propeller. It is primarily intended for low altitude
falls, where it has a good degree of efficiency. The blades of the impeller at Kaplan's turbine
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are attached to the hub so that their position can be adjusted. The impeller is most often
placed in the spiral housing so that the water flows radially through the input device and
radially through the impeller. A complete turbine can be integrated into the pipeline, which
enables a compact construction.
Selection of turbine is significantly influenced by the available flow and its change during the
year. In this regard, the following cases should be distinguished:
• Constant flow ‐ a turbine with a fixed hole is selected at the input of the propeller turbine
(Kaplan's with fixed inlet blades) and Pelton to a constant diameter of the nozzles.
• Small change of flow ‐ turbine is relatively little exposed to variable flow. A Fransis or
Kaplan turbine is selected with a fixed fixed hole at the inlet for maximum efficiency.
• A large change in flow ‐ turbine very often does not have enough water. Despite the
reduced efficiency, it is recommended to use a flow turbine or a Fransis turbine. Pelton
turbines with multiple nozzles, as well as Kaplan turbines with 2 degrees, can be used as they
can be adjusted according to the flow.
From the aspect of optimal exploitation of the available hydroelectric power plant, it is
necessary, in accordance with hydrological conditions, to harmonize the choice of the
turbine itself, its construction parameters with the parameters of the machine plant or the
generator itself. It should be noted that the working speeds of the turbine circuits are not
fixed and can be changed within certain limits by changing the design parameters of the
turbine.
The current generator is connected to a network having a constant network frequency of 50
Hz. Therefore, it is necessary that the number of revolutions of the generator does not
change and that it is harmonized with the other parameters of the hydroelectric power
plant. The following should be taken into account:
• With the increase in the speed, the centrifugal force increases significantly, and therefore
the mechanical mapping of the machine group, and therefore the nominal speed is limited
to 1500 min‐1.
• When applying a generator with a rotational speed below 600 min‐1, the overall dimensions
and therefore the specific price of the genarator are growing, while at the same time
reducing the energy efficiency due to magnetic losses.
• It is therefore recommended that, with turbine speeds below 750 min‐1, using a multipixer
power transmission, the rpm rises to 1500 min‐1 or 1000 min‐1 and optimally exploits
available hydropower.
From the aspect of optimal use of the available hydroelectric power plant, it is necessary, in
accordance with hydrological conditions, to harmonize the choice of the turbine itself, its
construction parameters with the parameters of the machine plant or the electricity
generator itself. In this regard, the application of the generator with the numbers of
revolutions of 1500 min‐1 or 1000 min‐1 is purposeful, with adequate harmonization with the
speeds of the turbine circuits with the use of a power transmission ‐ multipixer.
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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
category
I
II
III
IV
V

Type of room
In working rooms where a longer period of time is mostly
standing
In residential and office spaces
In exhibition and similar halls
In the bathrooms and swimming pools
In rooms where short stays, or through which only passes

tS‐MAX [°C]
25
28
30
32
35

Table 2. Simulation scenario
tIN [°C]
L [mm]

30
35
40
45
50
70; 80; 90; 100; 110; 120; 130; 140; 150; 160; 170; 180; 190; 200
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Figure 1. Initial boundary conditions before simulation of LTEFHP
Table 3. Characteristics of materials in the construction of the LTEFHP
Ordinal
number
1
2
3
4
5
6
7
8

Material

H [m]

ρ [kg/m3]

cP [J/kgK]

λ [W/mK]

Granite plates
Cement screed
EHC
PVC foil
Styrofoam
Reinforced concrete
Ggravel layer
Stone layer

0.012
0.05

2700
2200

920
1050

3.5
1.4

960
1500
960
840
840

0.19
0.035
2.04
0.81
2.035

‐
0.001
0.05
0.04
0.2
0.25

1200
33
2400
1700
1750

The results showed that LTEFHP can easily be used to heat residential and office space
(category II) 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 ≥50°C.

Acknowledgments. This investigation is а 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
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Vertical Kaplan turbines with nominal power of 200 MW, made in Russia, have been installed
at 6 hydroelectric generating sets of "Djerdap 1". Most of the components were made of
steel in accordance with GOST and ASTM standards. During the rehabilitation of the
hydroelectric generating set A6 non‐destructive testing methods were performed on parent
material and welded joints of the main oil/air tank and air tank with the auxiliary oil/air tank,
which acts as pressure accumulator in the regulation system, in order to carry out the
analysis of the current state and integrity evaluation for the regulation system of the turbine.
Regulation system supplies the turbine regulator with oil and regulates the movement of
guide vane apparatus vanes. It also regulates the position of runner blades and number of
revolutions of the turbine shaft (Figure 1). Shells of all 3 tanks were made of steel Č 1205,
while bottoms were made of Russian steel St 20K. Tests were also performed on pipeline
elements (pipes and elbows). In order to carry out the analysis of the current state and
evaluate the integrity of the air tank, which is a component of the regulation system of A6
turbine at hydro power plant "Djerdap 1", non‐destructive tests were performed. These tests
were supposed to confirm the adopted value of quality factor of the welded joint ν = 1,
because for this value no damages on parent material and welded joints of pressure
equipment are allowed.
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Figure 1. Appearance of tanks which are integral parts of the regulation system
of A6 turbine
The results of non‐destructive tests performed on air tank are presented in this paper.
Mechanical damages were detected by visual inspection at parent material of the shell and
at the upper bottom, as well as discontinuous and incompletely welded joints on the inside
and outside of the tank. Surface linear crack type indications were detected through
magnetic particle testing at intersections of welded joints on the inside of the tank. Internal
crack type defects were detected through ultrasonic testing of welded joints. On the basis
of test results the technology of reparatory welding / surface welding of parent material and
welded joints was created, while on the basis of the analytical calculation of tank strength
the evaluation of its integrity for the following 40 years of operation was obtained. Integrity
of structures is a relatively new scientific and engineering discipline which, generally,
comprises the state analysis, behavioral diagnostics, service life evaluation and rehabilitation
of structures. It means that, aside from the usual situation in which the integrity of the
structure needs to be evaluated when the defect is detected, this discipline also comprises
the stress state analysis of the crackless structure. This approach is especially relevant for
welded structures subjected to operating conditions suitable for crack initiation, such as
fatigue and corrosion.

Acknowledgments. The authors are thankful for the financial support from the Ministry of
Education, Science and Technological Development of Republic of Serbia trough project
TR 35002.
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In this paper we analyze blade geometry optimization for 30 kW wind turbine with 6.5 tip
speed ratio via Betz and Schmitz formulas, using “QBlade” software. Numerous studies were
conducted using simple Blade Element Momentum (BEM) theory for horizontal three‐bladed
wind turbines. In “The Performance Test of Three Different Horizontal Axis (HAWT) Blade
Shapes Using Experimental and Numerical Methods” by Hsiao et al., experimental and
numerical methods were used to test three different horizontal axis wind turbine blade
shapes. In “Comparison of Qblade and CFD results for small‐scaled horizontal axis wind
turbine analysis” by Koc, Günel and Yavuz, a unique approach was developed using BEM
method to obtain the optimal twist angle and chord length for small wind turbine design.
Chord will be calculated according to the following Betz formulas:
c(r ) 
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Blade optimization after Schmitz will also be conducted, according to the equation:
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Annual energy production (AEP) can be computed via equation:
AEP 
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In the conducted simulations the blades are divided into 100 elements. After both blades
are calculated and 3D models are created, BEM analysis is conducted for both blades. In
figures 1 and 2 is shown power curve for both cases, which are generated after BEM theory
is applied on 100 aerodynamically independent elements. Note that cut‐in wind speed is 3
ms‐1 and cut‐out is 30 ms‐1.
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Figure 1. Power curve generated for
Betz optimized rotor

Figure 2. Power curve generated for
Schmitz optimized rotor

Betz optimised rotor has the highest power generation at 13.1 ms‐1 with 31.55 kW, while
Schmitz optimized rotor has highest power generation at 12.9 ms‐1 with 29.56 kW. This gap
close to 2 kW will have some effect in annual energy production.

Figure 3. Power coefficient generated
for Betz optimized rotor

Figure 4. Power curve generated for
Schmitz optimized rotor

By analysing figures 3 and 4, small Cp difference can be noticed. Highest Cp ratio for Betz
optimised rotor is 0.458 at 5.23 TSR, while for Schimtz optimised rotor Cp ratio is 0.46 at 5.3
TSR. While these are highest values of Cp ratio, at rated TSR (6.5) according to which both
rotors are calculated these values are 0.416 and 0.418 for Betz and Schmitz optimised rotor,
respectively.
By using software “QBlade”, power curve of wind turbine with rated power of 30kW, TSR of
6.5 and rated wind speed of 9.8 ms‐1 is analysed using Betz and Schmitz formulas for blade
geometry optimisation. Chord distribution is optimised, while twist angles are same for both
cases when calculated and optimised so angle of attack has maximum value. 3D models of
blades and rotors are generated and BEM analysis is conducted (for 100 elements blade
discretization), thus, calculating power curves and power coefficients. Weibull distribution
is used to calculate probability for certain wind speeds to occur (parameters k and c are the
same for both cases with values of 2.38 and 8.5 ms‐1). AEP for Betz optimised rotor is 124142
kWh, while for Schmitz optimised rotor AEP is 120775 kWh. It is noted that, observing wind
turbine of 30kW differences in power curves and power coefficients have 2.79% AEP for Betz
optimised blades, compared to Schmitz optimisation.
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The concept of the product life cycle (PLC) was introduced in the fifties of the last century in
scientific researches. The existence of the biological life cycle is implemented on the
products. Namely, the PLC represents one cycle or the process from birth to death. The
product life cycle is an important phenomenon because it describes all the phases through
which it passes. In each phase, the product is interdependent with the society, economy and
environment, and it encounters a number of limitations.
From the point of view of the environment, the current economic model is based on the
transformation of resources into ready to use products and their disposal. This economic
model, ie the product life cycle is not eco‐friendly.
The previously mentioned fact can be proved by certain analyzes, such as life‐cycle
assessment (LCA). The LCA is a technique to evaluate environmental impacts related to all
the phases of a product's life cycle. This assessment takes into accountnumerous
activities:from extraction the raw material and its production, manufacturing of a product,
product use, end‐of‐life disposal and all of the transportation activities thathappen between
all mentioned phases.
Today the automotive industry is a driving force for the development of national economics
so the number of a vehicle increases expeditiously. As an integral part of the vehicle, tires
are generated annually in large amounts all over the world. The growth of the car tires
production affects the environment and also the growth of non‐degradable waste which has
a large energetic potential but which currently is not fully used.
The aim of this study is to evaluate the environmental impact of car tire during its whole life
cycle. That analysis can be achieved throughout its service life, from the acquisition of the
raw materials through to the recycling of the worn tire, because the tire constantly interacts
with the environment. Approaches to effectively reducing the negative environmental
impact can be demonstrated only on the basis of detailed knowledge of this interaction.
This is why a life cycle assessment quantifies the material and energy flows in the different
stages of a tire’s life cycle (life cycle inventory analysis) and describes the interaction with
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the environment (impact assessment and interpretation). In this study, the environmental
impact is evaluated by using methodology Eco Indicator (EI) 99, which is one of the most
widely used impact assessment methods in LCA. The EI was developed to connect the life
cycle inventoryresults with procedures for determining weight coefficients, with the aim of
presenting LCA results at all levels.
In this paper, EI 99 methodology is done for a single tire with an average service life of
50,000.00 km over a four‐year period. The car tire is assumed to weight approximately 6.5
kg.
The main phases of the life‐cycle tires that are analyzed in this research:
Phase 1. Production of raw material: the feedstock for tires is manufactured from mineral,
fossil, and reused resources.
Phase 2. Production/manufacture of the tire: includes the production of the structural parts
of the tire and its packaging.
Phase 3. Distribution/transport of the tire: involves all activities that are undertaken in the
transport, storage and distribution sector.
Phase 4. Use of the tire: includes using process scenarios and processes such as
maintenance, repair, cleaning of the tires, etc.
Phase 5. End‐of‐life tires: includes activities that are associated with collecting the worn tire
and its disposal.
Phase 6. End‐of‐life processing: involves all activities that are established on waste
management and treatment.

Figure 1. Life‐cycle of the car tire
In this research, the above‐mentioned phases are analyzed expect phase 5. and 6. Due to
insufficient data, the EI was not calculated for the disposal phase but it is known that the car
tire has a big negative impact on the environment in this phase.
According to the calculation which is done in software Microsoft Excel, it is concluded that
the biggest environmental impact and expenses have the “production” phase.
Based on the obtained results, can be summarized that the way of production of the car tire
is necessary to be changed and improved. One of the solutions for that is implementing the
circular model of production, ie using the worn tires in the production process.
Life‐cycle assessment is very important because based on values which are obtained from
analysis, it is possible to identify activities in life‐cycle phases that can be improved and on
that way it is possible to reduce the negative impact of the tire on the environment.
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The aim of this paper is to examine the possibilities of using selective absorption facades in
the construction of Serbian and Estonian houses in order to reduce the energy consumption
during the heating season. Defined simulations will be carried out by EnergyPlus. This
software is a collection of many program modules that work together to calculate the energy
required for building heating and cooling, using a variety of systems and energy sources. It
does this by simulating the building and associated energy systems when they are exposed
to different environmental and operating conditions. The core of the simulation is a model
of the building that is based on fundamental heat balance principles.
The subject of research is the family house shown in Figures 1 and 2. The net area of the
house is 180.75 m2. The net conditioned building area is 171 m2 (storage room and closet
are unconditioned rooms). The total surface of the thermal shell is 432 m2 and window‐wall
ratio is 14%. The family house has two floors (ground floor and first floor).

Figure 1. Northwest facade

Figure 2. Southwest facade
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According to simulation procedure, four simulation scenarios are performed. Since, the
minimum regulation requirements of thermal characteristics are different for Serbian and
Estonian house, all simulations are carried out for two houses, separately. Initial scenario
(DHM) has been implied two houses (Serbian and Estonian), built according to current
regulations of building thermal characteristics as minimum requirements (the highest
allowed heat transfer coefficients). Thermal and solar absorptance (and emittance) are
adopted as usual for a building façade, 0.9 and 0.7, respectively. This means that building
façade of DHM absorbs solar radiation and emits thermal (infrared longwave) radiation very
well. Other three simulation scenarios has been implied two houses with changed
absorptance characteristics of the south (S), south and west (S, W) and south, west and east
oriented wall. In Figure 3 the percentage savings of the monthly heating energy consumption
of Serbian and Estonian house using different insulation thickness and selective façade is
given. For this review the warmest and coldest heating season months in Kragujevac, Serbia
(April and January, respectively) and Tallinn, Estonia (October and January, respectively) are
considered. For all presented cases the simulation scenario is S (selective south façade).
Figure 13 shows that in case of Serbian house for the warmest heating month (April) the
percentage savings are positive even for south wall without insulation layer. The maximum
energy savings (8.51%) Serbian house achieves with maximum insulation thickness (south
selective façade). For the coldest month (January) only for south wall without insulation
layer savings are negative (‐4.00%). Also, figure 13 shows that in case of Estonian house for
the both considered heating months (October and January) the percentage savings are
positive only for maximum insulation thickness. In case of the coldest month (January) and
maximum insulation thickness the energy savings effects of south selective façade are
insignificant (0.41%).

Figure 3 Percentage savings of the monthly heating energy consumption of Serbian and
Estonian house using different insulation thickness and selective façade for selected
months
Acknowledgments. This work was funded by the Ministry of Education and Science of the
Republic of Serbia under the contract TR 33015.
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Bridges are the typical constructions exposed to the combined effect of carbonation,
chloride ingress and mechanical load. Such structures are prone to corrosion that threatens
their durability and reduces the service life and bearing capacity. Even though the physical
law for the analysis of the penetration of agents inducing steel reinforcement corrosion, such
as chlorides or carbon dioxide, are known, the modelling still contains lot of unknowns,
especially in case of heterogeneous material, such as concrete.
Numerical modelling of chloride penetration might be simplified using deterministic 1D
numerical diffusion model called Crank’s solution applied by Collepardi:
C

,

C 1

erf

,

where Cz,t is concentration of chlorides [% by mass of concrete], C0 is concentration of
chlorides [% by mass of concrete] at the surface of concrete, Dc is apparent diffusion
coefficient of chloride ions in concrete [m2∙s‐1], t is chloride exposition time [s], z is depth of
the layer from the concrete surface [m].
In this paper, the data from the regular inspections of 5 highway bridges in the Czech
Republic were analysed with respect to the corrosion related durability aspects and
modelling of reinforced concrete. In each location, the samples were taken from three
different depths of 0–10, 10–20 and 20–30 mm from the concrete surface. Subsequently,
the value of pH and the amount of water‐soluble chlorides were measured in water leaches
in laboratory.
Suitable chloride profiles, that are characterized by decreasing value of chloride
concentration, were selected for the subsequent regression analysis.
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The lacking parameters, that are in this case the diffusion coefficient Dc and the chloride
concentration on the surface C0, were determined iteratively by the analogy to the least
square method:
∑ ∆𝐶
∑ ∆ 𝐶
𝐶 , ,
𝑆
where Sj is sum of the squares in the j‐th iteration [(% by mass)2], N is number of layers
in profile, ΔC(i) is difference between the measured and calculated concentration of
chlorides in the N‐th layer [% by mass of total cementitious materials], Cm(i) /Cc(j,i) is
measured/calculated concentration of chlorides [% by mass of total cementitious
materials].
The full length paper contains description of the above mentioned numerical procedure in
detail, including demonstration in case of selected single pole bridge No. 55I‐030. The trend
of the ratio between chloride ingress rate and the diffusion coefficient is not proportional
(Figure 1). Based on the visual assessment of the bar chart, it cannot be proved that the
diffusion coefficient is correlated to the concentration of chloride ions. Thus, it can be
concluded that for the successful determination of the diffusion coefficient three measured
values are not sufficient and the analysis is burdened with a numerical error. For more
precise determination of diffusion coefficient is recommended 6 measurements for every
drilled core.

