Mechatrbnlc
Systems 2

Applications in Material Handling
Processes and Robotics

Edited by

Leonid Polishchuk
Orken Mamyrbayev
Konrad Gromaszek

39031LN0Y



Mechatronic Systems 2




Mechatronic Systems 2

Applications in Material Handling Processes
and Robotics

Edited by

Leonid Polishchuk

Vinnytsia National Technical University, Vinnytsia, Ukraine

Orken Mamyrbayev
Institute of Information and Computational Technologies CS MES RK,
Almaty, Kazakhstan

Konrad Gromaszek
Lublin University of Technology, Lublin, Poland

£ Routledge

2 Taylor & Francis Group

LONDON AND NEW YORK



Cover image: Andrzej Kotyra

First published 2021

by Routledge/Balkema

Schipholweg 107C, 2316 XC Leiden, The Netherlands
e-mail: enquiries@taylorandfrancis.com
www.routledge.com — www.taylorandfrancis.com

Routledge/Balkema is an imprint of the Taylor & Francis Group, an informa business

© 2021 selection and editorial matter, Leonid Polishchuk, Orken
Mamyrbayev, Konrad Gromaszek; individual chapters, the contributors

The right of Leonid Polishchuk, Orken Mamyrbayev, Konrad
Gromaszek to be identified as the authors of the editorial material,
and of the authors for their individual chapters, has been asserted
in accordance with sections 77 and 78 of the Copyright, Designs and
Patents Act 1988.

All rights reserved. No part of this book may be reprinted or
reproduced or utilized in any form or by any electronic, mechanical,
or other means, now known or hereafter invented, including
photocopying and recording, or in any information storage or retrieval
system, without permission in writing from the publishers.

Although all care is taken to ensure integrity and the quality of this

publication and the information herein, no responsibility is assumed

by the publishers nor the author for any damage to the property or

persons as a result of operation or use of this publication and/or the
information contained herein.

Library of Congress Cataloging-in-Publication Data
A catalog record has been requested for this book

ISBN: 978-1-032-10585-7 (Hbk)
ISBN: 978-1-032-12621-0 (Pbk)
ISBN: 978-1-003-22544-7 (eBook)

DOI: 10.1201/9781003225447

Typeset in Times New Roman
by codeMantra



Contents

List of editors
List of contributors

Development of perspective equipment for the
regeneration of industrial filters

I. Sevostyanov, 1. Zozulyak, Y. Ivanchuk, O. Polischuk, K. Koval,

W. Wojcik, A. Kalizhanova, and A. Kozbakova

Intelligent implants in dentistry: Realities and prospects
S. Zlepko, S. Tymchyk, O. Hrushko, 1. Vishtak, Z. Omiotek,
S. Amirgaliyeva, and A. Tuleshov

Modeling of the exhaustion and regeneration of the
resource regularities of objects with different natures
V. Mykhalevych, V. Kraievskyi, O. Mykhalevych, O. Hrushko,
A. Kotyra, P. Drozdziel, O. Mamyrbaev, and S. Orazalieva

Increase in durability and reliability of drill column
casing pipes by the surface strengthening

1. Aftanacziv, L. Shevchuk, L. Strutynska, I. Koval, I. Svidrak,
P. Komada, G. Yerkeldessova, and K. Nurseitova

Experimental research of forming machine with a
spatial character of motion

1. Nazarenko, O. Dedov, M. Ruchynskyi, A. Sviderskyi,

O. Diachenko, P. Komada, M. Junisbekov, and A. Oralbekova

Research of ANSYS Autodyn capabilities in evaluating
the landmine blast resistance of specialized armored
vehicles

S. Shiyk, A. Smolarz, S. Rakhmetullina, and A. Ormanbekova

X
Xi

27

39

51

6l



vi

Contents

Phenomenological aspects in modern mechanics of
deformable solids

V. Ogorodnikov, T. Arkhipova, M.O. Mokliuk, P. Komada,
A. Tuleshov, U. Zhunissova, and M. Kozhamberdiyeva

The determination of deformation velocity effect on
cold backward extrusion processes with expansion
in the movable die of axisymmetric hollow parts

