Monitoring and Analysis of Manufacturing
Processes in Automotive Production

Volume 6

ISBN 978-3-96595-018-4
e-ISSN (PDF) 2629-3161

Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliographie; detailed bibliographic data are available on the
Internet at http://dnb.dnb.de

© 2022 RAM-Verlag
RAM-Verlag
Stüttinghauser Ringstr. 44
D-58515 Lüdenscheid
Germany
RAM-Verlag@t-online.de
https://www.ram-verlag.eu

Editorial Board of the Book Series:
Monitoring and Analysis of Manufacturing Processes in Automotive
Production
e-ISSN: 2629-3161

Chairman of the Editorial Board:
Panda, Anton

Technical University of Košice,
Faculty of Manufacturing
Technology with seat in Prešov,
Slovak Pepublic

anton.panda@tuke.sk

Members of the Editorial Board:
Pandová, Iveta

Technical University of Košice,
Faculty of Manufacturing
Technology with seat in Prešov,
Slovak Pepublic

iveta.pandova@tuke.sk

Dyadyura, Kostiantyn

Sumy State University, Sumy,
Ukraine

dyadyura@pmtkm.sumdu.edu.ua

Zaborowski, Tadeusz

Institute for Scientific Research and
Expertises, Gorzów Wlkp., Poznaň,
Poland

tazab@sukurs2.pl

Buketov, Andrey

Kherson State Maritime Academy,
Kherson, Ukraine

buketov@tstu.edu.ua

Svetlík, Jozef

Technical University in Kosice,
Slovak Republic

jozef.svetlik@tuke.sk

Pilc, Jozef

Žilinská univerzita v Žiline,
Slovak Republic

jozef.pilc@fstroj.uniza.sk

Mrkvica, Ivan

Vysoká škola banícka, Strojnícka
fakulta, Ostrava, Czech Republic

ivan.mrkvica@vsb.cz

Jančík, Marek

Spinea s.r.o. Prešlv, Slovak Republic

marek.jancik@spinea.sk

Katuščák, Ján

ZVL Auto spol. s r.o., Prešov,
Slovak Republic

katuscak@zvlauto.sk

Hajdučková, Valentína

ZVL Auto spol. s r.o., Prešov,
Slovak Republic

hajduckova@zvlauto.sk

YURY NIKITIN
TIBOR KRENICKÝ
PAVOL BOŽEK

DIAGNOSTICS OF AUTOMATED
TECHNOLOGICAL DRIVES

2022

Yury NIKITIN1

, Tibor KRENICKÝ2*

, Pavol BOŽEK3

1

Kalashnikov Izhevsk State Technical University, Department of Mechatronic Systems,
Studencheskaya Ulitsa 7, 426069, Izhevsk, Russia
2
Technical University of Kosice, Faculty of Manufacturing Technologies with a seat in
Presov, Bayerova 1, 080 01, Presov, Slovakia
3
Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology in Trnava, Institute of Production Technologies, J. Bottu 25, 917 24, Trnava, Slovakia
*