Figure 1. The chloride profile and calculated diffusion coefficient Dc for selected samples
of the bridge No. 55I‐030.
The visual comparison of the ratio between the diffusion coefficient and chloride profile
values was used to evaluate the quality of approximation. This procedure with quantified
measurement might be tested in the future research as the tool for the assessment of the
quality of chloride profile data.
Acknowledgments. This contribution has been developed as a part of the research project
GACR 18‐07949S “Probabilistic Modeling of the Durability of Reinforced Concrete Structures
Considering Synergic Effect of Carbonation, Chlorides and Mechanical Action” supported
by the Czech Science Foundation. We are grateful to Mr. Igor Suza from Mostní a silniční,
s.r.o. company that enabled the processing of presented data from in‐situ measurements
carried out by him and his colleagues.
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Alternative energy sources have a number of advantages over energy derived from fossil and
nuclear power plants. Large potential from this aspect has small hydropower plants, which
are not expensive, they can be installed on small rivers, and in this way the received
electricity is much cheaper. One of the problems that need to be solved is to prevent the
penetration of impurities into turbine plants. This is solved by placing protective trash rack
on water intakes. The paper presents an innovative solution for horizontal fine trash‐rack
with cleaning function for small hydro‐electric power stations.
For solving prevention of impurities into turbine plants, three conceptual solutions are
developed and for further work was chosen third solution.
Choosen conceptual solution (Figure 1.) is the transmission of the drive from the working
point to the trash‐rack is not carried out directly by mechanical connection, but indirectly by
electrical means. A current generator 7 is installed on the impeller of the impeller through
the corresponding multiplier. The drive unit is now running via an electric motor with
gearbox 8, which is connected to the chain drive chain. This variant is more expensive
compared to variants 1 and 2, but provides a number of advantages.
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Figure 1. Trash‐rack – variant 3

The complete plant for autonomous electrical energy production consists of side panels and
sheet metal, the function of which is to direct the flow of water properly. The shape of the
sheet metal is harmonized with the construction of the Poncelet wheel. A water flow control
mechanism is also installed with the appropriate guides of the stop plate (plate closure). The
flow can be regulated via a threaded spindle. On the side are the mounts on which the
impellers of the impeller are fixed.
The torque transfer from the impeller to the generator is carried out over the stepped shaft.
The link of the shaft with the impeller is made via conical clamping rings and with the
generator via the coupling.
The horizontal fine trash‐rack with cleaning function is constructed according to the model
of conveyor belts with movable perforated plates.
The basic components or components of the trash‐rack are:
1. Perforated plates are mutually articulated with rollers for operation and guiding
2. A supporting structure of the trash‐rack, which has a guide function;
3. Set the sprocket with the drive, ie the driven shaft
4. Protective sheet for trash‐rack, with a brush for removal of impurities and waste from
the grid;
5. Electric motors for the peripheral motor (24V / 600W DC motors), connected to the set
of drive sprockets 3a.
Due to the power generated by the Poncelet impeller (Pt = 612W), the following type of 24V
/ 600W DC motors, PM296 of the Ningbo Jirun Electric Machine Co. Ltd. The generator is
supplied with the multiplier to increase the speed with nt = 16.2 min‐1 at nG = 1450 min‐1.
The generator current is charged with AKU batteries and is powered by an electric motor to
drive the trash‐rack.
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In order to reach designed power output of 2 x 348.5MW at two units of the Thermal power
plant Kostolac B, a number of modernization and reconstruction activities are performed as
well as static and dynamic fresh steam pipeline stress analysis. All overhauls and retrofits are
conducted with aim to increase plant efficiency and reduce environmental pollution. In order
to reach the design power, it was determined that it is necessary to increase the fresh steam
flow rate from 1000 t/h to 1060 t/h. In this paper, the calculation methodology and obtained
results of pipeline stress analysis of the fresh steam pipeline with new operational conditions
are presented. Maximal fresh steam pipeline loads are determined in cases of transient
conditions. The results of the pipeline stress analyses are presented together with the
determined support loads and hangings. The steam pipeline operational parameter are
analysed during trips and shut‐offs, cold and hot start‐ups and drainage conditions. Obtained
results are support for the safety analyses and operational conditions determination.
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b)

c)

d)

Figure 1. Parameters of fresh steam in RA steam pipeline in case of a) unit shut‐off from
full‐power and hot start‐up, b) unit shut‐off from full‐power and hot start‐up, c) cold start‐
up and d) unit trip from full‐power.
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The quality of appliances is crucial in their purchase, which puts considerable pressure on
their manufacturers, which are forced to invest significant resources in their development.
Consumers have much greater opportunity to compare individual products with each other,
either through the parameters on the label in a stone shop, or through online e‐shops and
their search engines, where individual parameters can be freely chosen. The possibility of a
real comparison of appliances allowed a customer to search a wide range of products and
the manufacturers are forced to modify already sold appliances in order to overcome or
differentiate themselves by selling their products.

Figure 1. Appliance Store
This article is concerned with impact of insulation rigidity on washing machine acoustic
characteristics. Washing machine body is affected by forces during washing cycles which
originate from mass of water and laundry. The forces also originate from an unbalance inside
the washing machine tub. The unbalance is changing after every inner tub stoppage during
a spin cycle. Unbalance inside the washing machine tub creates a big acoustic issue, not only
for increased noise, but also for increased load of components. Also, rigidity of the washing
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machine body has big impact on overall noise. If there is no excessive relative movement of
panels and other components there is no excessive noise also.

Figure 2. Front panel with upgraded insulation
Washing machine body is usually well designed in terms of deformation resistance. Panels
are equipped with many extrusions which improves their rigidity. Panels of different
producers differ in thickness also. Thickness of panels has also big impact on the washing
machine rigidity. In ideal conditions, washing machine body should be as robust as possible,
to prevent deformations. If producers want to achieve higher level of a robustness, they
have to invest into production of the washing machine body. But there is an issue of
increased production costs. Efficient way is to use current panels in production and improve
their rigidity without big intervention into its structure. The proposed solution is to use noise
insulation as a panel stiffener. Nowadays, washing machines have got installed noise
insulation on the panels, but the insulation has not got any measurable impact on the panel
rigidity. Production costs increase would be significantly smaller than production of the
thicker panels. New solution relies on a new way of gluing insulation on the panels. To secure
solid connection between an insulation and a panel, the insulation is equipped with a
crosshatch. The crosshatch, made of glass‐fabric, secures solid connection between panel
and insulation and allows to transfer forces from panel to insulation, so the insulation can
serve as the stiffener. For determination of the insulation impact on the panel stiffness, 3D
models of the panels were made. The 3D models were exposed to strength analysis in the
FEM software Ansys. The biggest impact on a rigidity of a panels was achieved on the side
panels, which on a top loader washing machine transfer majority of the forces.
Acknowledgments. This work was created by the implementation of the project “Low Cost
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supported by the Operational Programme Research and Development and by the European
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This paper presents some technique and its applications of modern digital computer
monitoring and control for safety mining production process. The technique has been used
in the full digital monitoring and automation control for hoists coal mining machines. With
the technique, it has been achieved the better economical and social benefits in safety
mining production. The aim of vibration monitoring is the detection of changes in the
vibration condition of the object under investigation during its operation. The cause of such
changes is mainly the appearance of a defect. Machine condition monitoring is conducted
first of all using low frequency and middle frequency vibration that propagates very well
from the point of its origin up to the point of its control. The number of such points can be
reduced to one or two for each object to be monitored if there is a common casing. The
vibration measurements can be conducted without any change in the operation mode of the
object. The vibration signatures are analyzed from the two parameters, namely Absolute
Vibration of Bearing casing and Relative shaft vibration of bearing housing and the shaft.
Most of the defects encountered in the rotating machinery give rise to a distinct vibration
pattern (vibration signature) and hence mostly faults can be identified using vibration
signature analysis techniques. For the diagnosis it is use peak to peak or rms values to
monitor the condition of the machine. But it has been found that any defect developed may
not show any indication in time domain unless it deteriorates to an advanced condition. But
in frequency domain signal not only registers the problem early in its growth but actually
tells, with certain probability, the nature of impending faults like misalignment, or bearing
failure. The developed system integrates the different channel vibration data and frequency
analyzed output through on‐chip FFT analysis. Figure 1 shows possible functional diagram of
such a Vibration analysis system. The acquired data comprise 9‐vibration signals. 6 vibration
signals are acquired from bearing sensors and 3 vibration signals from shaft sensors. The
signal values are tapped from on‐line monitoring system. These data were available from a
Uricani Mining Plant of Romania for experimentation. The vibration channels are set with a
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predetermined threshold level. Each vibration signal is represented by samples at a sampling
frequency higher than the process signal. Thus the vibration signal acquired for a total of a
second gives sufficient data for converting vibration signals from time to frequency domain.
Each signal also carries information regarding whether the signal is taken due to threshold
crossing (upper or lower) and if so, which signal crossed the threshold. This information is
maintained by the front‐end software when it updates trend plot data.

Figure 1. Functional Diagram of vibration analysis system

Figure 2. Points of measurement
The Fast Fourier Transform is performed on each of the 3 bearing vibration data. The rms
value computed from the time domain signal and amplitude of vibration at predominant
frequencies of interest obtained from frequency domain signal of the 6 signals are stored in
trend record format. This information is useful for the purpose of trend monitoring. The
trend data can be segregated in four separate files, namely, the previous day file, the last
week file, the last month file and the last year file. Points of measurements is presented in
Figure 2. The According to the development status of coal industry, this paper presents some
technique and its applications of modern digital computer diagnosis monitoring and control
for safety mining production process. The technique has been used in the full digital
monitoring and automation control for hoists in mining production process. Implementing
the on‐line real time vibration analysis system requires collection of vibration data (bearing
or shaft) over a long period, (at least one year) to get the behavioral history of machine. In
conclusion we may say that vibration analysis for mining machine can prevent catastrophic
breakdown if fault diagnosis is done in time
Acknowledgments. This work was possible thanks to the support of the Uricani Mining Plant
and belonging to the Hunedoara Energetic Complex.
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Thermal power units, fired on coal as fuel, are very complex production capacities for
electricity generation. They consist of several individual, according to technical‐technological
characteristics, mutually harmonized plants and systems. When designing thermal power
units, all necessary and complete project bases for the technical characteristics of fuel (coal
and auxiliary liquid fuel) and water, which will be used for the operation of the units, will be
used. The projected lifetime of the equipment is 150,000 operating hours, i.e. 25 years of
operation of the units. The discrepancy of the designed characteristics, especially coal,
(which occurred in practice) results in an inadequate function and short service life of the
equipment. Two units of TPP Kostolac B with the designed nominal power output of 2 x
348.5MW, since commissioning (1988 and 1991) worked with reduced power, with many
operating problems and some exceedance of the allowed levels of the environmental
pollution. Also, new more strict regulations and rules were brought for the allowed influence
of pollution to environment. Based on the research of the causes for not reaching the
guaranteed technical characteristics of units and based on researches regarding
technological solutions for meeting the new changed regulations and rules regarding
environmental protection, in the first installed systems and equipment of TPP Kostolac B (2
x 348.5MW) in accordance with planned modernizations in TPP and EPS, several adaptations
and rehabilitations of equipment were performed as well as upgrade of new systems and
plants of TPP Kostolac B. On the first equipment of the two units TE Kostolac‐B, from the
term of the first synchronization of the units on the network of the electric power system
(unit 1 ‐ 30 December 1988 and unit 2 ‐ September 23, 1991), through trial and regular
drives, monitoring of work and necessary testing of technical, primarily guaranteed,
characteristics of equipment and plants were performed. For the identified shortcomings in
the work of the equipment, the research of optimal possibilities and technical solutions for
their deviations were performed and the following goals were set:
The achievement of the nominal power of the unit 348.5 MW with increasing efficiency of
the unit; Securing the reliable operation of the unit of the next 150,000 hours; Bringing
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availability to the level of modern units in the world; Shortening the duration of planned
downtime; Increasing energy efficiency; Compliance with environmental protection
requirements.
Modernization of equipment and systems – adaptation and rehabilitation of first installed
equipment and erection of new plants were performed on the base of preparation work
design and the following design technical documentation:
‐ Project ECO RAM Phase I and II 2007 and 2008 (done by Alstom and TPP Kostolac B)
‐ Feasibility studies with the Preliminary Design of Works on units B1 and B2 TEKO B,
The activities foreseen in the Preliminary Project, and in relation to unit B2, are divided into
the following groups of activities:
Modernization of the MRU system, Capital overhaul of turbines and generators and auxiliary
turbine plants, Boiler plant, steam and pipelines, Electric power plant part and
Reconstruction of electrofilter.
‐ Main project "Adaptation of unit B2 in TE Kostolac B with reconstruction of ESP".
Technical characteristics of performed modernizations were described in chapter 3.0:
Equipment for the coal fired boiler systems; Boiler pipe systems, steam super heaters and
steam pipelines; Feed water pumps; Installation of new ESPs; Reconstruction of the systems
for collection, transport and deposition of ash and slag; Replacement of turbine housings
and some blades, connecting steam pipelines and condenser pipes and modernization of
generator; Installation of new distribution DCS system; Management and control of CWT
and CCT processes; Erection of new plant for FGD; Design of new plant for service water and
sanitary waste water; Replacement or adaptation of electric power equipment.
Invested financial funds for the performed modernizations were shown in the work by
tables. According to tables given in the work, for removal of technical shortcomings and
reaching the design power of units 336,749,000 EUR was spent, and for improvement of
environmental protection 297,454,000 EUR was invested.
Effects of the performed modernizations were shown in chapter 5.0 and especially
production and technical effects in 5.1. Average power output of the units is increased, time
on grid extended and efficiency coefficients enlarged (for exploitation, power, production,
reliability and availability).
‐Ecological effects – item 5.2 Monitoring and impact to the environment.
in accordance with the law regulation regarding environmental protection a Monitoring
program for supervision of pollutant emission in the area of Branch 'TE‐KO Kostolac' and its
surroundings.
At the end of the work the following conclusions were made:
‐By the performed modernizations, replacement of components of unreliable equipment
and upgrade of new plants, the capacity of boilers was enlarged from 1000 to 1060t/h of
steam and permanent nominal power output from 348.5 to 350MW
‐
Boiler efficiency rate was increased as well as reliability and power efficiency of
units and the level of unit operation automation. These make significantly higher results in
production of electric power and the economic effect is bigger too
‐
Environmental protection is now better. Installed monitoring for measurements of
pollution shows lower pollution than permitted, and with erection of waste water treatment
plant which is currently under construction we will have conditions for getting the ecological
permit for operation of TEKO B.
‐
Units' lifetime is prolonged for 150,000 working hours more.
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The vehicular mobility causes 15% of greenhouse gases emission: one million tons of carbon
anhydrite per hour. In addition, it produces CO, NOx, fine powders, carcinogenic and
mutagenic elements: these substances will disappear in the presence of solar vehicles. And
solar mobility would also mitigate indirect effects: fuel used to transport fuel, energy for the
distillation of hydrocarbons, gas leaks, even fracking, explosions, rivers and oceans. In contrast,
electric and hybrid vehicles do not allow this improvement in the quality of life. In almost all
modern countries, the energy mix is strongly unbalanced towards fossil fuels: massive
electrification would not make mobility sustainable, but rather risks worsening its effect on the
environment by shifting the problem of emissions from cities to power plants. The Sun, indeed,
can guarantee long‐term sustainable mobility: for every circulating solar vehicle CO2
production is really zero. From July to today, our solar racing car has travelled 3000 km,
avoiding to emit half a ton of CO2: reporting these data to a conventional use, each solar
vehicle would avoid the release of 1.5 tons of CO2 per year: like planting 10 large trees for each
month in our garden. This study describes how to transform a solar super‐car into an ordinary
vehicle for urban and everyday mobility.
The expression "quality of life" has been used since 1980 with reference to signs indicative of
urban decay and criminality, and therefore of diminishing quality of life. In the years after 2000
the concept of quality of life was often compared to the concept of sustainable development,
especially in relation to the growing awareness of the limited nature of energy reserves related
to oil and coal and to the negative effects of many modern technologies on the natural
environment and resources.
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Public opinion is beginning to wonder if all technological advances are always convenient, or
if, on the other hand, long‐term damage will nullify its immediate advantages, and even
threaten the quality of life of future generations.
In these terms, another interesting expression more and more related to the modern idea of
quality of life is the “Seventh Generation Standard”. It proposes that the government should
take into consideration the effect its decisions will have in the long term, up to the seventh
generation, that is about a century later.
A restricted, but emerging technology is represented by the solar vehicles. A solar car consists
of an electrical powertrain supplied by photovoltaic panels: the vehicle is able to extract all the
energy it needs from the Sun and this energy is directly used through electric motors that
transform it into motion, without passing by a combustion.
Therefore, all emissions characterizing combustion engine vehicles will disappear in the
presence of solar vehicles. And this exclusivity remains true regardless of the particular fuel
with which the comparison is proposed: petrol, diesel, methane, alcohol and so on, but only
solar vehicles are able to guarantee a real zero‐emission policy, for real, both at local and global
levels.