1. Aliiev, V. Levchenko, L. Aliieva, V. Kaliuzhnyi, P. Kisata,
B. Yeraliyeva, and Y. Kulakova

Stress state of a workpiece under double bending by
pulse loading

V. Dragobetskii, V. Zagoryanskii, D. Moloshtan, S. Shlyk,
A. Shapoval, O. Naumova, A. Kotyra, M. Mussabekov,

G. Yusupova, and Y. Kulakova

Tensor models of accumulation of damage in material
billets during roll forging process in several stages

V. Matviichuk, 1. Bubnovska, V. Mykhalevych, M. Kovalchuk,
W. Wojcik, A. Tuleshov, S. Smailova, and B. Imanbek

Synergetic aspects of growth in machining of metal
materials

E. Posviatenko, N. Posvyatenko, O. Mozghovyi, R. Budyak,
A. Smolarz, A. Tuleshov, G. Yusupova, and

A. Shortanbayeva

Theoretical and experimental studies to determine
the contact pressures when drawing an axisymmetric
workpiece without a blank flange collet

R. Puzyr, R. Argat, A. Chernish, R. Vakylenko, V. Chukhlib,
Z. Omiotek, M. Mussabekov, G. Borankulova,

and B. Yeraliyeva

Modification of surfaces of steel details using
graphite electrode plasma

V. Savulyak, V. Shenfeld, M. Dmytriiev, T. Molodetska,
V. M. Tverdomed, P. Komada, A. Ormanbekova,

and Y. Turgynbekov

77

87

101

121

131

141



Contents

vii

20

21

Complex dynamic processes in elastic bodies and the
methods of their research

B. 1. Sokil, A. P. Senyk, M. B. Sokil, A. 1. Andrukhiv,

0. O. Koval, A. Kotyra, P. Drozdziel, M. Kalimoldayev,
and Y. Amirgaliyev

Analysis of the character of change of the
profilogram of micro profile of the processed surface
N. Veselovska, S. Shargorodsky, V. Rutkevych,

R. Iskovych-Lototsky, Z. Omiotek, O. Mamyrbaev,

and U. Zhunissova

Investigation of interaction of a tool with a part in the
process of deforming stretching with ultrasound

N. Weselowska, V. Turych, V. Rutkevych, G. Ogorodnichuk,
P. Kisata, B. Yeraliyeva, and G. Yusupova

Robotic complex for the production of products special
forms with filling inside made from dough

R. Grudetskyi, O. Zabolotnyi, P. Golubkov, V. Yehorov,

A. Kotyra, A. Kozbakova, and S. Amirgaliyeva

Theoretical preconditions of circuit design

development for the manipulator systems of

actuators of special-purpose mobile robots

S. Strutynskyi, W. Wojcik, A. Kalizhanova, and M. Kozhamberdiyeva

Analysis of random factors in the primary motion
drive of grinding machines

V. Tikhenko, O. Deribo, Z. Dusaniuk, O. Serdiuk, A. Kotyra,
S. Smailova, and Y. Amirgaliyev

Dynamic characteristics of “tool-workpiece” elastic
system in the low stiffness parts milling process

Y. Danylchenko, A. Petryshyn, S. Repinskyi, V. Bandura,
M. Kalimoldayev, K. Gromaszek, and B. Imanbek

Modeling of contact interaction of microroughnesses
of treated surfaces during finishing anti-friction
non-abrasive treatment FANT

L Shepelenko, Y. Nemyrovskyi, Y. Tsekhanov, E. Posviatenko,
Z. Omiotek, M. Kozhamberdiyeva, and A. Shortanbayeva