Corresponding author’s email: tibor.krenicky@tuke.sk

AB S T RA C T

The monograph deals with the topic of the diagnostics of technological
drives. It focuses on the dependence of diagnostic parameters on technical
state of technological drives, which is of crucial significance for industrial
plants. The main aim is to contribute to knowledge within the topic of diagnostics of mechatronic systems by the analysis of the elements reliability
characteristics; using methods, models, and algorithms for diagnostics and by
studying examples of model diagnostic systems using AI methods based on
neural networks and fuzzy inference systems. The diagnostic models of automated technological systems drives have been also developed.
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Introduction
Most production instrumentation devices of the older generations are kept in
the operational condition by reactive maintenance, without detailed monitoring of operating parameters. Thus, due to the fact that production plants still
use a significant number of older functional equipment, it is necessary to
evaluate their reliability, and keep them in the ready state to perform production tasks.
Key equipment is regularly serviced as part of preventive maintenance, which
increases the reliability of the equipment, but at an increased cost of spare
parts and related activities. Predictive or rather proactive maintenance uses
predictive diagnostics based on monitoring to timely identify emerging fault
states and eliminate their causes. Maintenance costs vary significantly, e.g.
depending on the age of the plant and its equipment, but in any case, it is an
important factor in ensuring the reliability or quality of production, but also
the economy and safety of the plant. This monograph is based mainly on the
situation in the East European and North Asian region, which is, however,
analogous in several other regions.
Several industrial sectors are affected by the current crisis, so a more massive
renewal of machinery, which provides an extension of the planned lifetime is
often less probable. Many companies are postponing investment in new
equipment, so older ones need to be kept in shape even after their planned
life. On the other side, the machinery of all generations is often overwhelmed
in trying to meet demanding production plans or in the event of replacement
of production outages in the event of another equipment failure. A significant
proportion of faults occur without warning due to the lack of relevant information due to non-monitoring of the operation. As most failures begin with
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the neglecting of problems, the early solution of which is simple and can prevent the development of major damage such as loose screws, unbalanced and
misaligned machines, problems with lubrication and cleaning (filtration), etc.,
monitoring and diagnostic systems are therefore effective part of early warning systems, but also fault analysis systems. The automation of production
places high demands on the reliability of the technological systems. Technological systems include mechanical, electronic and electromechanical components. Recent techniques and tools for diagnosing these components are
steadily developing. In order to increase the efficiency of drive diagnostics, a
system approach for complex diagnostics using intelligent sensors and highperformance digital signal processors is required. This creates the prerequisites for the development of intelligent systems that evaluate the technical
condition and remaining service life.
Failure of components leads to significant economic losses and can be dangerous to life and health. Efficient and intelligent diagnostic systems with
advanced sensor systems are required for the early detection of faults.
The implementation of technical diagnostics tools makes it possible to
- to monitor the current technical condition of drives of automated technological equipment;
- determine terms and content of repair works, control quality of their performance;
- reduce operating costs;
- prolongation of overhaul period and service life;
- to get rid of sudden breakdowns and production stoppages.
Despite the need to introduce diagnostic systems, this issue has not taken the
place it deserves in practice.
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A "revolution" is currently taking place in machine diagnosis systems, driven
by the development of a wide range of intelligent sensors with information
transfer over wireless technology, high-performance computing systems and
artificial intelligence methods.
Promising mathematical apparatus for creation of systems of automatic diagnosing of machine units are methods of artificial intelligence. They possess
the following advantages: fast algorithms of training, possibility of work at
presence of hindrances, possibility of work with information from sources of
a various physical nature, possibility of the simultaneous decision of several
problems.
1. Increase of intensity of research of methods and means of systems of diagnostics is caused by a number of reasons.
2. Increase in the cost of complex automatic production systems leads to the
fact that their failure brings large financial losses. The expediency of repair
according to the state of the equipment, rather than according to the plan is
justified.
3. microminiaturization of microprocessor means, sensors, reduction of their
power consumption, development of wireless technologies of information
transfer allow to embed them into any objects of diagnostics, up to bearings.
4. The development of a mathematical apparatus based on artificial intelligence methods for recognizing equipment defects makes it possible to increase the accuracy of diagnosis.
5 The use of new programming methods allows to conduct diagnostics in real
time, passing in parallel the information about the state of the object to the
adaptive control system.
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6. Reducing the cost of microprocessor-based tools while increasing their
computing power and functionality allows the implementation of complex
diagnostic algorithms.
7. The application of the principle of modularity facilitates the design of diagnostics, which should be developed at the stage of designing the diagnostics object.
The monograph is intended for engineers on diagnostics and maintenance of
complex technical systems, for research staff, students of higher education
programs.
Regarding the production automation, it is particularly the reliability of technological systems that is of high importance. An automated device comprises
mechanical as well as electronic components. At present, there are various
methods and tools developed for an independent diagnostics of such places.
To increase this diagnostics efficiency, a systematic approach to complex
diagnostics of mechanical and electronic components via intelligent sensors
and powerful processors of digital signal is needed. This is a prerequisite for
the development of intelligent systems able to evaluate the technical state and
residual operational life.
Automated technological systems comprise electrical drives. A failure of
such drives can lead to significant economic losses and be dangerous to human life and health.
For an early detection of the drives´ defects, the efficient intelligent diagnostic systems equipped with an advanced sensor system are needed.
The introduction of technical diagnostic tools allows to:
- monitor the current technical state of an automated technological device
drives,
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- determine the timing and content of repairs and check the quality of their
execution,
- decrease the operational costs,
- prolong the period of general repair as well as the life,
- get rid of sudden failures, and hence the production interruptions.
Despite of this, it is necessary to introduce the diagnostic systems, the issue is
not paid enough attention in practice it deserves. The importance of the research in the field is proved by the fact that the issue is comprised in critical
technologies on a national level in the following:
- artificial intelligence (systems of decision making based on the access to
neural network, fuzzy logic, and fuzzy neural network),
- information and telecommunication systems (systems of information exchange among sensors, and diagnostic and control systems utilising wireless
technologies),
- elementary basis of microelectronics (advanced diagnostic methods and
equipment, monitoring of technological processes),
- recognition of patterns and analysis of images (mathematical methods for
recognition of drives technological state).
At present, there is a ˮrevolution“ in machine diagnostic systems, which is
the result of the development of a wide scope of intelligent sensors able to
transfer information via wireless technologies, powerful computer systems,
and artificial intelligence methods.
One of the suitable mathematical apparatus for the development of systems
for automated diagnostics of the machine nodes is represented by the artificial intelligence methods.
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They have the following advantages:
-

fast learning algorithms,

-

ability to operate in noise,

-

ability to operate with information from the sources of various physi-

cal characters,
-

ability to execute several solutions simultaneously.

The construction of physical and mathematical models of materials´ structural state in different operational conditions and based on collected diagnostic
information as well as on the development of diagnostic devices and technologies for the monitoring of materials and structures are an important research
task.
The importance of the task is proved also by the fact that the expert committees for automated diagnostic and testing systems have recommended to develop new structures and fields related to the diagnostics of technical systems
on the basis of diagnostic systems.
The intense research growth of methods and means of diagnostic systems is
caused by several reasons.
1. Increase of costs for complex automated production systems leads to the
fact that its failure can cause high financial losses. Regarding the state of the
device as well as the plan, the efficiency of repairs execution is not due.
2. Microminiaturisation of microprocessor means, sensors, decrease of its
power consumption, and the development of wireless technologies for information transfer has allowed their integration into any diagnostic objects, including the bearings.

6

Introduction

3. The development of a mathematical apparatus based on the artificial intelligence methods of the device breakdowns recognition can increase the diagnostics accuracy.
4 The use of new programming methods allows for diagnostics in real time,
and at the same time it transfers information about the object state into an
adaptive control system.
5. The decrease of costs for microprocessor tools and increase of their calculation capacity and functionality allows for complex diagnostics algorithm
implementation.
6. The implementation of the modularity principle eases the construction of
diagnostic tools, which should be developed in the stage of the diagnostic
object design.
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