Figure 1. Multi‐occupant solar car, made by the University of Bologna.
For instance, the solar car, recently designed and developed by the University of Bologna
(Fig.1) for the American Solar Challenge 2018, won this 2700 km competition travelling with
four occupants at an average speed over 60 km/h. It is characterized by advanced design, light
materials and efficient energy solutions. This development has been largely reported in several
investigations.
The development of solutions capable of making solar mobility increasingly valid and efficient
should represent a goal of primary interest. At this time, solar vehicles are mainly seen as a
curious attraction, but their performances should attract much more than this. Our solar racing
car, for instance, has travelled 3000 km with without emission. Reporting these data to a
conventional mobility, each solar vehicle would avoid the release of 1.5 tons of CO2 per year.
This results can be obtained, according to the authors’ opinion, transforming the solar extra‐
efficient prototypes, currently used inside solar races, in something more similar to the
ordinary light vehicles, suitable for the urban and everyday mobility.
Acknowledgment. This research is funded by the Italian Ministry of Foreign Affairs and
International Cooperation thought the Joint Research Projects as Particular Relevance, with a
project named ‘Two Seats for a Solar Car’ within the Executive Programme of Cooperation
between Italy and Serbia in the field of Science and Technology.
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Among handling anomalies affecting passenger cars travelling on a straight path, the Pull to
side (PTS, lateral deviations from straight trajectory with steering wheel correctly aligned), the
Steering wheel misalignment (SWM, straight trajectory with steering wheel not aligned) and
the Drift leeward (DL, lateral deviations due to the effects of uneven ground surface on the
rear suspensions) are particularly relevant. Even though they do not constitute safety
problems, however they represent a cost factor in the automotive industry, occurring in small
but not negligible percentage of the overall car production.
Several studies are devoted to investigate the contribution of tire characteristics on Pull to side
and Steering wheel misalignment (also referred to as drift). On the other hand, the literature
aimed at investigating the contribution of tolerances of suspension systems on Pull to side and
Steering wheel misalignment is less extensive, considering simulation–based dimensional
tolerance optimization processes applied to specific cases [1 – 4].
The present contribution is focused on understanding which are the causes and on reducing
the extents of PTS, SWM and DL as handling anomalies due to suspension component and
assembly tolerances, in the case of vehicles with front Double wishbone suspension and rear
Five arms suspension.
The vehicle assembly process is first analyzed in terms of errors and tolerances by means of
a design of experiment analysis (DOE), aimed at identifying in which proportion each
suspension parameter is influenced by tolerances (Fig. 1, case of Ride steer).
A sensitivity analysis by multibody virtual modelling is then performed, aimed at
understanding how and at which level the relevant suspension parameters can affect the
straight path handling of the vehicles under study (generating PTS, SWM and DL).
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Finally, the results of simulations are correlated with experimental data from presetting and
wheel aligner benches, for setting tolerance thresholds able to keep the anomalies under
study within acceptable bounds.

Figure 1. Front (top) and rear (bottom) suspension: tolerance contributions to Ride steer.
Virtual analysis put in evidence that PTS and SWM are mainly related to the set up phase of
wheel angles. In particular, both anomalies can be explained by the contribution that vehicle
geometry gives to the sideslip angle. Front camber angles influence PTS, while front and rear
toe angles influence SWM. Main cause of DL has been identified with (rear) ride steer, which
in turn can be generated by components out of tolerances or/and presetting variation. By
improving all the set up process (presetting bench and wheel aligner bench) on a whole
production line, the number of vehicles affected by PTS, SWM and DL was strongly reduced:
from 3% down to about 1% of the production.
[1]

[2]
[3]
[4]
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Due to their enhanced tribological properties that contribute to the increased useful life of
components, martensitic stainless steels are an excellent option for industrial applications
such as hydroelectric, petrochemical, civil construction, and mineral processing plants. In the
present investigation, the erosive wear of AISI 410 martensitic stainless steel is evaluated
after thermal treatment by quenching and tempering by mass loss, under erosive attack at
30° and 90° incidence angles, using a self‐made jet slurry erosion equipment controlling
parameters such as speed, volume of fluid, temperature and concentration of erosive
particles of erodent. The characterization of the eroded samples was carried out in terms of
the microstructure (SEM) and microhardness as well as the particle size distribution (LG) and
morphology of the erodent. It was possible to establish the relationship between the slurry
erosive wear and the physical properties inherent of stainless steel for this particular
experimental configuration, concluding that the steel presents better resistance to jet slurry
erosion wear when compared to austenitic steel commonly used in the industry.
Thus, the ideal choice of engineering materials is important in order to decrease the wear
rate and to improve their tribological behavior. Among the different alternatives for such
applications, the most current being studied is the austenitic and martensitic stainless steels.
Austenitic stainless steels are used in many components where corrosion resistance is
crucial. However, under the mechanical action of hard particles, they present a high plastic
deformation and wear. On the other hand, martensitic stainless steel presents better
mechanical resistance to erosive particles than austenitic steel, with the compromise of
lower corrosion resistance.
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In the present investigation, it was possible to evaluate the erosive wear of the martensitic
stainless steel AISI 410 thermally treated with quenching and tempering, evaluating the
volume loss under jet slurry erosion conditions at incidence angles of 30° and 90° between
the axis of symmetry of the fluid flow and the surface of the samples, via the control of
parameters such as angle and speed of impact, test temperature and concentration of
erosive particles in the suspension. In this case, electrofused alumina was used as erodent.
The materials were characterized with regard to their microstructure by scanning electron
microscopy (SEM), roughness, microhardness, and the particle size distribution analyzed
with laser granulometry (LG) and morphology of the erodent.
The jet slurry erosion tests were carried out in a modified commercial high‐pressure washer
which is based on ASTM G‐76 standard and adapted in the nozzle of the gun a system of
feeding of erodent particles using an inner Venturi accelerator of particles inside a test
chamber. This equipment allows controlling the angle of impact, the speed of impact, the
concentration of erosive particles in the suspension and test temperature, all important
parameters to determine the distribution of frictional energy along a surface.
The tests were performed using water between 25 and 28°C of temperature with 960 g of
(Al2O3) erodent. The samples were placed at the nozzle output to guarantee the incidence
of impact fluid and mean jet velocity of erosive material in the suspension of 77 m/s. This
velocity was calculated using flow rate, time and nozzle area measurements of flow output.
The incidence angles studied were 30° and 90° between the axis of symmetry of the fluid
flow and the surface of the samples. In all cases, the concentration of particles in the slurry
was 7 wt%. The erosion resistance was determined from the volume loss results per unit of
time from the difference of mass loss considering the relation of the apparent density of the
studied material (7.73 g/cm3 for AISI 410 stainless steel). Mass losses were measured every
1 min by using a scale with 0.01 mg resolution. The total duration of each test was 4 min.
The samples were cleaned in an ultrasonic bath with deionized water before and after each
test and dried and weighted afterward.
From the results obtained in the accomplishment of the experimental work, it is possible to
infer the following conclusions:
An experimental erosion wear simulation equipment of the jet slurry type was developed,
considering conditions that allowed the control of the test parameters such as impact angle,
impact velocity, erosive particle concentration in the suspension and test temperature, all
significant variables in the determination of the behavior of the materials. The AISI 410
martensitic stainless steel presented a higher rate of accumulated volumetric erosion in the
impact angle of 30°, presenting a predominantly ductile behavior, and higher resistance to
jet slurry erosion at the impact angle of 90° with the compromise of deeper eroded area.
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Among the techniques for producing oxide catalysts, the solution combustion synthesis (SCS)
has been widely used to produce, at low‐cost, high‐quality nanostructured powders. SCS
mainly consists of combining, in solution, a fuel (organic precursor) and an oxidizing agent
(usually nitrates). The mixture is heated at ≤ 500°C reaching ignition in a fast and highly
exotherm reaction. At the end of the process, unagglomerated and crystalline nanopowders
are typically formed. The product is then heat treated in order to organize the crystalline
structure and to burn out residual fuel. Through SCS, due the high exothermic energy
liberated in the ignition, it is possible to homogeneously incorporate dopants ions into the
catalyst. Besides, SCS allows the production of nanopowders with sizes in the decimal scale,
which is extremely important for powdered catalysts. The smaller the particle is, the larger
the surface area is. In this paper, in order to efficiently produce nanostructured catalysis by
SCS, we studied the correlation of the oxidizer/fuel ratio, and the use of glycine and
polyethylene glycol (PEG) as fuel in the SCS of Fe‐Mo/MgO nanopowder catalyst.
0.96 mols of Iron nitrate nonahydrate, 0.004 mols of ammonium heptamolybdate
tetrahydrate and 1 mol of magnesium nitrate hexahydrate were used as precursors and
oxidizing agents. Glycine and PEG concentrations, as fuel, were calculated according to the
chemistry of propellants, as presented on table 1. The precursors were individually dissolved
in distilled water and then mixed. The solutions were heated at 60°C during 5 min under
constant stirring and then were inserted in a 400 °C pre‐heated electric muffle furnace
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during 15 minutes reaching self‐ignition point. To finalize, powders were heat treated at
1100 °C.
Table 1. Composition and concentration of the fuels in the SCS, Ø = Oxidizer/Fuel.
Sample
G1
G2
G3
P1
P2
P3

Fuel

Ø
0.66
1
2
0.665
1
1.995

Glycine
PEG

Description
Rich
Stoichiometric
Lean
Rich
Stoichiometric
Lean

Concentration (mol)
3.975
2.615
1.3
0.855
0.57
0.285

Samples morphology and physicochemical properties were characterized by X‐ray
diffraction, electron microscopy, granulometry and surface area analysis. The results
indicated high crystallinity for the samples produced with PEG, as shown in the diffractogram
(figure 1) and a wide variation on the nanoparticles sizes depending on the fuels properties.
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Figure 1. Samples diffractogram correlating the crystalline structure and SCS fuel
concentration and composition. The peaks [111], [200] and [220] belong to periclase.
Nanostructured oxide catalysts were successfully obtained through the SCS method using
PEG as fuel. Through the analyses was possible to observe that the concentration of fuel
strongly influences the properties of the final product. We concluded that not necessarily
the stoichiometric formulation is the best path to produce nanomaterials. In the case of Fe‐
Mo/MgO catalyst, the best formulation was the PEG fuel‐lean that presented the largest
surface area among the samples.
Acknowledgments. The authors would like to thank the Coordination for the Improvement
of Higher Education Personnel ‐ CAPES for the financial support. The present paper was
presented inside the ‘Toward a Sustainable Mobility’ special session as part of the ‘Two Seats
for a Solar Car’ research project, an action funded by the Italian Ministry of Foreign Affairs
and International Cooperation within the Executive Programme of Cooperation in the field
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Ferrite is a ceramic material produced from burning large proportions of iron (III) oxide
(Fe2O3) blended with small concentrations of one or more metallic elements, such as cobalt,
manganese, nickel, magnesium, and zinc. Ferrites usually present a spinel structure with the
formula AB2O4, where A and B represent various metal cations, including iron (Fe) [2].
Solution combustion synthesis (SCS) has been increasingly applied in the production of oxide
catalysts due to the possibility of producing low‐cost, highly pure and homogeneous
nanostructured powders. Many studies on ferrites nanoparticles including CoFe2O4 spinel
have been recently presented due to their distinct magnetic and electronic properties.
Among the wide range of applications of Cobalt Ferrite (CoFe2O4), its usage for the
manufacturing of modern electronic devices such as solar panels, capacitors and batteries
has been studied lately. Hence, solar‐powered vehicles, which strongly rely their
performance on energy efficient electronics, is a sector that could particularly benefit from
enhanced applications of such material In this work, the synthesis of Cobalt Ferrite was
studied by means of Solution Combustion Synthesis (SCS) using iron nitrate nonahydrate and
cobalt nitrate hexahydrate as precursors, and glycine as fuel. The nitrates were dissolved in
distilled water and placed under stirring and heating for 5 minutes; when the temperature
reached 60°C, glycine was added; after complete homogenization, the solution was placed
in an electric oven (400°C) until complete combustion (approximately 15 minutes). Three
syntheses were carried out using different concentrations of fuel: lean, stoichiometric and
rich. The product crystallite size and composition were investigated in order to determine
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the influence of the fuel concentration on the structure of the produced cobalt ferrite. The
diffractograms (Figure 1) shows the characteristic crystal peaks corresponding to the cobalt
ferrite phase for all samples. The stoichiometric and rich samples showed the formation of
a second phase of cobalt oxide. The fuel‐lean sample was the only one that produced a
nanometer pure phase of CoFe2O4. This sample is promising for applications in the
electronics field, such as on solar‐powered electric vehicles, since pure particles and good
crystallinity are crucial in this area.

Figure 1. Diffractograms of the CoFe2O4 catalysts for different fuel concentrations.
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The interest in solar–powered vehicles arose as a topic of study mainly developed by
academic institutions with the aim of promoting sustainable mobility. The main challenges
of designing such cutting–edge vehicles [1] consist in electrical systems, solar array design,
structural materials and mechanical sub–systems such as suspensions. Focusing on
suspension systems, the load due to passengers, electric batteries and solar panels can be
even higher than the total weight of the remaining parts of the vehicle, making the choice of
suspension stiffness and weight distribution quite challenging in order to get good
performances in terms of vehicle dynamics. These technical demands becomes extreme in
the case of multi–passenger vehicles recently introduced in solar–powered car
competitions. In fact, compared to more traditional single–seater solar cars, cruisers present
a total weight from four to five times higher, as well as higher centre of gravity [2].
The solar–powered car considered in this study was designed and manufactured for racing
by the University of Bologna. It represents one of the lightest multi–occupant solar cars ever
built: a vehicle with total mass of 300 kg allows to transport 320 kg due to four occupants
[2]. However, this vehicle still needs further mechanical improvements: the suspension
system, in particular, has to be designed considering the necessity to provide adequate levels
of handling, road holding, comfort and vibration control.
Focus of the present contribution is a first assessment on optimization of the main
parameters affecting comfort and road holding, which are the equivalent stiffness and
damping of the suspensions, for the solar–powered car designed and manufactured by the
University of Bologna.
To this purpose, with the adopted design parameters (mass distribution, partial wheelbases),
the equivalent vertical stiffness of the front and rear axles were tuned in order to fit the
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basic requirements for comfort in terms of natural frequencies and mode shapes of bounce
and pitch [3]: (1) natural frequencies of bounce and pitch modes falling in the range 1.0 –
1.5 Hz; (2) pitch mode with its node located at about the front seats.