151

165

175

185

197

213

225

237



viii

Contents

22

23

24

25

26

27

Practices of modernization of metal-cutting machine
tool CNC systems

V. Sychuk, O. Zabolotnyi, P. Harchuk, D. Somov, A. Slabkyi,
Z. Omiotek, S. Rakhmetullina, and G. Yusupova

Improving the precision of the methods for vibration
acceleration measurement using micromechanical
capacitive accelerometers

V. F. Hraniak, V. V. Kukharchuk, Z. Omiotek, P. Drozdziel,
0. Mamyrbaev, and B. Imanbek

Modeling of the technological objects movement in
metal processing on machine tools

G. S. Tymchyk, V. I. Skytsiouk, T. R. Klotchko, P. Komada,
S. Smailova, and A. Kozbakova

Physical bases of aggression of abstract

objects existence

G. S. Tymchyk, V. I. Skytsiouk, T. R. Klotchko, W. Wojcik,
Y. Amirgaliyev, and M. Kalimoldayev

Development and investigation of changes in the

form of metal when obtaining the crankshaft’s

crankpin using free forging

V. Chukhlib, A. Okun, S. Gubskyi, Y. Klemeshov, R. Puzyr,

P. Komada, M. Mussabekov, D. Baitussupov, and G. Duskazaev

Approaches to automation of strength and
durability analysis of crane metal structures

S. Gubskyi, V. Chukhlib, A. Okun, Y. Basova, S. Paviov,
K. Gromaszek, A. Tuleshov, and A. Toigozhinova

247

257

267

279

291

303



List of editors

Konrad Gromaszek was born in Poland in 1978. He was professor of the Lublin Uni-
versity of Technology at the Faculty of Electrical Engineering and Computer Sciences.
After obtaining a doctorate in December 2006, he was employed at the Department
of Electronics and Information Technology. In 2019, he obtained DSc degree and now
works as a university professor.

In the years 2007-2008, he was the manager of the FP6 project, related to the devel-
opment of the Regional Innovation Strategy for the Lubelskie Voivodeship. He partic-
ipated in a total of about 15 courses and training in data management and processing.
He has received two awards from the Rector of the Lublin University of Technology
(second and third degree). Konrad Gromaszek is the author and coauthor of over 53
publications (including three monographs, two manuals, and scripts). He was the tutor
of 89 diploma theses. He tries to combine research and teaching with organizational
activities. He participated in the preparation of applications for seven research projects
and was the contractor in four. He is also active in non-university projects as an expert.
He belongs to the following organizations: IEEE, Polish Association of Measurements
for Automation and Robotics (POLSPAR), Polish Society of Theoretical and Applied
Electrical Engineering (PTETiS), Polish Information Technology Society (PTT), and
Lubelskie Towarzystwo Naukowe (LTN).

Orken Mamyrbayev was born in Kazakhstan, 1979. He was Deputy General Director
in science and head of the laboratory of computer engineering of intelligent systems
at the Institute of Information and Computational Technologies. In 2014, he obtained
his Ph.D. in Information Systems at the Kazakh National Technical University named
after K. I. Satbayev and was Associate Professor in 2019 at the Institute of Information
and Computational Technologies. He is a member of the dissertation council “Infor-
mation Systems” at L.N. Gumilyov Eurasian National University in the specialties
Computer Sciences and Information Systems. His main research field of activity is
related to machine learning, deep learning, and speech technologies. In total, he has
published more than five books, over 120 papers, and authored several patents and
copyright certificates for an intellectual property object in software. Currently, he
manages two scientific projects: the development of an end-to-end automatic speech
recognition system for agglutinative languages and information model and software
tools for the system of automatic search and analysis of multilingual illegal web con-
tent based on the ontological approach.



