Journal of Machine
Construction
and Maintenance

no 3/2019



RESEARCH NETWORK FIFQRSS[JI-SIT-_IA-IHA-IB-LEE
LUKASIEWICZ I ETECHNOLOGIES
Journal of Machine Construction and Maintenance

Scientific quarterly of the LUKASIEWICZ Research Network — Institute for Sustainable Technologies

Information about articles printed in the Journal can be fund in the following three renowned databases:
* BazTech

+ EBSCO
*  Index Copernicus
« TEMA

Articles are reviewed by more than 100 reviewers constantly cooperating with the Journal under the auspices of
the Committee on Machine Building of the Polish Academy of Sciences. Reviewers are listed on the website of the
Journal: www.jmem.itee.radom.pl

EDITORIAL BOARD

Editor-in-chief — Prof. Adam MAZURKIEWICZ, T: (0048) 364 39 03, adam.mazurkiewicz@itee.radom.pl
Deputy Editor — Dr. Andrzej MAJCHER, T: (0048) 364 92 72, andrzej.majcher@itee.radom.pl

Secretary — Dr. Beata BELINA, T: (0048) 364 92 98, beata.belina@itee.radom.pl

Issue coordinator —- MA Anna RUSINOWSKA, T: (0048) 364 93 40, anna.rusinowska@itee.radom.pl

Dr. Demoéfilo Maldoado CORTES ~ — Universidad de Monterrey (Mexico)

Prof. Gualtiero FANTONI — University of Pisa (Italy)

Dr. Sergey FILLIPOV — Fintech Policy (Belgium)

Prof. Bolestaw KARWAT — AGH University of Science and Technology (Poland)

Prof. Emmanuel KOUKIOS — National Technical University of Athens (Greece)

Prof. Jose M. Gutierrez LOPEZ — Aalborg University (Denmark)

Dr. Sangeeta KARMOKAR — Auckland University of Technology (New Zealand)

Prof. Jens Myrup PEDERSEN — Aalborg University (Denmark)

THEMATIC EDITORS:

Prof. Tomasz GIESKO — mechatronic systems and optomechatronic measurement methods;
Dr. Joanna LABEDZKA — knowledge transformation systems and IT;

Dr. Andrzej MAJCHER — control systems, metrology;

Dr. Anna KOWALIK-KLIMCZAK - biotechnologies, ecology, operational fluids management;

Prof. Beata POTERALSKA — innovations, technology transfer, foresight;

Prof. Jerzy SMOLIK — surface engineering, hybrid technologies, materials test methods;
Prof. Andrzej ZBROWSKI — design and construction of machines, operational and standarization tests
Address:

ul. K. Putaskiego 6/10, 26-600 Radom
T: (0048) 364 92 98
e-mail: jmecm@itee.radom.pl

Journal co-funded by the Ministry of Science and Higher Education
ISSN 1232-9312

© Copyright by LUKASIEWICZ Research Network — Institute for Sustainable Technologies, Radom 2019

Editing: Iwona Nitek, Joanna Iwanowska
Edition: 250 copies

2731. publication of the LUKASIEWICZ Research Network — Institute for Sustainable Technologies

LUKASIEWICZ — ITeE Press
K. Putaskiego 6/10, 26-600 Radom, T: (0048) 48 364-42-41
e-mail: instytut@itee.radom.pl http://www.itee.radom.pl



Journal of Machine
Construction
and Maintenance

QUARTERLY
ISSN 1232-9312

12019 (114)

Published under the auspices of the Committee on Machine Building of the Polish Academy of Sciences

POLSKA AKADEMIA NAUK

KOMITET BUDOWY MASZYN

SCIENTIFIC BOARD

Prof. Janusz KOWAL

AGH University of Science and Technology (Poland) — Chairman
Prof. Jerzy BAJKOWSKI

Warsaw University of Technology (Poland)

Dr. Bretislav BERANEK

European Vision Technologies, Ltd., Brno (Czech Republic)
Prof. Patrice BRAUN

Collaborative Research Network, Ballarat (Australia)

Prof. Ramon Gonzalez CARVAJAL

Universidad de Sevilla (Spain)

Associate Professor Josef CERNOHORSKY

Technical University of Liberec (Czech Republic)

Dr. Alexander CHULOK

Institute for Statistical Studies and Economics of
Knowledge, Moscow (Russia)

Prof. Pengyang DENG

Changchun Institute of Applied Chemistry Chinese
Academy of Sciences (China)

Dr. Antonio José DIECK-ASSAD

President of the Universidad de Monterrey (Mexico)
Associate Professor Gualtiero FANTONI

University of Pisa (Italy)

Prof. Jozef GAWLIK

Cracow University of Technology (Poland)

Prof. Aharon GEDANKEN

Bar-llan University, Ramat Gan (Israel)

Dr. Susanne GIESECKE

Austrian Institute of Technology, Vienna (Austria)
Prof. Thomas GRAULE

EMPA Materials Science and Technology, Diibendorf (Switzerland)
Prof. Wojciech GUTOWSKI

Commonwealth Scientific and Industrial Research Organisation
(CSIRO) of Melbourne (Australia)

Dr. Attila HAVAS

Institute of Economics, Hungarian Academy of Sciences,
Budapest (Hungary)

Dr. Sangeeta KARMOKAR

Auckland University of Technology (New Zealand)

Prof. Bolestaw KARWAT

AGH University of Science and Technology, Krakow (Poland)

Prof. Jan KICINSKI

The Szewalski Institute Of Fluid-flow Machinery

Polish Academy of Sciences, Gdansk (Poland);

PAN corresponding member

Prof. Emmanuel KOUKIOS

National Technical University of Athens (Greece)

Prof. Piotr KULA

Lodz University of Technology (Poland)

Prof. Xiubing LIANG

National Innovation Institute of Defense Technology, Beijing (China)
Prof. Tadeusz tAGODA

Opole University of Technology (Poland)

Prof. Krzysztof MARCHELEK

West Pomeranian University of Technology, Szczecin (Poland)
Dr. Tarja MERISTO

Laurea University of Applied Sciences, Vantaa (Finland)

Prof. Viviana Molina OSORIO

Universidad Auténoma de Manizales (Colombia)

Prof. Jens Myrup PEDERSEN

Aalborg University (Denmark)

Eng. Thomas ROESLER

Director Manufacturing Asia Pacific, Shanghai (China)

Prof. Krzysztof SANTAREK

Warsaw University of Technology (Poland)

Prof. Janusz SEMPRUCH

UTP University of Science and Technology, Bydgoszcz (Poland)
Prof. Jerzy SMOLIK

LUKASIEWICZ Research Network — Institute for Sustainable
Technologies, Radom (Poland)

Prof. Jozef SZALA

UTP University of Science and Technology, Bydgoszcz (Poland)
Prof. Eugeniusz SWITONSKI

Silesian University of Technology, Gliwice (Poland)

Dr. Kim Hua TAN

Nottingham University Business School (United Kingdom, China, Malaysia)
Prof. Sabrina VANTADORI

Universita Degli Studi di Parma (ltaly)

Prof. Ho-Don YAN

Feng Chia University (Taiwan)

Prof. Claudia ZACCAI

Universita di Roma (ltaly)

Prof. Wiestaw ZWIERZYCKI

Poznan University of Technology (Poland)