Figure 1. Amplification factor for vertical acceleration of the sprung mass ms (2RZ)
as a function of frequency (left) and transmissibility T for ground vertical force amplitude N
as a function of frequency (right), for different values of suspension damping.
The optimization of suspension damping was then addressed [4], for reaching a good
compromise between comfort and road holding. A value close to what can be considered
the best choice for the damping coefficient c in terms of comfort optimization was identified
(co = 3734 Ns/m), to be increased to some extent for improving road holding. To this purpose
the following frequency response functions were considered: (1) receptance RZ between
amplitude Z (vertical displacement of sprung mass ms) and amplitude H of ground harmonic
input (2RZ yielding a measure of the vertical acceleration of ms, to be minimized for comfort
optimization, as displayed in Fig. 1 left); (2) transmissibility T between ground vertical force
amplitude N, and force pH (where p is the vertical stiffness of the tires; T to be minimized
for road holding optimization, as displayed in Fig. 1 right). The results (as shown in Fig. 1) are
comparable to those of standard passenger cars.
[1]
[2]

[3]
[4]
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Nowadays, oil, coal and natural gas (fossil fuels) are the three main sources of global
supply of energy, accounting for over 80% of all consumption. In addition, the energy
demand has been growing continuously. This growth has given rise to a series of
environmental problems, mainly due to the emission of greenhouse gases (GHG). CO2
emissions from fossil fuels have increased exponentially in the last decades. This
phenomenon can lead to glacier melting, rising and acidification of the ocean, coral
extinction, epidemics of temperature‐making diseases, tropical storms and extreme
snowstorms. Besides, fossil reserves are finite, subject to geopolitical conflicts, and there are
more noble applications for them, such as the petrochemical industry. Due to these facts,
there is a need to develop new technologies for clean energy generation. Representing a
major cause of pollutant emissions, research on urban mobility has seek to take advantage
of the solar energy to produce innovative, safe, lightweight and zero‐emission vehicles.
One of the most interesting proposals to attain that goal is the photo‐electrolysis, which
also consists in the usage of the solar energy, but to produce hydrogen, since it presents the
possibility of storage and association with other renewable sources of energy. Photo‐
electrolysis is the conversion of solar light into useful chemical energy (H2). A photo‐
electrolytic cell (PEC) is composed of a semiconductor device that absorbs solar energy and
generates the voltage necessary to split the water molecules. Photo‐electrolysis integrates
the generation of solar energy and electrolysis of water in a single photo‐anode and is
considered the most promising renewable method for hydrogen production. This technique
has begun in 1972 using TiO2 as photo‐anode. Several studies have pointed out oxides with
possible relevance for use in this process; many of them present difficulties as cost, obtaining
and toxicity. The semiconductor must have short band gap value to absorb a large part of
visible light irradiation, be stable in operation and allow electron mobility.
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Researchers explore catalysts that can be activated under visible light, such as coupled
semiconductors, doped semiconductors and mixed metal oxide semiconductors, such as
bismuth‐based mixed oxide semiconductors, which have attracted interest because of their
excellent stability, visible light absorption and photocatalytic properties. In order to develop
photocatalysts based on bismuth, iron and niobium oxides for hydrogen production via
photo‐electrolysis of water, in this research, thin films were synthesized and characterized
regarding their morphology and optical properties.
In order to develop and characterize photo‐anodes based on bismuth, niobium and iron,
thin films were synthesized by the sol‐gel method and deposited by dip coating on fluorine‐
doped SnO2 (FTO) glass substrates. Four compositions were proposed: one without iron and
with 0.8, 1.0 and 1.2 mole of iron. The samples were dried at room temperature for 15 h and
heat‐treated at 600°C (2°C min‐1) by 1h. Morphological studies were performed using SEM.
The band gap (Eg) of the samples was evaluated by Kubelka‐Munk method using UV‐Vis
diffuse reflectance data. Solar spectrum percentage was calculated as proposed by ASTM
G173‐03 (2012). Table 1 demonstrates the most important results.
Table 1. Characteristics of the synthetized photo‐electrodes.
Bi2FexNbO7
x=
0
0.8
1.0
1.2

Band Gap
(eV)
2.01
1.32
1.21
1.06

Equivalent wavelength
(λeq) (nm)
617
939
1025
1170

Solar spectrum percentage
(%) (AM1.5 Global)
35.95
70.24
75.36
82.16

All films presented semiconductor behaviour with Eg values lower than 2.01 eV. It
decreases with the increment of iron, typical red shift. The adding of iron produces
intermediate energy levels between the valence and conduction band, thus absorbing more
light, up to 82% of the solar spectrum, what increases the photo‐catalytic activity. SEM
studies show that the surface presents some cracks, possible due the presence of nitrates
and residual tensile stresses. The cracked surface can be beneficial in the process of photo‐
electrolysis, mainly due to the greater surface area, directionality in the transport of
electrons and the availability of electron‐holes (h+) for water oxidation. However, if
necessary, it is possible to manage by changing the parameters of the heat treatment.
Further analyses should be performed to better understand their properties, however,
based on data from UV‐Vis spectroscopy and morphology studies, the photo‐electrodes
show high photo‐catalytic activity under visible and even infrared light, which places them
as potential candidates for photo‐anodes, being able to overcome the barrier that the low
absorption of visible light imposes to the hydrogen production by photo‐electrolysis.
Acknowledgments. This work was financially supported by the Brazilian National Council for
the Improvement of Higher Education (CAPES). The present paper was presented inside the
‘Toward a Sustainable Mobility’ special session as part of the ‘Two Seats for a Solar Car’
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The Fused Deposition Modeling (FDM) process of Additive Manufacturing (AM) is a newly
developed, innovative technology based on the Rapid Prototyping process that evolved and
expanded its use to produce end‐use parts and products that are applied from medical
applications up to the automotive industry. The FDM has achieved a large increase in all
spheres of applications nowadays, from the professional one to the amateur domain. This
study aims to compare the accuracy offered by 3D Slicer Software in printing end‐use parts
inside a Fused Deposition Modeling process of Additive Manufacturing. The purpose is to
check the surface quality and dimensional stability of the printed parts using the processing
tools: Simplify3D, Cura and Slic3r 3D Slicer software. In the integration with a 3D printer,
good 3D slicer software is very important. If a good slicer tool is used, it will surely get better
results, even from a mediocre 3D Printer. Otherwise, any valid 3D slicer tool will create a
geometry based on an STL‐file successfully, describing coordinates, printed speed, nozzle
and bed temperatures, advanced dimensional accuracy, support requirements and other
accuracy variables. The application of the appropriate slicer software for processing has a
direct impact on the quality of the printed parts, as in the case shown in Figure 1.

Figure 1. RP in‐scale model of a Solar Car [Minak at al. 2019]
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Printed parts have been analyses and the accuracy, time of production and consumption of
material through the 3D Slicer tools are compared. In Figure 6 (I) and (II) the locations used
for measures are shown. Observations on the achieved results for the accuracy of the printed
parts analyzed were made for each used slicer tool.

Figure 2. (I) Locations measured with the calliper by the pendant
and (II) Locations measured with the calliper by the phone holder
For quality test comparison, the corresponding parts that were printed on a low‐cost 3D
printer were selected and processed from three 3D slicer software: Slic3r and Cura (Open
source and free) and Simplify3D (Powerful and Professional). The comparison of the
precision in the printed parts showed significant differences in the quality achieved with the
three tools used. The Slic3r software according to the metric for measuring parts deviations
in terms of dimensional accuracy in the surface normal has done from 0.10 mm to 0.61 mm
which belongs to the class from small deviation. But if it takes visual visibility as an indicator
of surface and letter‐quality then the Slic3r software has not achieved satisfactory quality.
The Cura (version 15.04) software was achieved better dimensional accuracy than the Slic3r
slicer tool. The dimensional deviation between the 3D model and the printed parts was done
from 0.05 mm to 0.36 mm, which is also in the range of small deviation. The surface and
complex letters of parts, Cura was done with good quality and achieved a high level of detail.
The Simplify3D slicer software has achieved the best quality and dimensional accuracy of
printed parts. The dimensional deviation has done in the range from 0.02 mm to 0.28 mm.
The visually analyzed quality of surface and letters of the printed parts are corresponding
and close to the original shape. We can conclude that Slicer Cura gave good, but not
necessarily accurate results. Results, graphically and visually presented, show significant
differences in the dimensional and surface accuracy with an optimum outcome offered by
the Simplify3D as best 3D slicer tool. The Simplify3D slicer has essential advantages in printed
end‐use parts because creates the 3D models with significantly better accuracy and quality
support.
Acknowledgement: This research has been supported by the Italian Ministry of Foreign
Affairs and International Cooperation thought the Joint Research Projects as Particular
Relevance, with a project named ‘Two Seats for a Solar Car’ within the Executive Programme
of Cooperation between Italy and Serbia in the field of Science and Technology.
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The development of sustainable energy sources has become critical, since most of the global
energy still relies mostly on fossil fuels, whereas a scenario of an industrial sector
considerably dependent on coal and the urban mobility that almost entirely leans on
polluting fuels such as gasoline and diesel can be verified. Within this context, solar energy
is increasingly becoming an attractive energy alternative, causing a significant increase in
research and development of more efficient and inexpensive photovoltaic devices, either for
industrial plants or, more recently, solar‐powered zero‐emission vehicles. Seeking to study
innovative solar cell compositions to reach the highest energy efficiency level attainable, the
aim of this study was to develop a synthesis route to obtain a solar cell composed by hybrid
perovskite (CH3NH3PbI3), using a sequential deposition method through the technique of
spin‐coating. Initially, the deposition of PbI2 (2000, 3000 and 4000rpm velocity) thin film of
was performed over FTO/glass substrate coated with TiO2 paste, which was subsequently
converted into perovskite crystals through spin coating using a CH3NH3I (MAI) solution. The
TiO2 paste was obtained by grinding 50 g of TiO2‐P25 (Evonik), 20 g of titanium isopropoxide
(97 %, Sigma‐Aldrich), 2.5 g of carboxymethyl cellulose (Sigma‐Aldrich), 80 mL of terpineol
(Sigma‐Aldrich), 4 mL of acetylacetonate (Sigma‐Aldrich) and 5 mL of ethanol (99 %,
Zeppelin) for a period of 12 h, so the paste was fully homogenized. For the preparation of
PbI2 solution a two‐steps methodology was used: 1 M solution was obtained dissolving PbI2
in anhydrous N, N‐dimethylmethanamide under agitation at a temperature of 70 °C. For the
second stage of two‐step deposition, a solution was prepared composed of 10 mg/mL
CH3NH3I in anhydrous isopropanol, stirred for 10 min, in which all MAI was dissolved. The
whole process was performed without temperature and ambient pressure control. The
influence of the PbI2 layer thickness on the formation of CH3NH3PbI3 crystals was evaluated.
302

The hydrophilic characteristic of TiO2 affects the distribution of the crystals nucleation sites,
since PbI2 possesses a non‐polar liquid characteristic. The characterization of the perovskite
thin films showed that thickness affects the bandgap and the surface morphology directly,
revealing the presence of dendritic structures and acicular crystals. Both growth and
coverage increased for thinner layers of PbI2. It was also possible to observe an increased
uniformity in the film for smaller PbI2 layers. There was a variation in the optical band gap
for the lower velocity layer due to the greater presence of deposited material (PbI2). It can
be noted that the diffraction signal related to the formation of perovskite CH3NH3PbI3 in 2
= 14° is the most intense, and confirms the high crystallinity of the synthesized film can be
identified, in addition to the anatase peaks at 2 = 25.2° and rutile at 2 = 26.4°, belonging
to TiO2 film from the substrate. Analysis of this data provided an average grain size of
approximately 91 ± 3 nm. The film prepared at 3000 rpm presents a greater absorption (UV‐
Vis) compared to the other films corroborating the results of SEM where it is possible to
observe a higher homogeneous formation of perovskite. It is also possible to observe the
mesoporous layer of TiO2 below the grains and dendrites of formed perovskites. The results
show that, through the established route, it was possible to obtain the thin films that can be
used in organometallic solar cells, with the best results obtained for the 3000 rpm deposition
sample.

Figure 1. SEM image of CH3NH3PbI3/TiO2 films, 3000 rpm deposition velocity.
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Robot laser surface hardening is the part necessary for hardening instantly absorbs light
energy, turning it into thermodynamic, due to which the temperature rises and austenite
forms, then, after instant cooling, the martensite microsubstance is obtained. Due to the
technology of heat treatment, it is possible to obtain other high‐strength layers. The
combination of laser hardening technology with the advantages of high cooling rate, uniform
temperature distribution, minimum thermal stress, high strength, wide processing
capabilities of various parts, etc. made this machine advanced in the processing of molding
tools and many other industries. The study of laser technology involves the study of
principles of light energy in physics. Laser is an acronym for Light Amplification by Stimulated
Emission of Radiation. Laser hardening [1‐4] is a metal surface treatment process
complementary to conventional flame and induction hardening processes. A high‐power
laser beam is used to heat a metal surface rapidly and selectively to produce hardened case
depths of up to 1,5mm with the hardness values of up to 65 HRC. It is used exclusively on
ferrous materials suitable for hardening including, steels and cast iron with a carbon content
of more than 0.2 percent. Laser beam hardening is employed to locally improve the surface
properties of components. Use of this treatment can increase wear and fatigue resistance in
parts of steel and cast iron. Through a locally restricted heat treatment arises a minimum
heat input, thereby minimized distortion. The associated high heating and cooling rates
result in fine microstructures with good mechanical properties. During the laser skin
hardening, the material (carbonaceous material) is heated up for a short time above
austenitizing temperature and is transubstantiated by fast cooling down into the martensite
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structure. Different tool steels are widely used in industrial applications due to good
performance, a wide range of mechanical properties, machinability and wear cheapness.
With the laser hardening surface of the material, we can significantly improve their wear
properties. Heat is generated by absorbing the laser radiation on the surface and the
material is quenched by heat transportation inside. In the equipment of laser hardening a
flat semiconductor laser is used as a heat source. The laser, in turn, has a high photoelectric
conversion efficiency, has a short wavelength, low energy consumption and other
advantages. In this article, we present technology of robot laser hardening with overlapping
and new method for modeling topographical property of overlapping hardening process.
The paper presents application of intelligent system methods in process of robot laser
hardening with overlapping. We present hybrid method of intelligent system to predict
topographical property of robot laser hardened specimens. The main findings can be
summarized as follows: For prediction of the hardness of hardened specimens we use neural
network and support vector machine methods, with the hybrid method of intelligent
systems, we increase production of the process of laser hardening, because we decrease the
time of the process and increase topographical properties of materials and we describe the
relationship between hardness and the parameters of the robot laser cell. This finding is
important with regard to certain alloys that are hard to mix, because they have different
melting temperatures; however, such alloys have better technical characteristics. By varying
different parameters (e.g., temperature), robot laser cells produce different patterns.
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Engineering structures, such as aircraft, wind turbines, marine vessels, buildings and
offshore platforms, are experiencing a range of uncertain dynamic loadings during their life
time, due to changes in operational and environmental conditions, etc. These structures are
usually over‐ engineered in order to prevent failure. This is because there is not an
appropriate and cost efficient devices to monitor the subjected loads, and therefore not
possible to predict the fatigue life of these structures.
This research is investigating the feasibility of replacing strain‐gauges with Piezoelectric
PVDF (polyvinyldiene fluoride) piezoelectric film, as a dynamic load gauge. The overall aim is
to develop a monitoring‐based method for fatigue life assessment with use of long‐term
monitoring data by PVDF. The PVDF sensor can be made in any shape/size and are flexible.
In addition, the PVDF sensor is passive and offer the advantage of requiring no power to
function.
As shown in Figure 1, the experiment was coordinated by attaching the PVDF sensor
attached to a piece of mild steel and subjecting it to cyclic tensile tests with different load
levels. The examined sample was created by mounting the PVDF sensor 20mm from the
midpoint of the steal which was cut to length of 300mm. This was followed by another sensor
mounted on the other side of the mild steel to compare the results. The PVDF sensors were
manufactured by TE Connectivity (part number 1‐1002910‐0) and the employed data
acquisition system was Vishay Model 6100 scanner.
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Figure 1. Experimental setup a) The tensile test and b) The data acquisition system.
Figure 2 shows the amplitude dependence of the PVDF sensor and strain gauge according to
the magnitude of load. The loads for this test ranged from 2 kN to 10 kN. The output varied
linearly with a peak amplitude of 0.11 volts being achieved for 2 kN of force and 0.39 volts
for 10 kN. Results also show that PVDF was more sensitive to sense deformation than strain
gauges giving it an advantage over strain gauge technology.