x List of editors

Leonid Polishchuk was born in Ukraine in 1954. He is the Head of the Department of
Industrial Engineering at Vinnitsia National Technical University, Ukraine. Leonid
is Doctor of Technical Sciences, professor, academician at the Ukraine Academy of
Hoisting-and-Transport Sciences, member of the editorial board of two scientific and
technical publications in Ukraine, and member of the specialized scientific council
for the defense of doctoral dissertations. In 1994, he defended his thesis “Dynamic
Load of the Mechanical System of the Belt Conveyor with the Built-in Drive” in the
concentration of “Dynamics, Strength of Machines, Devices and Equipment”. In 2017,
he defended the specialized council doctoral thesis “Dynamics of Drive System and
Boom Construction of Belt Conveyors on Mobile Machinery” in the concentration of
“Dynamics and Strengths of Machines.” The scientific focus is the dynamics of drive
systems with devices and control systems with variable operating modes and diagnos-
tics of metal structures of hoisting-and-transport and technological machines. He has
more than 200 scientific publications of which two are monographs, 123 are of scien-
tific and 18 are of educational and methodological nature, § are of scientific nature in
publications such as Scopus and WoS, and 33 are patents.



List of contributors

I. Aftanaziv, Descriptive Geometry and Engineering Graphics Department, Institute
of Applied Mathematics and Basic Sciences, National University “Lvivska Poly-
technica”, Lviv, Ukraine

I. Aliiev, Automation of Mechanical Engineering and Information Technologies,
Processing of Metal Forming Department, Donbass State Engineering Academy,
Kramatorsk, Ukraine

L. Aliieva, Automation of Mechanical Engineering and Information Technologies
Processing of Metal Forming Department, Donbass State Engineering Academy,
Kramatorsk, Ukraine

Y. Amirgaliyev, Institute of Information and Computational Technologies CS MES
RK, Almaty, Kazakhstan

S. Amirgaliyeva, Institute of Information and Computational Technologies CS MES
RK, Almaty, Kazakhstan, IT Department, Academy of Logistics & Transport, Al-
maty, Kazakhstan

A. I. Andrukhiv, Transport Technologies Department, Lviv Polytechnic National Uni-
versity, Lviv, Ukraine

R. Argat, Mechanical Engineering Technology Department, Institute of Mechan-
ics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine

T. Arkhipova, Department of Material Resistance and Applied Mechanics, Vinnytsia
National Technical University, Vinnytsia, Ukraine

D. Baitussupov, IT Department, Academy of Logistics & Transport, Almaty,
Kazakhstan

V. Bandura, Agricultural Engineering and Technical Service Department, Vinnytsia
National Agrarian University, Vinnytsia, Ukraine



xii List of contributors

Y. Basova, Processing of Metal Forming Department, National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

G. Borankulova, Faculty of Information Technology, Automation and Telecommuni-
cations, M. Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan

I. Bubnovska, Electrical Systems, Technologies and Automation in Agriculture De-
partment, Vinnytsia National Agrarian University, Vinnytsia, Ukraine

R. Budyak, Machine-Tractor Fleet Operation and Maintenance Department, Vin-
nytsia National Agrarian University, Vinnytsia, Ukraine

A. Chernish, Mechanical Engineering Technology Department, Institute of Mechan-
ics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine

V. Chukhlib, Processing of Metal Forming Department, Kharkiv Polytechnic Insti-
tute, National Technical University “Kharkiv Polytechnic Institute”, Kharkiv,
Ukraine

Y. Danylchenko, Machine Design Department, National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

O. Dedov, Machines and Equipment of Technological Processes Department, Kyiv
National University of Construction and Architecture, Kyiv, Ukraine

O. Deribo, Machine-Building Technology and Automation Department, Vinnytsia
National Technical University, Vinnytsia, Ukraine

O. Diachenko, Machines and Equipment of Technological Processes Department,
Kyiv National University of Construction and Architecture, Kyiv, Ukraine

M. Dmytriiev, Industrial Engineering Department, Vinnitsia National Technical Uni-
versity, Vinnytsia, Ukraine

V. Dragobetskii, Mechanical Engineering Technology Department, Institute of Me-
chanics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine

P. Drozdziel, Faculty of Mechanical Engineering, Lublin University of Technology,
Lublin, Poland

Z.. Dusaniuk, Machine-Building Technology and Automation Department, Vinnytsia
National Technical University, Vinnytsia, Ukraine

G. Duskazaev, IT Department, Academy of Logistics & Transport, Almaty,
Kazakhstan



List of contributors xiii

P. Golubkov, Automation of Technological Processes and Robotic Systems Depart-
ment, Odessa National Academy of Food Technologies, Odessa, Ukraine

K. Gromaszek, Faculty of Electrical Engineering and Computer Science, Lublin
University of Technology, Lublin, Poland

R. Grudetskyi Automation and Computer-Integrated Technologies Department, Lutsk
National Technical University, Lutsk, Ukraine

S. Gubskyi, Processing of Metal Forming Department, National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

P. Harchuk, Automation and Computer-Integrated Technologies Department, Lutsk
National Technical University, Lutsk, Ukraine

V. F. Hraniak, Theoretical Electrical Engineering and Electrical Measurements
Department, Vinnytsia National Technical University, Vinnytsia, Ukraine

O. Hrushko, Material Resistance and Applied Mechanics Department, Vinnytsia
National Technical University, Vinnytsia, Ukraine

B. Imanbek, Faculty of Information Technology, Al-Farabi Kazakh WNational
University, Almaty, Kazakhstan

R. Iskovych-Lototsky, Industrial Engineering Department, Vinnytsia National
Technical University, Vinnytsia, Ukraine

Y. Ivanchuk, Computer Science Department, Vinnytsia National Technical University,
Vinnytsia, Ukraine

M. Junisbekov, Automation and Telecommunications, M. Kh. Dulaty Taraz Regional
University, Taraz, Kazakhstan

M. Kalimoldayev, Institute of Information and Computational Technologies CS MES
RK, Almaty, Kazakhstan

V. Kaliuzhnyi, Aircraft Production Technologies Department, National Technical
University of Ukraine ‘Igor Sikorsky Kyiv Polytechnic Institute’, Kyiv, Ukraine

A. Kalizhanova, Institute of Information and Computational Technologies CS MES
RK, Almaty, Kazakhstan, Faculty of Information Technology, Al-Farabi Kazakh
National University, Almaty, Kazakhstan

P. Kisala, Faculty of Electrical Engineering and Computer Science, Lublin University
of Technology, Lublin, Poland

Y. Klemeshov, Metal Forming Department, Z. I. Nekrasov Iron & Steel Institute of
NAS of Ukraine, Kyiv, Ukraine



xiv List of contributors

T. R. Klotchko, Devices Production Department, National Technical University of
Ukraine “Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

P. Komada, Faculty of Electrical Engineering and Computer Science, Lublin Univer-
sity of Technology, Lublin, Poland

A. Kotyra, Faculty of Electrical Engineering and Computer Science, Lublin University
of Technology, Lublin, Poland

I. Koval, Integration of Education with Enterprises Department, National University
“Lvivska Polytechnica”, Lviv, Ukraine

K. Koval, Integration of Education with Enterprises Department, Vinnytsia National
Technical University, Vinnytsia, Ukraine

0. O. Koval, Industrial Engineering Department, Vinnytsia National Technical Uni-
versity, Vinnytsia, Ukraine

M. Kovalchuk, Higher Mathematics Department, Vinnytsia National Technical Uni-
versity, Vinnytsia, Ukraine

A. Kozbakova, Institute of Information and Computational Technologies CS MES
RK, Almaty, Kazakhstan, Faculty of Engineering and IT, Almaty Technological
University, Almaty, Kazakhstan

M. Kozhamberdiyeva, Faculty of Information Technology, Al-Farabi Kazakh National
University, Almaty, Kazakhstan

V. Kraievskyi, Higher Mathematics Department, Vinnytsia National Technical
University, Vinnytsia, Ukraine

V. V. Kukharchuk, Theoretical Electrical Engineering and Electrical Measurements
Department, Vinnytsia National Technical University, Vinnytsia, Ukraine