Figure 2. PVDF output dependence on amplitude compared with strain gauge.
Monitoring the load level of steel sample with PVDF sensors, the output of the sensors was
found to vary linearly with applied load. A similar pattern was observed for the strain gauge
measurements. It was concluded that the PVDF piezoelectric sensor is a good alternative to
conventional strain gauges in order to measure dynamic loadings for structural health
monitoring purposes. The PVDF sensors offer the advantage of needing no power to function
and the sensors can be made to suit any size and geometry, therefore reducing the size and
cost of the load monitoring device.
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The present article describes the integrated path used for the conceptual, functional and
constructive design of an exclusive multi‐occupant solar‐powered vehicle. The project was
based on the massive implementation of concurrent engineering and quality tools, rarely
used in such an integrated way, featuring a novel and attractive design, 3D CAD modelling,
structural and fluid dynamics validations, in‐scale rapid prototyping, functional tests, multi‐
objective optimization, parts manufacturing and assembly. Thanks to this approach, the
solar car prototype presented high technological contents, especially in terms of materials,
structures and processes. Furthermore, large CNC‐machined multi‐material molds and
hybrid manufacturing solutions were adopted to speed up the production phase allowing to
move from the initial concept to the final prototype within 24 months. Since June 2018, the
solar vehicle is on the road transporting 4 people, weighing less than 300kg, reaching speeds
of 120km/h and able to travel hundreds of kilometers with zero‐emission and no fuel
consumption.
This work briefly summarizes the realization of the design (Fig.1 and 2) and construction of
one of the few multi‐occupant solar vehicles in the world and its use to cross a large part of
the United States, carried by a group of researchers from the University of Bologna and
supported by partner institutions. Everything started from the sporting passion for
automotive competitions and from the
previous experience in the field of solar
vehicles, which led to the creation of a
solar single‐seater in recent years. With
this vehicle, we took part in several races
Figure 1. Aesthetic design: some proposals
on different continents bringing back
from the design competition (©Filip Relic).
valuable successes. However, the
category of single‐seater solar vehicles did not seem to represent a real technological
challenge as it appeared to be the category of multi‐passenger vehicles. Known under the
name of 'cruiser' car, this relatively recent category in the racing scene obliges designers to
face particularly complex technical problems, linked to the specific needs of solar mobility.
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Solar cars have to be imagined by the designers around the fundamental concept of energy
efficiency. This condition requires
important technical and design
choices that, combined with the
race regulation requirements,
(a)
(b)
lead to exclusive and highly
Figure 2. Aesthetic final design (a) and patented
innovative prototypes. Besides,
version with rendering effect (b) (©Marko Lukovic).
everything was made possible
only thanks to the use of concurrent engineering and its design tools, within a more general
approach to Total Quality Management (TQM) in automotive. This path is here briefly
presented together with a list of references, able to provide full details on specific aspects.
The final result is a 4‐seater, electric solar‐powered vehicle. Size 4.6x1.8x1.2m; empty mass
(including batteries) of 230 kg and a maximum of 600 kg. Main structure and components in
carbon fiber reinforced polymers (CFRP), with some parts in kevlar, titanium and ergal. Front
surface of 1.60 m2 with a 0.20 drag coefficient. Maximum expected speed 100 km/h, average
consumption of 21 Wh/km (at 55 km/h), range of about 750 km (at 55 km/h). Photovoltaic
panel in monocrystalline silicon, 5 m2 with 326 SunPower cells, maximum efficiency 24% (at
25°C) and maximum panel power of 1.1kW. Converter with 98% efficiency. Battery pack: 83
kg positioned in the central tunnel, 1344 Samsung lithium ion cells with a nominal capacity
of 3.4 Ah; rated voltage 48V, intensity 331.2 Ah, total energy 16.1 kWh; 2688 temperature
sensors. Two synchronous motors with permanent magnets on the rear wheels: external
rotor coupled directly to the wheel, and stator on the structure. Each 11kg motor has a
nominal power of 1300 W and a maximum of 3000 W (nominal torque of 35 Nm and a
maximum of 125 Nm); expected efficiency 97%. These performances permitted to cross the
United States, from the Missouri river to Portland, passing through the Rocky Mountains in
less than 10 days, with an average speed of approx. 65 km/h, inside the American Solar
Challenge 2018 (Figure 7). As a synthesis, thanks to the design approach, it was possible to:
design and build a four‐wheeled light vehicle; include it in the standard category of
quadricycles; minimize the overall dimensions of space; maximize the space where to locate
the solar panels; carry 4 passengers safely; balance weights and vehicle dynamics; provide
adequate space for vehicle components such as steering and suspensions; provide adequate
space for electrical components such as engines and battery; guarantee fast‐access systems
in case of maintenance; optimize the aerodynamic profile by reducing air resistance;
guarantee a phenomenon of downforce in order to reduce the rolling resistance; correctly
convey part of the air for cooling and ventilation; ensuring the internal liveability of the
spaces and the installation of auxiliary devices; insert elements such as doors, air vents,
lights, arrows, license plate in line with the standards; use shapes that can be built with
available materials and technologies; provide for the possibility of registration of the vehicle.
Acknowledgment. The research is part of a larger action, managed by the University of
Bologna (with references Cristiano Fragassa and Giangiacomo Minak), aiming at
demonstrating the potentialities of the solar energy for a sustainable mobility. This
publication has been supported by the Italian Ministry of Foreign Affairs and International
Cooperation thought the Joint Research Projects as Particular Relevance, with a project
named ‘Two Seats for a Solar Car’ within the Executive Programme of Cooperation between
Italy and Serbia in the field of Science and Technology. Special thanks to Mauro Sassatelli
and Ruggero Malossi (Onda Solare).
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The ability to present cutting‐edge solutions for packaging in the field of palletized products
has to be considered as the result of the investments in research infrastructures and
advances in applied researches. In the present article, in particular, it is detailed the main
equipment and all the other testing facilities that can be used to optimize the way a
palletized product is realized. Tests are implemented in accordance with standard and less
standard procedures up to fully innovative methods. This approach is able to provide advice
both on the most appropriate palletizing scheme to pack the load, either on the best
packaging methods able to conserve intact the product to the consumer. For customer it
represents a great added value that allows to experience first‐hand palletizing solutions,
packaging and stability of the load, reducing production costs and optimizing efficiency.
Over the years, the packaging industry has become increasingly important. At the beginning,
the essential aspect was to guarantee a safe, functional and aesthetically appreciated
product packaging. Later, and rather recently, the packaging has covered additional aspects
such as environmental sustainability of transport and the integrity of the goods transported.
In this regard it is usual to differentiate a 'primary packaging', the one intended to contain
the product in contact with it (e.g. bottles, blisters, etc.), from a 'secondary packaging', used
to collect and protect the goods during transport. For this second form of packaging it is
common to group primary containers (e.g. bottles, blisters, etc.) in bundles, consolidated
through heat‐shrink material, and then in pallets. These pallets are wrapped in prestressed
films of plastic material that stabilize the package.
This secondary packaging process is characterized by a significant number of parameters,
such as, for example, the type and thickness of the film, the number of layers, the strength
of pre‐stress and so on. Transport by ship, by train, by truck are just some of the different
options that identify the specific load spectra to which a package is subjected during
transport. In the various studies the attempt is to categorize these solicitations around some
bases of reference, such as, for example, the geographical area, America, Asia or the type of
route travelled (highway vs secondary roads. This is joined by all that is present although less
intuitive. This relates, for example, to secondary handling, including shocks (expected or
not), storage inside or outdoors (changes in temperature, humidity and irradiation with
modification of the properties of the film.
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This problem is so worthy of attention that innumerable standards have arisen. Among many
of others it is interesting to mention: EUMOS 40509 for evaluating the load unit rigidity; the
ASTM D4003 as test method for horizontal impacts of containers; ASTM D5276 for drop tests
on containers; the ISTA list on procedures for simulating the effect of different mean of
transportations.
Regardless of the characteristics of the packaging considered to be the most suitable and
the stresses expected during the trip or their theoretical models, there will always be a time
when all these considerations must be tested through an experimental approach.

Figure 1. Moog hexapod configured for test simulation.
In other words, we will always need a laboratory equipped to test packages. This goal is not
obvious in terms of feasibility, especially considering how the packaging subject to analysis
can be very large and heavy, and must be subjected to rather significant impulsive loads,
capable of reproducing stresses similar to those present during transport, including events
such as shock.
Some regulations help simplifying real loads by considering them equivalent or less
burdensome than those provided through standard tests. Several studies and even our
experience suggest that these tests are not to be considered equivalent, nor more rigorous.

Figure 2. Results on wrapping load after test on vibrating platform.
The success of the first simulations and the potentiality to replicate every type of transport
or critical event thanks to the developed measurement system combined with Moog
hexapod (Fig.1) has led the laboratory to represent a first‐class test environmental for this
special products. Therefore this machine is added to the current one, able to study by
standard tests the effect of transport on the stability due to wrapping of the palletized load
(Fig.2). Meanwhile an instrumented pallet will be used to extend the available data related
to transports, for every kind of product, transport, road and other parameters and
configurations required by the customer.
Acknowledgments. The authors wish to acknowledge the assistance and encouragement
from colleagues from the Department of Industrial Engineering at the University of Bologna.
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All products have a limited life expectancy, so it is necessary to constantly develop new
products that will replace the existing ones and keep the company's competitiveness in
business. Just as the product life cycle has different phases, the development of new
products is also broken down into several specific phases (Figure 1).

Figure 1. Phases of new product development
Product development today can not be imagined without the use of numerous CAx tools in
the virtual product development process. CAD is a key tool used to create product geometry
in a virtual environment. CAx includes a wide range of product calculation, simulation,
optimization and planning processes in several disciplines (e.g. mechanics, electrics,
electronics, optics), which are performed parallel to the geometry creation. Of course,
throughout the virtual development cycle, design always goes hand in hand with
computational engineering processes. In some literature, virtual development in general is
denoted as CAx (computer aided technologies). The combination CAD and different of CAx
processes can be displayed as process chains (Figure 2).
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Figure 2. CAD‐CAx workflows
In the process of virtual development of power gear transmission, the calculation of all gear
elements of the gearbox is carried out in the software Power Transmission Design (PTD),
developed at the Faculty of Mechanical Engineering in Niš. Based on the results of the
calculation, all parts of the gearbox, the assembly gearbox, and the documentation of parts
were made in the CAE software Autodesk Inventor Professional 2019. In Figure 3, a 3D model
of a power gear transmission is given.

Figure 3. 3D model of power gear transmission
Based on the 3D model of parts of power gear transmission, the physical parts are obtained
by 3D printing. 3D printing (3DP) technologies can be divided in the following groups: inkjet
printing, fused deposition modelling, polymer jetting and so on. In this paper the focus is on
3DP applications, mainly fused deposition modeling (FDM).
Acknowledgments. This paper presents the results of the research conducted within the
project ‘‘Research and development of new generation machine systems in the function of
the technological development of Serbia’’ funded by the Faculty of Mechanical Engineering,
University of Niš, Serbia.
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3D printing technology significantly saves the time in development of functional product.
This paper presents the use of 3D printing for prototype production of handheld vacuum
cleaner. The aim was to improve our knowledge in fields of product development and
manufacturing technologies by making a novelty handheld vacuum cleaner. Beginning of
product development was based on sketching potential models of handheld vacuum cleaner
by using “Brainstorming” method. After selection of four alternative solutions, analyses of
their best characteristics with aim to combine them into the one solution was made. Figure
1, a shows a sketch of final solution, while in figure 1, b the corresponding 3D model of
handheld vacuum cleaner is presented.

Figure 1. Sketch (a) and 3D model (b) of handheld vacuum cleaner
In order to showcase the appearance and have a proof of concept for the handheld vacuum
cleaner, a prototype of it was made. For efficient 3D printing, model presented in figure 1, b
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was adjusted to production process for corresponding 3D printer. Printed component from
prototype of handheld vacuum cleaner is presented in figure 2.

Figure 2. Printed component of handheld vacuum cleaner
The current model was made with the purpose of being used as a desktop gadget in the
office or at home. As the device is a product of 3D printing, it is possible for anyone who
possesses a 3D printer to print and assemble their own following given instructions and
purchasing the required motor and battery.
Further development will require testing design efficiency and functionality of handheld
vacuum cleaner, as well as eliminating weak points and sections, it was planned to make
functional prototype with use of different materials.
What it created motivation for work is existence of possibility to extend knowledge in fields
like industrial design, construction and product development, as well as gaining professional
skills like creative problem solving and team work.
Acknowledgments. This paper is a continuation of a group project done for the course
Industrial Design and the Faculty of Engineering, University of Kragujevac. We would like to
thank the Centre for Testing and Calculation of Machine Elements and Systems "Prof. dr Vera
Nikolić Stanojević" – CIPMES for the support in 3D printing.

317

9th International Scientific Conference
Research and Development of Mechanical
Elements and Systems
Kragujevac, Serbia, September 5‐7 2019

‐ STUDENT SECTION ‐
RECONSTRUCTION OF CUTTER FOR TEXTILE USING PRINCIPLES OF
REVERSE ENGINEERING AND RAPID PROTOTYPING
Kristijan Micic1, Srdjan Samardzic1
1

University of East Sarajevo, Faculty of Mechanical Engineering, Vuka Karadzica 30,
71123 Lukavica, BiH, micickristijan@gmail.com

Key words: reverse engineering, rapid prototyping, reconstruction.
In this paper is present Reconstruction of cutter for textile using principles of Reverse
engineering and Rapid Prototyping. Reverse engineering is the process of exploring the
technological principles of a product, object or system by analysing its structure, function
and running. In this case, process of reconstructing consist from six steps (Figure 1).

Figure 1. Steps of reconstruction
First step was defining and analysing the problem. The starting point was broken part
(carrier) for which was not provided technical documentation, so it was necessary to apply
process of reverse engineering. Second step was 3D scanning. Scanning was made using two
scans at NextEngine 3D scanner with MultiDrive module. Basics parameters of scanning are
presented at Table 1. Next step was optimizing model in NextEngine Scan Studio software.
It was necessary to remove some parts using trim tool and to improve quality of scan using
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fuse and polish tool. Fourth step was creating model in SolidWorks. It is important to accent
that model was imported in SolidWorks as STL format. Model based on the scan was created
after that.
Table 1. Basics parameters of scanning
Scan A
Scan B

Positioning
360
Bracket

Start
0
‐176

Tilt
0
31

Division
5
5

Points/𝑰𝑵𝟐
16k
7k

Next step was model analysing in Z‐Suite software. At this step, problem was incorrectly of
some model parts so it was important to go back to SolidWorks model and correct it. The
parameters for production from Table 2 were set after that.
Table 2. Basics parameters for production
Material
Nozzle diameter
Layer
Quality
Infill

Z‐ULTRAT
0,4 mm
0,19 mm
Normal
70%

Last step was production of final part using FDM (Fused Deposition Modelling) technology
at Zortrax M200 device. FDM technology present type of RP technology that uses a
continuous filament of a thermoplastic material. Filament is fed from a large coil through a
moving, heated printer extruder head, and is deposited on the growing work.
Table 3. Times spent on every step
Step
Defining and analysing the problem
3D scanning
Optimizing model in NextEngine Scan
Studio software
Creating model in SolidWorks software
Analyzing model in Z‐Suite software
3D printing
Total

Time
60 min
30 min
60 min
300 min
30 min
200 min
680 min = 11h 20 min

In this paper has been proved that it is possible to reconstruct product without using CAD
tool but it takes a lot more time (Table 3). A reconstructed product has been manufactured,
tested and ready for commercial serial production at the end of this process.

Acknowledgments. Thanksgiving to prof. dr Biljana Markovic and Aleksija Djuric for major
contribution to creating of this paper.
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Abstract: Increasing the efficiency of IC engines is a frequently discussed topic and one of
the approaches taken is to modify the thermodynamic work cycle of the engine so that it
resembles the ideal cycle more closely. This paper attempts to achieve that by altering the
kinematics of the piston‐crank mechanism by introducing a pair of non‐circular gears
between the crank and the flywheel. The addition of the gears alters the work cycle by
introducing a state of pseudo‐dwell during key points of the cycle. Possible gear shape
solutions were calculated using a known, periodical function to express the gear
transmission ratio. These gear shapes were then analyzed in regard to their effect on the
work cycle and their technological viability. The final result was a pair of non‐circular gears
with a shape that has a noticeable effect on the kinematics of the piston‐crank mechanism
while still being possible to manufacture.
Key words: piston‐crank mechanism, non‐circular gears, kinematics, IC engine.
1. INTRODUCTION
The chain of thermodynamic reactions occurring in the piston chamber of an IC engine is
known as the work cycle. Due to the complexity of these reactions, the work cycle is analyzed
through different mathematical models. In theory, the most efficient thermodynamic cycle
for IC engines is the Otto cycle, which consists of isentropic compression and expansion
processes and isochoric heat addition and expulsion processes [1,2].
The traditional design of IC engines with a simple slider‐crank mechanism doesn’t allow
enough time for isochoric combustion which significantly reduces the cycle efficiency. The
ideal scenario is to initiate and complete the combustion event while the piston remains at
the TDC position. This provides the maximum thermal potential and eliminates the negative
work due to early ignition which is well into the compression stroke with conventional
engine strategies. One practical method of achieving this optimization is to significantly
reduce the piston velocity at the TDC position to provide extra time for completing the
320

combustion [3]. Modifications to the motion of the piston made in order to improve the
efficiency of the IC engine have been studied by many researchers [3‐5].
This paper explores the possibility of increasing the efficiency of IC motors by modifying the
piston‐crank mechanism with the addition of a pair of non‐circular gears, thus changing the
law of motion of the piston and forcing a period of pseudo‐dwell which in turn would bring
the thermodynamic work cycle of the engine closer to the ideal work cycle.
The goal of this paper is to offer a viable solution for the problem of increasing IC engine
efficiency in the form of a pair of non‐circular gears and analyzing their effect on the whole
mechanism and their overall viability.
The paper is structured as follows. Section 1 introduces the topic of this paper and explains
the motivation for writing it. Section 2 presents the conventional piston‐crank mechanism
and its laws of motion as well as its proposed modification, the inclusion of a pair of non‐
circular gears. The results are presented in Section 3 and include the kinematics of the
modified mechanism, the shape of the gears and commentary on the viability and
effectiveness of the modifications. Section 4 offers a summation of the paper and outlines
possible future works.
2. PISTON‐CRANK MECHANISM
2.1. The conventional piston‐crank mechanism
The conventional piston‐crank mechanism (figure 1) used in IC engines consists of a piston
(Figure 1 – link 4), a connecting rod (Figure 1 – link 3) and a crankshaft (Figure 1 – link2).
While the piston is technically the driving element in this case, the mechanism is powered
by the crankshaft for three out of the four strokes, by way of the kinetic energy accumulated
in the flywheel. Due to this, the crankshaft will be regarded as the driving (input) link further
in this paper.

Figure 1. Scheme of the piston‐crank mechanism
After conducting the kinematic analysis [6], the following laws of motion are obtained
(Figure 2). For graphing purposes, the following parameters were adopted as such (the
kinematic parameter of most IC engines being  

1 

2  100  
s
r2  0.06  m 
r3  0.2  m 
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r2
 0.25
r3

0.3 ):

The parameters 2 , r2 , r3 being the velocity of the crankshaft, the radius of the crankshaft
and the length of the connecting rod, respectively.
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Figure 2. The position (top), velocity (middle) and acceleration (bottom) of the piston
2.2. The proposed modification of the crank piston mechanism and
As is evident in the graphs, the velocity of the piston is equal to zero only in the moments
when it passes through the top and bottom dead centers. The graph in figure 3 shows the
difference between the law of motion of the conventional mechanism and the law of motion
the piston would need to follow to achieve an ideal work cycle.
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Figure 3. Law of motion of the piston ‐ ideal cycle (solid line), modified mechanism (dotted
line), conventional mechanism (dashed line)
The conventional piston‐crank mechanism operates on the assumption that the input
velocity supplied by the crankshaft is approximately constant due to the flywheel. By
changing this velocity from constant to the variable, it becomes possible to influence the law
of motion of the piston. However, since the crank piston mechanism is only one part of the
more complicated IC engine, which is again only a part of the power train of a vehicle, certain
other requirements need to be taken into consideration.
Therefore, the modified mechanism needs to fulfil the following requirements:
1. Supply the variable input speed of the crankshaft needed to achieve the prescribed
law of motion of the piston
2. Avoid unnecessary complications of the construction
3. Avoid stopping the latter parts of the vehicle power train (the flywheel, the gearbox
elements, etc.)
One possible solution that would fulfil these requirements is a pair of non‐circular gears
inserted between the flywheel and the crankshaft. The gear connected to the flywheel
would be considered the input gear and would have a constant velocity. The gear connected
to the crankshaft would have a variable velocity which is dictated by the shape of the gears,
therefore theoretically offering the possibility of defining the motion of the crankshaft with
an arbitrary function, and consequently, the motion of the piston as well. A scheme of the
proposed solution is shown in Figure 4.

Figure 4. Scheme of the modified piston‐crank mechanism
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2.3. The introduction of non‐circular gears to the piston mechanism
The centrode of non‐circular gears is defined by expressing the relation between the radius
and the polar angle of each gear [7]. To achieve this, a function must be prescribed that
determines the variation of the output velocity.

Figure 5. Kinematic parameters of non‐circular gears
The parameters (Figure 5) needed to define the shape of non‐circular gears are:
1.

The transmission ratio:

i12 (1 ) 
2.

3.

The axial distance:

r2 (1 )
r1 (1 )

L  r1 (1 )  r2 (1 )  const

(2)

The centroid radii:

r1 (1 ) 

L

1  i12 (1 )
L
r2 (1 ) 
 i23 (1 )
1  i12 (1 )
4.

(1)

The polar angle of the output gear

2 (1 ) :
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(3)
(4)



1 d1
1

 d2  i21  d1  2 (1 )   i21d1   d1
2 d2
0
0 i12
The shape of the input gear is determined by: r1 (1 )and 1 .
2

i12 

The shape of the output gear is determined by:

2

(5)

r2 (2 )and 2 .

Since the input velocity is constant, the output velocity can be indirectly expressed using
the transmission ratio, which is the approach taken in this paper.
The function used is a member of the following function family:

1
1
1
 2  (a  b)  2  (b  a )  cos(  ),1   0,0 

0
i12 (1 )  
(6)
 1  (a  b)  1  (b  a )  cos( 1  0 ),   , 2 
1
0
 2
2
2  0
The parameters a, b,0 being the minimum of the function, the maximum of the function
and the point in time (the angle) where the function achieves the maximum value,
respectively. A visual representation of these parameters is shown in Figure 6.

Figure 6. Transmission ratio function with different values of

0

(left) and a (right)

To ensure that the gears rotate continuously and are possible to manufacture, two
additional requirements must be fulfilled:
1. The centroids of the gears need to be closed. For this to be the case, the following
expression must be true:

T1 T2

T
n1 n2

(7)

Where T1 , T2 are the periods of the input and output gears centrode, n1 , n2 are
2.

arbitrary integers and T is the period of the transmission ration function.
The average transmission ratio must be equal to 1, meaning that for each revolution of
the input gear, the output gear completes one revolution as well. If this is the case, then
the periods of both gears are equal and the following equation can be written.

2 (2 ) 

2

i

21

(1 ) d1  2

0

By solving equation (8), the following expression is established:
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(8)

ab 2

(9)

Based on equation (9), the parameters are adopted as such:

0  
a  0.1
b  2  a  1.9
After including these parameters in the general function, the specific transmission ratio in
the case of this mechanism is defined as such (figure 7):

1  0.9  cos 1 ,1   0,  
i12 (1 )  
1  0.9  cos(1   ),1   , 2 

(10)

Now it becomes trivial to express the variable velocity of the output gear:

2 (1 )  i21  1 .

(11)

Figure 7. Adopted transmission ratio i21
3. RESULTS
3.1. Kinematics of the modified mechanism
After conducting the kinematic analysis of this newly modified crank piston mechanism, the
law of motion of the piston is obtained. Figure 8 shows the modified law of motion, and
allows the comparison of the modified and conventional laws of motion.
For graphing purposes, the bottom and top dead center positions and the piston stroke are
adopted based on existing IC engines, respectively:

sBDC  140  mm 
sTDC  260  mm 
h  sTDC  sBDC  120  mm 
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Figure 8. Modified (solid line) and conventional (dash line) mechanism – piston position
The piston of the modified mechanism changes its position very slowly when near the top
dead center – in the interval of 0 to 30 degrees of the crankshaft revolution, the piston
position changes from 260mm to 259.8mm. The difference between the laws of motion is
evident. The modified law of motion describing the velocity is shown in Figure 9.

Figure 9. Modified (solid line) and conventional (dash line) mechanism ‐ piston velocity
It is evident that the piston velocity of the modified mechanism is close to zero ‐ during the
crankshaft interval of 0 to 30 degrees the velocity changes from 0 to ‐1.16 m/s, meaning that
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a period of pseudo‐dwell has been achieved. The difference between the piston velocities
of the conventional and modified mechanisms can also be seen in Figure 9.
Due to the fact the input velocity is now variable instead of constant, the law of motion
describing piston acceleration of the modified mechanism is different from the piston
acceleration of the conventional mechanism. Both piston accelerations can be seen in Figure
10.

Figure 10. Modified (solid line) and conventional (dash line) mechanism ‐ piston
acceleration
The modified piston acceleration is a smooth function with no sudden extreme changes in
value, which is favourable. However, it is evident that, when compared to the piston
acceleration of the conventional mechanism, the acceleration magnitude of the modified
mechanism is much higher. This implies the existence of higher inertial loads, which could
be problematic, but this line of inquiry will not be pursued in this paper.
3.2. The shape of the non‐circular gears
For graphing purposes, the axial distance between the gears is adopted as L=100 [mm]. Using
the adopted axial distance and the output gear velocity 2 (1 ) , the shapes of the non‐
circular gears are obtained.
The gear shapes are shown in Figure 11.
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Figure 11. The input (left) and output (right) non‐circular gears
A relevant parameter of non‐circular gears is the curvature radius. Parts of the gear profile
with small curvature radii could have trouble meshing properly, and can make
manufacturing the gear teeth difficult or even imposible. Also relevant are inflexion points
since they are the points where the curvature changes from concave to convex and vice
versa. Both of these parameters are shown in Figure 12 and Figure 13 for the input and
output gear, respectively.

Figure 12. Critical points of the input gear
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Figure 13. Critical points of the output gear
While a more detailed analysis is needed to determine if these gears can be manufactured,
there are no extremes present (ie. Points where the radius equals to zero or forms a cusp).
Variations of the gear shape are possible by varying parameter a. The effect of different
values of this parameter on the law of motion of the piston is shown in Table 1 and Figure
14. For ease of comparison, the begining and end of the pseudo‐dwell is defined as
sTDC  0.2  259.8  mm  .
Table 1. The effect of different values of parameter a on the length of the pseudo‐dwell

a

Crankshaft angle
interval during
pseudo‐dwell

Line type (Figure
14, Figure 15)

1 [deg]

Piston position at
the beginning and
end of pseudo‐
dwell s [mm]

0.1

Dotted line

 30 ...  30 

259.8

0.2

Solid line

 20 ...  20 

259.8

0.3

Dash line

11...  11

259.8
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Figure 14. The effect of parameter a on the length of the pseudo‐dwell
It is evident that by decreasing the value of a, the length of the pseudo‐dwell increases. The
effect of different values of parameter a on the gear shape is shown in Figure 15.

Figure 15. The effect of parameter a on the shape of the input (left) and output (right)
gears
It is evident that by decreasing the value of parameter a, the shape of the gears becomes
more extreme, making both meshing and manufacturing more difficult. Since a decrease of
parameter a provides a more effective modification of the piston motion but also decreases
the viability, the solution would need to be a compromise found using a method of
optimization, a topic for future study.
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3.3. The effect of the modified mechanism on the work cycle
The pV diagram shown in Figure 16 is a visual representation of the influence of parameter
a, and consequently the varying gear shapes, on the work cycle. The most efficient cycle, the
one with the largest surface area of the upper part, is the ideal work cycle. As the diagram
shows, the smaller the value of a, the closer the modified work cycle is to the ideal cycle.

Figure 16. The effect of parameter a on the work cycle
As was stated previously, a lower value of the parameter means a gear pair that is more
difficult to manufacture and mesh correctly. However, even the work cycle of the
mechanism with the most conservative gear pair shown in this diagram shows an increase
in efficiency when compared to the conventional crank piston mechanism.
4. CONCLUSION
This paper explored the possibility of increasing the efficiency of IC engines by modifying the
kinematics of the piston‐crank mechanism, through the use of non‐circular gears. By defining
the transmission ration of the gears with a known periodic function (defined by parameter
a), possible solutions were obtained.
The results show that there are indeed possible gear shapes that could be used to modify
the kinematics of the mechanism, to force the piston into a period of pseudo‐dwell while
near the top and bottom dead centers. By further analysing the effect of parameter a (and
the gear shape), it was made clear that the more pronounced the pseudo‐dwell became, the
manufacturing difficulty increased.
Apart from the need to compromise between effectiveness and viability, several other
downsides were found, notably the drastically faster acceleration of the piston. High
acceleration values imply the possibility of high inertial loads, but a full dynamic analysis
would need to be conducted to confirm.
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The most notable downside, however, would be the fact that this type of mechanism only
offers the possibility of pseudo‐dwell. To bring the work cycle as close to the ideal cycle as
possible, a mechanism that offers true dwell is required. A possible solution for this problem
would be non‐circular epicyclic gears. A secondary upside to using epicyclic gears is that they
keep the construction coaxial, which isn’t the case with conventional non‐circular gears. Of
course, further study is needed to ascertain whether their use would fulfil the requirements
listed in this paper, and if so, whether they are possible to manufacture.
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Abstract. In this paper is shown analysis of the influence of input rotation angle and
operation angle on stresses in a cardan cross. The aim of this paper was to perform analysis
of cardan cross using two different methods, analytical method and finite element method.
Analytical method does not include real geometry in a calculation. Finite element method
was performed by using Computer Aided Design software SolidWorks 2017. Based on
obtained results it can be concluded that resulting stresses have maximal values in shape
transition zone between branches and central section of cardan cross. Optimal range of
operation angle, based on this paper, is 𝛼 0° 20°. Relative stress variation between
finite element method and analytical method is about 67%. Resulting stresses, obtained by
analytical and numerical methods, have same trendline behaviour as functions of rotation
angle of input shaft.
Key words: cardan cross, stress, finite element method, analytical method.
1.

INTRODUCTION

Fast development of cardan mechanisms and their wider usage begins by development of
transport and agricultural mechanical engineering [1]. The cardan mechanism transmits
torque and rotational movement between shafts which axes are under certain angle or by
time variable angle [2]. Because of nature of cardan mechanisms, the position of cardan
shaft can be variable in exploitation by changing of terrain. It is very important to make
correct assembly of these mechanisms as well as manufacturing their parts, because by time
of exploitation due to overload, various destructions and fractures can be identified on
elements of cardan mechanisms. The most common failure sections are at basis of the
cardan yoke and the cardan cross [1,2].
Before any part of the cardan mechanism find its way to exploitation it’s important to
perform adequate analysis of every part. The problem is in stress concentration at basis of
the branches of the cardan cross, aim is to determine that stress and reduce its
concentration. The structural analysis in this paper is based on calculation of maximal
stresses on bending and shear of a cardan cross, with variation of the position of output
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shaft relative to input shaft, which directly impacts stresses that appear on a cardan cross.
Causes of failures of the cardan mechanism and its design was analysed by many researches.
Avrigean et al. performed comparison of results obtained by analytical method, finite
element method (FEM) and experiment on a real model. They’ve concluded that results
obtained by finite element method is more relevant than analytical method, as well that
results obtained by finite element method and experiment on a real model have difference
about 9% [3].While in some papers that observed the influence of operation angle on
stresses in a cardan cross, with already known optimisation, relative variations between
analytical and numerical method can be about 34% [4].
Stamenić et al. have concluded that with use of numerical method is possible to make
optimization of geometrical dimensions from aspect of evenly spreading loads through
loaded sections of cardan cross. Main reason of this research was the distribution of loads
on loaded sections of cardan cross have big impact on capacity and life of whole cardan
mechanism [5]. In order to increase life of cardan mechanism and to decrease oscillations
Vesali et al. had accomplished better power transmission by increasing degrees of freedom
and using finite element method [6]. Many scientists were involved with design and analysis
of cardan shaft or its subassemblies, which were based on variation of only loads or only
materials at static load. Some of more important conclusions were that maximal stresses are
usually at sections with sharp edges of cardan cross, then that results obtained by finite
element method are similar to real life experiment and beside that saves a lot of time.
Likewise, they’ve concluded that grey cast iron is desirable choice among tested materials,
because of better toleration at loads [7‐9]. Ivanović et al. were reduced loads on input yoke
of cardan shaft by 30% and for cardan cross even to 40%, only with modification of shape
and fillet. Optimization was done by adding fillets at basis of yoke and at basis of branches
on a cardan cross. Likewise, they’ve accomplished optimization with small design
modifications in sections of yoke where load is negligible compared to the rest of element
[10].
After literature review it was noticed that scientists are focusing on using software in order
to very easy, faster and reliable obtain convenient conclusions of considered elements. The
aim of this paper was to perform structural analysis of cardan cross using two different
methods to establish which method provides more accurate results. One of methods used
was analytical calculation with help of corresponding equations, while other is standard
finite element method. Because of complexity of the problem in this paper analysis of a
cardan cross is shown.
2.

EXPERIMENT

Need for bigger reliability of cardan mechanisms is getting bigger, because of the more
difficult work conditions to which elements of these mechanisms are exposed. Based on the
cardan cross geometry and its position in cardan joint assembly, during exploitation it’s
exposed to loads on twisting, bending, surface pressure and shear [2]. Main characteristic of
asynchronous cardan mechanism, like it’s cardan joint (figure 1), is to frequently change
difference between angles of rotation as well as difference between angular velocities of
input and output shafts. This value is even bigger if operation angle α between shafts is
bigger, which can lead to unevenly power transmission [2].
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Figure 1. Cardan joint
In figure 1 is simplified presentation of cardan joint, with positions of input and output yokes
(1) and (2) which are connected to a cardan cross (3).
2.1. Analytical calculation of resulting stresses
Calculation of resulting stresses was done on model of the cardan cross that is shown in
figure 2. Dimensions of considered model are limited by design requirements. Main
characteristics which cardan cross needs to fulfill are power: 𝑃 5 kW, number of
revolutions: 𝑛 1400 min , distance between top of branche and critical section A‐A:
10.5 mm, length of bearing zone: ℎ 9 mm, distance between two top sides of
ℎ
11.5 mm, diameter of branche
opposite branches: 𝐻 40 mm, diameter of branches: 𝑑
13 mm, diameter of hole for supply of lubricant: 𝑑
3 mm, arm
at critical section: 𝐷
of force from center of cardan cross: 𝑅 15.5 mm and operation angle: 𝛼
0 30° .
Model of this cardan cross was result of cardan shaft calculation within bachelor thesis [11].