Y. Kulakova, Institute of Automation and Information Technologies, Satbayev
University, Almaty, Kazakhstan

V. Levchenko, Automation of Mechanical Engineering and Information Technologies,
Processing of Metal Forming Department, Donbass State Engineering Academy,
Kramatorsk, Ukraine

O. Mamyrbaeyv, Institute of Information and Computational Technologies CS MES
RK, Almaty, Kazakhstan

V. Matviichuk, Electrical Systems, Technologies and Automation in Agriculture
Department, Vinnytsia National Agrarian University, Vinnytsia, Ukraine



List of contributors xv

M. O. Mokliuk, Department of Material Resistance and Applied Mechanics, Vinnytsia
State Pedagogical University named after M. Kotsiubynsky, Vinnytsia, Ukraine

T. Molodetska, Industrial Engineering Department, Vinnitsia National Technical
University, Vinnitsia, Ukraine

D. Moloshtan, Mechanical Engineering Technology Department, Institute of
Mechanics and Transport, Kremenchuk Mykhailo Ostrohradskyi National
University, Kremenchuk, Ukraine

0. Mozghovyi, Physics and Methods of Teaching Physics, Astronomy Department,
Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Vinnytsia, Ukraine

M. Mussabekov, IT Department, Academy of Logistics & Transport, Almaty,
Kazakhstan

O. Mykhalevych, Higher Mathematics Department, Vinnytsia National Technical
University, Vinnytsia, Ukraine

V. Mykhalevych, Higher Mathematics Department, Vinnytsia National Technical
University, Vinnytsia, Ukraine

O. Naumova, Mechanical Engineering Technology Department, Institute of Mechan-
ics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine

I. Nazarenko, Machines and Equipment of Technological Processes Department, Kyiv
National University of Construction and Architecture, Kyiv, Ukraine

Y. Nemyrovskyi, Exploitation and Repairing Machine Department, Central Ukrain-
ian National Technical University, Kirovohrad, Ukraine

K. Nurseitova, Department of Information Technology, D. Serikbayev East Kazakh-
stan State Technical University, Ust-Kamenogorsk, Kazakhstan

G. Ogorodnichuk, Industrial Engineering Department, Vinnytsia National Agrarian
University, Vinnytsia, Ukraine

V. Ogorodnikov, Department of Material Resistance and Applied Mechanics, Vinnytsia
National Technical University, Vinnytsia, Ukraine

A. Okun, Processing of Metal Forming Department, National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

Z.. Omiotek, Faculty of Electrical Engineering and Computer Science, Lublin Univer-
sity of Technology, Lublin, Poland



xvi List of contributors

A. Oralbekova, IT Department, Kazakh University Ways of Communications, Almaty,
Kazakhstan

S. Orazalieva, Faculty of Engineering and IT, Almaty Technological University,
Almaty, Kazakhstan

A. Ormanbekova, Faculty of Information Technology, Al-Farabi Kazakh National
University, Almaty, Kazakhstan

S. Pavlov, Biomedical Engineering Department, Vinnytsia National Technical Univer-
sity, Vinnytsia, Ukraine

A. Petryshyn, Machine Design Department, National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

O. Polischuk, Safety of Life and Security Pedagogy Department, Vinnytsia National
Technical University, Vinnytsia, Ukraine

N. Posvyatenko, Manufacturing, Repair and Materials Engineering Department,
National Transport University, Kyiv, Ukraine

E. Posviatenko, Manufacturing, Repair and Materials Engineering Department,
National Transport University, Kyiv, Ukraine

R. Puzyr, Mechanical Engineering Technology Department, Institute of Mechan-
ics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine

S. Rakhmetullina, East Kazakhstan State Technical University named after D.Serik-
bayev, Ust-Kamenogorsk, Kazakhstan

S. Repinskyi, Machine-Building Technology and Automation Department, Vinnytsia
National Technical University, Vinnytsia, Ukraine

M. Ruchynskyi, Machines and Equipment of Technological Processes Department,
Kyiv National University of Construction and Architecture, Kyiv, Ukraine

V. Rutkevych, Machinery and Equipment of Agricultural Production Department,
Vinnytsia National Agrarian University, Vinnytsia, Ukraine

V. Savulyak, Industrial Engineering Department, Vinnitsia National Technical
University, Vinnytsia, Ukraine

A. P. Senyk, Transport Technologies Department, Lviv Polytechnic National
University, Lviv, Ukraine

O. Serdiuk, Machine-Building Technology and Automation Department, Vinnytsia
National Technical University, Vinnytsia, Ukraine,



List of contributors xvii

I. Sevostyanov, Technological Processes and Equipment of Processing and Food Pro-
duction Department, Vinnytsia National Agrarian University, Vinnytsia, Ukraine

A. Shapoval, Mechanical Engineering Technology Department, Institute of Mechan-
ics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine

S. Shargorodsky, Machinery and Equipment of Agricultural Production Department,
Vinnitsia National Technical University, Vinnitsia, Ukraine

V. Shenfeld, Industrial Engineering Department, Vinnitsia National Technical Uni-
versity, Vinnitsia, Ukraine

I. Shepelenko, Exploitation and Repairing Machine Department, Central Ukrainian
National Technical University, Kirovohrad, Ukraine

L. Shevchuk, Descriptive Geometry and Engineering Graphics Department, Institute
of Applied Mathematics and Basic Sciences, National University “Lvivska
Polytechnica”, Lviv, Ukraine

S. Shlyk, Mechanical Engineering Technology Department, Institute of Mechan-
ics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine

A. Shortanbayeva, Faculty of Information Technology, Al-Farabi Kazakh National
University, Almaty, Kazakhstan

V. L. Skytsiouk, Devices Production Department, National Technical University of
Ukraine “Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

A. Slabkyi, Industrial Engineering Department, Lutsk National Technical University,
Lutsk, Ukraine

S. Smailova, Department of Information Technology, D. Serikbayev East Kazakhstan
State Technical University, Ust-Kamenogorsk, Kazakhstan

A.Smolarz, Faculty of Electrical Engineering and Computer Science, Lublin University
of Technology, Lublin, Poland

D. Somov, Automation and Computer-Integrated Technologies Department, Lutsk
National Technical University, Lutsk, Ukraine

B. 1. Sokil, Engineering Mechanics Department, Hetman Petro Sahaidachnyi Na-
tional Army Academy, Lviv, Ukraine

M. B. Sokil, Transport Technologies Department, Lviv Polytechnic National
University, Lviv, Ukraine, D. Somov, Automation and Computer-Integrated Tech-
nologies Department, Lutsk National Technical University, Lutsk, Ukraine



xviii List of contributors

L. Strutynska, Descriptive Geometry and Engineering Graphics Department, Insti-
tute of Applied Mathematics and Basic Sciences, National University “Lvivska
Polytechnica”, Lviv, Ukraine

S. Strutynskyi, Applied Hydroaeromechanics and Mechanotronics Department, Igor
Sikorsky Kyiv Politechnic Institute, Kyiv, Ukraine

A. Sviderskyi, Machines and Equipment of Technological Processes Department,
Kyiv National University of Construction and Architecture, Kyiv, Ukraine

I. Svidrak, Descriptive Geometry and Engineering Graphics Department, Institute
of Applied Mathematics and Basic Sciences, National University “Lvivska
Polytechnica”, Lviv, Ukraine

V. Sychuk, Automation and Computer-Integrated Technologies Department, Lutsk
National Technical University, Lutsk, Ukraine

V. Tikhenko, Metal-Cutting Machines, Metrology and Certification Department,
Odessa National Politechnical University, Odessa, Ukraine