Figure 2. Dimensions of a cardan cross
If losses are neglected, based on virtual moving, equation of balance for cardan mechanism
have form as in equation (1) [2]:
𝑇 ∙ 𝑑𝜑

𝑇 ∙ 𝑑𝜑 ,

1

or like:
𝑇

𝑇 ∙

∙

where 𝜑 and 𝜑 are angles of rotation of input and output shafts.
can be presented as in equation (3):
Maximal value of force 𝐹
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.

2

𝐹

.

∙

(3)

Maximal value of bending stress in critical section A‐A:
∙

𝜎

,

(4)

and 𝑊 is resistant moment of cardan cross. In this paper
where 𝑙 is arm of force 𝐹
cross section on branches of cardan cross is in circle shape, so 𝑊 can be presented as
in equation (5):
∙

𝑊

.

(5)

Because of load on shear of cardan cross, shear stress can be calculated as in equation (6):
∙

𝜏

∙

.

(6)

So from previous two equations for stresses (4) and (6), it is possible to calculate resulting
stress as in equation (7):
𝜎

𝜎

3∙𝜏 .

(7)

More detailed calculation of previous equations is presented in reference [2].
Based on previous researches like Rakić et al. and Vesali et al., expectations were that
0°and 𝜑
90° [4,6].
resulting stress reaches its critical value at angles of rotation 𝜑
Beside analytical calculation it’s needed to perform numerical analysis of cardan cross
because of conformity of obtained results.
2.2. Numerical calculation of resulting stresses using finite element method
The data accuracy obtained by analytical method is not promising, from simple reason
because for calculation it’s used simplified model. Numerical method like finite element
method is based on calculation of mathematical model with real geometry. Structural
analysis using finite element method is more precise relative to analytical method. Finite
element method gives opportunity to make fast and repeatable calculations if modification
of elements is needed. Within this paper simulation of loads on the cardan cross was done
by using Computer Aided Design software SolidWorks 2017. Analysis using finite element
method is based on next steps [12,13]:
 creation of geometric model,
 definition of material,
 discretization by finite elements (creation of mesh),
 definition of boundary conditions,
 definition of loads,
 numerical calculation and
 graphic interpretation of results.
Geometrical model of cardan cross in this paper was based on real life model, with
recommendations from references [10] and [14]. After a few variations an optimal model
came out and it’s shown in figure 3. The material used for this particular cardan cross is
16MnCr5. This material is low carbon casted steel and it’s recommended by most
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manufactures. Main characteristics of 16MnCr5 material are elastic modulus 𝐸
10 MPa and Poisson’s ratio 𝜈 0.28.

2.1 ∙

Figure 3. Discretization of model with loads
In figure 3 created mesh and defined loads can be seen. Because of the assumption and on
the basis of previous researches, that on shape transition zone between branches and
central section will be maximal stress, creation of mesh was done in way to be very fine in
shape transition zone. The reason is that with finer mesh stresses can be easier and more
precisely localized. Boundary conditions were defined using theoretical basis of cardan cross.
Central section was fixed and all branches were loaded with forces in range from 1.1 kN to
1.27 kN. Cardan cross is element that is symmetrical between two axes and have four
branches that are creating the angle of 90° by them. Every branches loaded with same forces
that are coming from yoke over roller bearings. In reference [10] finite element method was
done on quarter of the cardan cross because of symmetry, it was loaded with one force,
while in this paper whole cardan cross was loaded.
For whole process to be relevant it was needed to repeat numerical calculation for every
value of operation angle α. It was also needed to perform analysis for different positions of
input shaft that are defined by angle of rotation 𝜑 which can be moving in range from
0° to 𝜑
180°, but because of symmetry of results experiment was performed until
𝜑
half of rotation. Distribution of von Mises stresses in the cardan cross for different values of
operation angle α and angle of rotation 𝜑 , with graphic chart of stress level is presented in
figures 4 and 5.

Figure 5. Von Mises stress distribution in
the
cardan
cross
at
𝛼 30°
and
𝜑
90°
(𝜎 65.208 MPa)

Figure 4. Von Mises stress distribution in
0°
the cardan cross at 𝛼 10° and 𝜑
(𝜎 55.606 MPa)
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2.3. Discussion and analysis of the results
Based on calculation using analytical method values of resulting stresses of cardan cross
were obtained. Values of resulting stresses as functions of operation angle are shown in
table 1.
Table 1. Values of resulting stresses as functions of operation angle
𝛼 °

𝐹

𝑇 Nm
𝜑

0°

𝜑

90°

𝜑

0°

kN
𝜑

𝜎 MPa
90°

𝜑

0°

𝜑

𝜏 MPa
90°

𝜑

0°

𝜎 MPa

𝜑

90°

𝜑

0°

𝜑

90°

0

34.1071

34.1071

1.10023

1.10023

30.6059

30.6059

8.28909

8.28909

33.806

33.806

5

33.9774

34.2374

1.09604

1.10443

30.4894

30.7228

8.25755

8.32076

33.6774

33.9352

10

33.589

34.6333

1.08352

1.1172

30.1409

31.078

8.16316

8.41697

33.2924

34.3275

15

32.945

35.3103

1.06274

1.13904

29.563

31.6855

8.00665

8.5815

32.6541

34.9986

20

32.0502

36.2961

1.03388

1.17084

28.7601

32.5701

7.7892

8.82107

31.7673

35.9756

25

30.9116

37.6331

0.99715

1.21397

27.7384

33.7699

7.51247

9.146

30.6387

37.3008

30

29.5377

39.3835

0.95283

1.27044

26.5055

35.3406

7.17857

9.57142

29.2769

39.0358

The reason why calculation of resulting stresses was not performed for operation angles
over 30° is that the majority of manufactures claims that with increase of operation angle
oscillations increases as well. Operation angle over 20° is not recommended for use within
agricultural machines [15]. After all collected data it was possible to perform comparison of
resulting stresses obtained by analytical method and finite element method on example of
cardan cross, which is shown in figure 6.

Figure 6. Values of stresses as functions ofoperation angle α and rotation angle 𝜑
(A‐analytical method, N‐numerical method)
It is clearly visible difference in values obtained by analytical and numerical methods. Based
on that histogram with presentation of relative resulting stress variation expressed in
percentages was made, all of that with help of equation (8) [4]:
𝛥𝜎

∗|

|
∗

∙ 100 %

(8)

Where Δ𝜎 is relative variation of corresponding value, 𝜎 is value of stress obtained by
numerical method and 𝜎 ∗ is value of stress obtained by analytical method. Relative
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stress variation for values is shown in figure 7. In order to make results clearer every
value of operation angle was divided by corresponding value that was obtained for
0°.
rotation angle 𝜑

Figure 7. Relative stresses variation
67%, which indicates that value read from
Middle value of relative variation is Δ𝜎
histogram in figure 7 is needed to multiply by 67 and in that way to get approximate value
for relative stress variation expressed in percentages. In figure 6 it is possible to notice that
with increase of operation angle increases resulting stress as well, which is followed along
with increase of resulting stress variation range. If resulting stress variation range as a
function of rotation angle 𝜑 is big, it does not work well for parts of cardan mechanism.
That is one of main reasons why manufactures are recommending small values of operation
angles. In scope of this paper the biggest variation range of resulting stress is at operation
angle of 𝛼 30°.
3.

CONCLUSİON

Structural analysis of cardan cross was performed using two different methods. One of
methods used was analytical calculation with help of corresponding equations, while other
is standard finite element method. Finite element method was performed using newer
software for an increase of conformity of obtained results. Based on obtained results the
following significant conclusions can be distinguished. Diagram of resulting stresses,
obtained by analytical and numerical methods, have same trendline behavior of stresses as
functions of rotation angle of input shaft. Shape transition zone between branches and
central section is not included in analytical calculation because of complexity of real model
geometry. However difference between values, obtained by analytical and numerical
methods, is huge for today standards and without computer aided analysis it's unimaginable
to perform this kind of experiment. The reason behind that is need to determine exact
location of maximal stress and based on that to perform future optimization if it’s possible.
Relative stress variation between finite element method and analytical method was about
67%, the assumption is that these values of variations are big because of particular geometry
of cardan cross in this paper. Optimal range of operation angle, based on this paper, is 𝛼
0° 20°, because of small resulting stress variation as a function of rotation angle 𝜑 .The
theory that resulting stresses have maximal values in shape transition zone between
branches and central section has been proven [8,9]. Although experiment was performed
340

using newer software, for the evaluation of the obtained results, it is recommended to try
different relevant software. The further research would be based on structural analysis of
remaining parts of cardan shaft and later their optimization.
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Abstract. This paper presents the results of testing the heating of plain bearings from bronze,
aluminium and polymers whose plane bearing linings are produced by the same processing
technology. Tribological tests of these plain bearings were carried out under the same
working conditions, with lubrication and the temperature rise of each bearing was measured
by a thermometer in a time interval of 15 minutes. For the lubrication, for all bearings was
used Hidrol‐46 oil. A three‐phase electric motor with a speed of 1500 rpm, was used to start
up the plain bearing shaft. The plain bearings worked in conditions without load. By heating
the plain bearings during work, the wear debris from each of these materials was clearly
visible. By analyzing the results of all the tested materials of the plain bearings, it is
noticeable that the temperature increases with operating time. The obtained results indicate
that the polymer is the least heated, followed by a bronze and an aluminum bearing.
Key words: plain bearing, temperature, bronze, aluminium, polymer.

1.

INTRODUCTION

The plain bearing is the simplest type of bearing that apply where the rolling bearings are
not possible to use. It is known that bearings are mechanical elements whose basic function
consists in providing conditions for the relative movement of rotational parts, as well as for
transferring loads from moving parts to those who are stationary or vice versa. The use of
plain bearings is at places where the level of vibration and noise is undesirable, as well as at
extremely high rotational speeds. The plain bearing consists of two relatively moving
surfaces that are in contact, or are at a close proximity. Load transfer is accomplished by
sliding, more precisely, when the moving surface ‐ the journal slides over the immobil surface
of the bearing ‐ the plain bearing lining. Some of the advantages of plain bearings are lasting
a long time, hit absorption and impact loads by the presence of a layer of lubricant between
the journal and the bearing lining, simple constructions, etc. However, in addition to a series
of good qualities, certain improvement of the plain bearings in terms of application of new
materials, new lubricating systems as well as oils for the purpose of increasing the
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application area [1,2]. Materials that are mainly used for making bearing lining are steel,
bronze alloys, including aluminum nickel, phosphorus, silicon, and similar. These are
materials that can meet the various requirements imposed by the industry in terms of
lubrication and elasticity of the elements [3].
The most commonly used bearing lining material is bronze, which is characterized by very
good characteristics. Therefore, the bronze bearings are very solid, as opposed to aluminum,
which are softer and therefore more easily deformed. For this reason, they last longer and
are more resistant to wear. The bronze according to its characteristics corresponds to the
largest number of the bearing linings and is most often made from one piece of bronze, while
in practice it also occurs in the form of a coating of several millimeters thick on the inner
surface of the steel bearing lining [4]. Among the most important properties of the material
is behavior at higher temperature, as well as the temperature conduction velocity. In
general, the complex function of the bearings imposed the need for the application of special
technologies, new materials, as well as new construction solutions for their production. In
addition to the aforementioned materials, aluminum and plastic can be used, but only in
cases where they can serve the needs of a particular mechanism. One of the new inventions
of the materials used for plain bearings is a polymer layer containing solid particles of
lubricant and metal oxide particles. The polymer layer consists of a polyamide resin, a
molybdenum disulfate and a graphite. To further strengthen this layer, particles of solid
material such as ceramic particles [5], are added. Some bearings are made by metal casting
technology in the opening of the steel ring of the bearing lining. For the working layer, Cu,
Cr and Zr or non‐metals such as polytetrafluoroethylene are used, while the outer ring is
made of steel or metal alloys. The combination of metal and non‐metal elements in contact,
a props journal and bearing lining, improves the characteristics and at the same time affects
the reduction in the price of the plain bearing [4]. Application of polymer plain bearings is
possible in conditions of high moisture, dust, dustiness, low velocity, no lubrication or when
it’s difficult to lubricate, due to the need for a cheaper and more efficient solution. In recent
years, growth in the use of aluminum for the production of bearing lining has been observed,
primarily due to its low price. Also, the use of aluminum is avoided by the use of lead, which
represents the ecological concern of the manufacturer. The most common application of an
aluminum bearing lining is in the automotive, marine, air and electrical industries, as well as
in the main internal combustion chambers, due to their low weight and corrosion resistance.
Aluminum alloys provide a good combination of strength and corrosion resistance compared
to low cost [6].
Cuiet al. have tested the wearing intensity of plain bearings from various materials exposed
to sea water. Bronze and aluminum were used as materials of the bearing lining of the plain
bearing. It has been found that the aluminum bearing lining has a much higher wearing
intensity than a bronze bearing lining, so the bronze is in most cases more convenient.
However, aluminum has its pedancy in terms of optimizing the mass, increasing corrosion
resistance, or in case of minor overloads [7].
Ünlüet al. conducted the experiment by testing the wear of the plain bearing lining for non‐
puncture polymeric materials, as well as polymeric materials with graphite and composite
fillers. Reinforced ductile polymers have very good characteristics and high resistance to
wear. They are often used in machines and mechanisms due to the low friction coefficient
in the limiting conditions of the lubrication. Some of the polymeric materials in their
composition contain material fillers that have the role of reducing friction in the contact of
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the bearing lining and the journal, it can be graphite or composite materials. The
investigation concluded that the biggest wear was due to polymeric material without filler
[8]. Based on the literature review, it is concluded that the choice of bearing materials
depends on the type of bearing, the type of lubrication and the conditions of the
environment. In general, the bearing lining must be sufficiently solid and rigid to allow the
load to be transmitted, and on the other hand, it is sufficiently soft to make a high‐quality
sliding pair with the journal. The aim of this paper is to examine plain bearings from various
materials under the influence of temperature over time. The materials used in this study for
the production of bearing linings are bronze, aluminum and polymer. It is important to note
that all three plain bearings were made with the same processing technology and made in
the same dimensions, so that the influence of temperature at a certain time interval could
be analyzed.
2.

EXPERIMENT

It is known that the main part of the plain bearing is the plain bearing lining that can be in
the form of a one‐piece, with or without a crochet. Based on the above, this paper examines
the plain bearing linings of various materials by monitoring the temperature of the heating
in a time interval of 15 minutes. The materials used for plain bearing lining (Figure 1) in this
study are bronze (CuZn14), aluminum (AlCuMgPb) and polyoxymethylene copolymer (POM‐
C) and the journal from steel (C45).

Figure 1. Plain bearing lining from a) bronze, b) polymer and c) aluminium
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Experiment for testing the behavior of the plain bearing lining material on the temperature
consists of an electric motor of 1 kW with a speed of 1500 rpm. On the shaft of the electric
motor there is thejournal that rotates inside the plain bearing lining. The outer diameter of
the journal is 30 mm, while the length of the journal is also 30 mm. Prior to the experiment
itself, it was preceded by checking the equipment, as well as placing a measuring device on
the test table.In this case, due to the very good surface condition, also due to the channel
for the wedges on it, a working table of 600 mm length was used. The electric motor is placed
on the test table and then attached to the fixture, as shown in Figure 3. Due to the easy and
quiet operating conditions, without load, hard hits and vibrations, as well as the calm
operation of the electric motor, it was sufficient to fasten it with only one fixture. A plate of
textolite is placed between the fixture and the aluminum body of the electric motor so that
the fixture pressure is evenly distributed on the entire surface of the plate. This clamping
method avoids direct contact between the fixture and the housing of the electric motor, and
in this way there is no deformation of the aluminum ribs on the electric motor. The electric
motor is placed in the center of the test table so that the temperature and time measuring
instruments are positioned one next to each other, enabling a comparative reading of the
values. For the front surface of the electric motor, there is a companion flange in which the
plain bearing is located. The material used to make the flange is steel (C45). After the
preparation was cut out on band‐saw, the flange production was further continued with a
scraping technique, on a universal lathe, type Potisje Morando PA‐22. The processing of all
internal diameters was performed in only one clamp due to the retaining of the axis of
symmetry of the pieces. After processing on lathe, four holes were made for bonding with
the front surface of the electric motor by screw with an imbus head (Figure 2).

Figure 2. Installation elements

Figure 3. The method of clamping an
electric motor
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The clamping flange on it has two holes, where one connects the probe of the thermometer
with plain bearing lining, and through the second hole the lubrication is carried out. The
flange is designed so that the plain bearing lining can be changed without damage.
In this experimental study, hydraulic oil ‐ Hydrol 46 was used. This oil belongs to a group of
mineral hydraulic oils that have good oxidation stability, antifouling and anti‐corrosion
properties. Also, it do not foam and have good de‐emulsion properties with quick extraction
of air. They are intended for hydraulic systems of small and medium forces, loads, pressures
and temperatures. The plain bearing operates under the limit lubrication conditions at the
time of switching on and off, until the engine receives the maximum revolutions per minute,
then switches to the hydrodynamic lubrication conditions. During the examination it was
considered that the clearance between the journal and the plain bearing lining was the same
during all tests and it was 0.02 mm. The experiment was carried out under room
temperature conditions, with a speed of 1500 rpm, in a time interval of 15 min. During the
testing of each sample, a temperature change was measured every 60 seconds, indicating
heating of the material after a certain working time. A digital stopwatch was used to measure
the time. To measure the temperature, a thermometer type TA‐288 with a measuring range
ranging from ‐50 to 300 degrees, was used. It is equipped with a probe for measuring the
temperature of 110 mm in length. In order for the thermometer probe to be absolutely in
touch only at one point of the plain bearing lining, the flange is fitted with a polymer guide
with an asbestos insert.
3.

RESULTS AND DISCUSSION

The obtained results from the temperature change of the plain bearing lining made of the
bronze, polymer and aluminum in time function are shown in the diagram in Figure 4.

Figure 4. Graphical representation of the change in the temperature of the plain bearing in
relation to time
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It was found that the aluminum plain bearing lining is heating up the fastest, after the
aluminum comes bronze, and last comes the polymer that is much less heated. By comparing
the results obtained in this paper and the results published by Cui et al. [7], there is a
similarity in the character of the wear of the aluminum plain bearing lining. In both papers,
it has been proven that aluminum has the worst tribological characteristics, indicating that
aluminum has a lower abrasion resistance than bronze. During the experiment bronze had
a similar increase in temperature as aluminum, but the wear was more pronounced in
aluminum. The placement of the polymeric plain bearing lining, with regard to the least
warming, is subject to far less wear, as was shown by Sadik et al. [8].
In paper Ünlü et al. demonstrates that polymeric materials without fillers behave very
similarly to the character of wear and that wear is very low. They concluded that the use of
other material in the composition of plain bearing lining reduces the losses in tribological
processes and increases the lifetime of the elements in the process [8].
When the materials were tested without filler, the results of the wear of the inner surface
of the polymer plain bearing lining had the same look as the plain bearings from this
experiment. A similar study was carried out in the field of medicine where the spherical plain
bearing was used as an element of an artificial hip. This plain bearing having a sphere of
polymeric material rotating around the surgical steel journal has significantly influenced the
development of medicine [9]. As this work has experimentally demonstrated the good
tribological properties of polymer in terms of wear, it can find its application in any wrist of
the human body, the most important is that it does not require lubrication and has good
resistance to wear. Sagbas et al. carried out a temperature impact test in this spherical
articulated plain bearing. For easier comparison, the results were displayed with load and
no load. The nave in which the spherical journal is rotated is made of polymeric material,
while the journal is made of steel. This is, in particular, a case of friction of metal contact by
polymer, which is similar to the case of the tested plain bearing in this scientific work.
The results for the spherical bearing are obtained without loading correspond to the
temperatures achieved for the investigated radial bearings with a polymeric plain bearing
lining in this paper. The contact between metal and polymer proved to be very reliable for
bearings where it is impossible to carry out lubrication. This applies mostly to mechanisms
and devices in the food industry. The temperature rise of the spherical bearing corresponds
to 3 degrees Celsius within 450 seconds of constant operation [9].
In this paper, in addition to temperature measurement, the filtration of oil passing through
the plain bearing occures wearing debris. In the abovementioned papers, it was said that the
biggest wear is in the aluminum plain bearing lining, and this was proved in the experiment
in this paper, where most microfibers were in the oil that lubricated the aluminum plain
bearing lining, the bronze bearing lining had a wearing product in the form of bronze
contours, while the polymer did not have clearly visible wearing debris.

4.

CONCLUSION

Conducting this experiment, results have been achieved which are undoubtedly characterize
the thermal behavior of bronze, polymeric material and aluminum in the role of a plain
bearing lining. Also, the velocity of the temperature conduction through the plain bearing
lining is observed as a result of friction of the surfaces in the plain bearing. On the basis of
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the obtained results it is noted that in the mode of operation without load, at the speed of
1500 rpm, the least heating has a polymeric material. Theoretical assumptions have been
proven true in practice, because polymeric materials have a self‐degrading property, a very
good subjugation and absorb surface working temperatures caused by friction. The bronze,
which is most commonly used as a material of a plain bearing, has shown slightly poorer
characteristics in the form of increased heat, but the results of the heating do not relate to
critical values but to those that are normal in the sliding blades with a bronze plain bearing
lining. Bronze is not intended for plain bearings with high speeds, but for smaller numbers
or mechanisms with short periods of periodic operation, otherwise there must be a source
of lubrication under pressure. Aluminum, as a material that is characterized by good
conductivity of the temperature, has the worst characteristics and is used exclusively in
special cases, for example, when high corrosion resistance is required and when the speed
of the electric motor is small, as with smaller loads. Due to its weight, aluminum has the
advantage of some devices where it is essential to maximally optimize the design, but
depending on the working conditions. In addition to temperature measurement, the
filtration of oil passing through the plain bearing indicates wearing debris. The result of wear
debris can be analyzed in the future research using a microscope, in order to precisely define
the behavior of materials at different temperatures. This paper included testing and
comparison of the temperature of the plain bearings of different materials. The experiment
is from a structural point of view, as well as tribological very complex and opens up new
fields that could be examined in this experiment, one of the things that is interesting for
testing are definitely wear products for the same working conditions. The wearing debris are
very important parameters because they can be determined and even predicted in what
period of wear and tear will occur, testing of wear debris would have a bigger significance in
the process of maintaining plain bearings in different fields of industry.
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Abstract. Thermal treatment is a procedure for the operation of temperature on the
material in order to change the microstructure of the material and therefore its properties.
The aim of this paper is to monitor the behaviour of three types of steel by applying the
method of heat treatment of hardening at different hardening temperatures and different
hardening agents. Tested materials are steel: C45, 42CrMo4 and 51CrV4 with the
temperatures of hardening: 860°C, 850°C, 840°C, 830°C and 820°C. Obtained results have
shown that steel 42CrMo4 and 51CrV4 have better mechanical characteristics when they
were hardened in oil agent.
Key words: thermal treatment, steel, hardness, temperature.
1. INTORDUCTION
Thermal treatment as a branch of metallurgy represents the process of temperature
operation on the material in order to change the microstructure of the material and
therefore its properties or thermal treatment is a technological process consisting of heating
metal to a certain temperature, holding it at that temperature and cooling to room
temperature [1]. The aim of the thermal treatment of metals and alloys is to change some
of their mechanical and physical‐chemical properties, primarily phase and structural changes
in solid state, and the changes are mainly in function of the temperature, time and
environment in which processing is performed. Types of thermal treatment of steel are:




Annealing,
Hardering,
Releaseing.

Hardening of steel is a thermal treatment that is carried out by heating the workpiece above
the temperature Ac3, for sub‐eutectoids and Ac1.3 for nad‐eutectoid steel, heating at that
temperature and cooling at a rate higher than critical [1]. By hardening the steel, the
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diffusion change of the austenite to below the Ms temperature is prevented in order to
further transform the austenite into the martensite further by the sliding mechanism. As a
result of hardening, a deformed iron‐martensite grid is obtained which exhibits high
hardness and high resistance properties [2]. There are a lot of scientific papers that have
dealt with similar topics in recent times. Frunza et al. have concluded for the purpose of their
research that hardness of C45 steel is about 250 HB and that is similar to the hardness of the
steel obtained in other papers. Also Melat et al. for the needs of studies which deal with
influence of the hardening and annealing thermal treatments applied on two types of steels
used for rolling stock got the value of hardness about 53 HRC.
The aim of this paper is to monitor the behavior of three types of steel by applying the
method of heat treatment of hardening at different hardening temperatures and different
hardening agents.
2. EXPERIMENT
The experiment needed for this work was done in the economic entity S.Z.R. TRGOPRODUKT,
Kragujevac. The business entity has a special purpose plant for heat treatment with two
chamber furnaces for thermal treatment of steel in an unprotected atmosphere of a
temperature range from 0°C to 1200°C. As an integral part of the equipment, there is
Rockwell hardness tester. Rockwell Hardness Measurement is a procedure for determining
the hardness of the material, where a special impeller is imprinted on the surface of the test
material without measuring the surface of the print (as in the case of the Brinell and Vickers
hardness test, but its depth). The imager is a diamond needle with an inner angle of 120°
(with a curvature half at a top of 0.2 mm), or a guttered steel ball of 1.5875 mm (1/16 inch)
or 3.175 mm (1/8 inch) diameter [3]. The hardness measuring tester is a HR‐hardness
measuring instrument, scale C, manufactured by LIENERT‐Zuirch with a force on the impeller
of 1471.0 N with conical type of impeller with diamond needle on top. The smallest segment
is 1 HR. Etalonated 03/18/2015, the name of the standard: Measurement standard for
hardness according to HRC hardness 23.6 HRC, 44.2 HRC and 61.5 HRC. The device is
standardized according to SRPS ISO 716 standard. The experimental part of the research is
based on the monitoring of the hardness of the steel depending on the drop in tempering
temperature in two cooling agents (water and oil) and the comparison of the hardness
depending on the type of cooling agent.
2.1. Materials
The materials used in the experiment are C45 (High quality non‐alloy carbon steel for
improved carbon content), C45 steel is defined as a medium carbon steel offering tensile
strengths in the modest range. The material can be maneuverer with hardening by means of
quenching and tempering on focused and restricted areas. C45 can also be instigated with
induction hardening up to the hardness level of HRC 55 [4], 42CrMo4 (Cr‐Mo steel for
improvement) this grade is the special high steel grade which can be quenched and
tempered. It offers a robust amalgamation of strength and toughness in the state of being
quenched and tempered. Different European standards cover the specification of this steel
in different forms and processing conditions. The steel can be subjected to induce hardening.
This steel grade is usually available in a mix of microstructure i.e. martensite and austenite.
The special grade of this steel is subjected to M‐treatment to offer good machinability
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properties [4] and 51CrV4 (Cr‐Mn‐V steel for improvement), alloyed heat treatable steel with
a typical tensile strength of 900 ‐ 1200 N/mm². For automotive and mechanical engineering
components as gear parts, pinions, shafts [5]. Chemical composition of steels used for the
experiment can be seen in Tables 1, 2 and 3.
Table 1. Chemical composition of C45 steel
Steel
grade,
%

C

Si

Mn

S

P

Cr

Mo

Ni

Al

Cu

C45

0.45

0.25

0.65

0.025

0.008

0.4

0.1

0.4

0.01

0.17

Table 2. Chemical composition of 42CrMo4
Steel
grade, %

C

Si

Mn

S

P

Cr

Mo

42CrMo4

0.38‐0.45

0.40

0.60‐0.90

0.035

0.025

0.90‐1.20

0.15‐0.30

Table 3. Chemical composition of 51CrV4
Steel
grade,
%

C

Si

Mn

P

Cr

S

Mo

V

Ni

Ti

Sn

Ca

N

51CrV4

0.52

0.33

0.93

0.01

0.005

0.93

0.04

0.16

0.14

0.15

0.012

0.0004

0.013

2.2. Discussion and analysis of the results
Based on carried out experiment in table 4 are given obtained values of hardness for steel
C45 depending on temperature and hardening agent, and for better display and comparison
of the obtained values for the hardness of the steel in Figure 1 are presented results. The
temperatures on which the steel is heated are 860°C, 850°C, 840°C, 830°C and 820°C.
Table 4. Hardness and temperature of hardening for steel C45
C45
860°C
850°C
840°C
830°C
820°C

Оil
29 HRC
26 HRC
16 HRC
25 HRC
23 HRC
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Water
61 HRC
60 HRC
58 HRC
57 HRC
55 HRC

Figure 1. Graphic of dependence of hardness on temperature hardening and agent for
steel C45
Based on the graphics, Figure 2 can be seen that the hardness of the tube drops with a
decrease in the tempering temperature. Just as it is expected that the hardness produced by
hardening in water is considerably greater than the hardness of the hardening in oil. In the
steel‐graphic article C45 oil hardening, a drop in hardness from 26 HRC at 16 HRC at a
temperature of 840oC and then a resumption of 25 HRC is seen, this irregularity does not
indicate any special characteristic of the material, but on an error in tempering, namely the
great influence on the hardening technology itself is also the skill of worker. The experiment
results of hardness, for steel C45 are similar to the results.
Examination of steel 42CrMo4 gave interesting conclusions. Namely steel 42CrMo4 as well
as 51CrV4 are not intended for hardening in water, due to the danger of cracks, however,
for testing purposes, the tubes of both steels are tempered both in water and in oil, what is
interesting is that the hardness differences seen on figure 2 and table 5 for hardening in oil
and for hardening in water are not large and do not exceed 5 to 10 HRC.
Table 5. Hardness and temperature of hardening for steel 42CrMo4
42CrMo4
860°C
850°C
840°C
830°C
820°C

Oil
56 HRC
54 HRC
52 HRC
52 HRC
51 HRC
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Water
64 HRC
63 HRC
67 HRC
61 HRC
60 HRC

Figure 2. Graphic of dependence of hardness on temperature hardening and agent for
steel 42CrMo4
Due to the hardness in water and oil in the oil for 42CrMo4 similar, there is no need to risk
and quench that steel in water. Another interesting thing about the hardening of this steel
in water is that it is common for hardening in water to break up pieces or the appearance of
smaller fissures, which in this case did not happen, which owes gratitude to the extremely
small dimensions of the preparation, i.e., the tube was not there many residual voltages
remaining after this type of thermal treatment. Although in recommendations for steel
42CrMo4 that it is sensitive to quenching in water and that it is necessary to apply hardening
in oil to complicated pieces, while for steel 51CrV4 it is said that it must not explicitly be
hardened in water, claims confirmed by these experiments. The results of hardeners fore
42CrMo4 steel are similar to the results shown by the Melat et al. [7] where hardness is 53
HRC and also are similar with paper of Cvetovski el al. [8] where the hardness of 56 HRC was
obtained.
As mentioned above, the characteristics of steel 42CrMo4 are similar to the characteristics
of steel 51CrV4, both of which are not intended for hardening in water, but also the steel
51CrV4 is tempered in both hardening agents. As was also noted for the previous steel, and
in this steel, the differences between oil and water inlays are small, which can be seen both
in the table 6 and on the Figure 3.
Table 6. Hardness and temperature of hardening for steel 51CrV4
51CrV4
860°C
850°C
840°C
830°C
820°C

Oil
59 HRC
58 HRC
57 HRC
55 HRC
54 HRC
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Water
64 HRC
63 HRC
61 HRC
60 HRC
60 HRC

Figure 3. Graphic of dependence of hardness on temperature hardening and agent for
steel 51CrV4
On the Figure 3 can be seen the drop in hardness for steel 51CrV4 in two agent, water and
oil. In the paper of Solic at al [9], there are claims that after hardening of 51CrV4 steel she
obtained hardness of about 58 HRC during hardening in oil, and in the research carried out
for this paper it can be seen that the hardness obtained is similar to the hardness in the work
of Solic at al. [9].
Another interesting comparison is made in the hardness of all three steels, but especially for
hardening in water, and especially for hardening in oil, which can be seen in Figures 4 and 5.

Figure 4. Comparison of hardness for all three oil hardening
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From the attached table it can be seen that the steels of 42CrMo4 and 51CrV4, otherwise,
the steels of higher hardness in oil hardening achieved a much higher hardness than softer
steel C45 whose hardness ranged from 23 HRC to 29 HRC. Also the similarities of these two
alloy steels are also seen.

Figure 5. Comparison of hardness for all three water hardening
It is interesting that in many of these tests the dependence of the hardness of the steel on
the temperature does not play such a role as a cooling agent, because the hardness is often
obtained in an interval of difference from 0 to 6 HRC. But it any case, the hardness still falls.
3. CONCLUSION
The experimental part of the study was based on the monitoring of the hardness of the steel
depending on the hardening temperature and the hardening agents. For the experiment
purposes, the steels that was used are C45, 42CrMo4 and 51CrV4 and the temperatures of
hardening are 860°C, 850°C, 840°C, 830°C and 820°C. Analyzing the accompanying charts,
research results, there are several conclusions. The steels listed in the literature as steel that
is hardening in oil agent, 42CrMo4 and 51CrV4 definitely have better characteristics when
they are hardened in this hardening agent, namely, although the hardening of these steels
in the water may result in slightly higher hardness than in the case of hardening in oil, these
elements that are hardened in water show themselves as a lot of brittle. Another conclusion
that can be made is that the entire research coincides with the other research and testing of
steel of this type.
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