A. Toigozhinova, IT Department, Academy of Logistics and Transport, Almaty,
Kazakhstan

Y. Tsekhanov, Department of Engineering and Computer Graphics, Voronezh State
Technical University, Voronezh, Russia

A. Tuleshov, Institute of mechanics and engineering science CS MES RK, Almaty,
Kazakhstan

Y. Turgynbekov, Faculty of Information Technology, Automation and Telecommuni-
cations, M. Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan

V. Turych, Industrial Engineering Department, Vinnytsia National Agrarian
University, Vinnytsia, Ukraine

V. M. Tverdomed, Faculty of Infrastructure and Railway Rolling Stock, State
University of Infrastructure and Technology, Kyiv, Ukraine

G. S. Tymchyk, Devices Production Department, National Technical University of
Ukraine “Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

S. Tymchyk, Biomedical Engineering Department, Vinnytsia National Technical
University, Vinnytsia, Ukraine

R. Vakylenko, Mechanical Engineering Technology Department, Institute of Mechan-
ics and Transport, Kremenchuk Mykhailo Ostrohradskyi National University,
Kremenchuk, Ukraine



List of contributors xix

N. Veselovska, Machinery and Equipment of Agricultural Production Department,
Vinnytsia National Technical University, Vinnytsia, Ukraine

I. Vishtak, Material Resistance and Applied Mechanics Department, Vinnytsia
National Technical University, Vinnytsia, Ukraine

N. Weselowska, Industrial Engineering Department, Vinnytsia National Agrarian
University, Vinnytsia, Ukraine

W. Wajcik, Faculty of Electrical Engineering and Computer Science, Lublin Univer-
sity of Technology, Lublin, Poland

V. Yehorov, Automation of Technological Processes and Robotic Systems Department,
Odessa National Academy of Food Technologies, Odessa, Ukraine

B. Yeraliyeva, Faculty of Information Technology, Automation and Telecommunica-
tions, M. Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan

G. Yerkeldessova, IT Department, Academy of Logistics & Transport, Almaty,
Kazakhstan

G. Yusupova, Department of IT, Turan University, Almaty, Kazachstan

O. Zabolotnyi, Automation and Computer-Integrated Technologies Department,
Lutsk National Technical University, Lutsk, Ukraine

V. Zagoryanskii, Mechanical Engineering Technology Department, Institute of
Mechanics and Transport, Kremenchuk Mykhailo Ostrohradskyi National
University, Kremenchuk, Ukraine

U. Zhunissova, Department of IT, Astana Medical University, Nur-Sultan City,
Kazakhstan

S. Zlepko, Biomedical Engineering Department, Vinnytsia National Technical
University, Vinnytsia, Ukraine

I. Zozulyak, Technological Processes and Equipment of Processing and Food
Production Department, Vinnytsia National Agrarian University, Vinnytsia,
Ukraine



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com



Chapter ||

Synergetic aspects of growth in
machining of metal materials

E. Posviatenko, N. Posvyatenko, O. Mozghovyi,
R. Budyak, A. Smolarz, A. Tuleshov, G. Yusupova,
and A. Shortanbayeva

CONTENTS

T1.1 INtrOAUCHION ...iiieeiiiiie ettt ettt e et e e et e e e e eeeeenneeeas 121
11.2 ReSEATCh TESUILS .....eiiieiiiiiiee e e e e 123
11.3 Discussion and practical significance of the research results.......................... 126
11,4 CONCIUSION ...ttt ettt e e et e e et e e e ettt e e e e eeeeenneeeas 127
RETETONCES ...ttt e e et e e e ettt e e et e e e enneeas 127

I1.I' INTRODUCTION

The term “growth” means the formation on a surface of one solid of another substance
when they are in contact (Kuznetsov 1956). Concerning the machining of metal mate-
rials by pressure, cutting, etc., this can be the formation of the processed material on
the working surface of the punch or cutting wedge. The growth is in the state of com-
plete compression and firmly held on this surface of the instrument.

The first experimental research of the growth formation was performed by the
physicist Usachov (1952). An optical microscope, artificial thermocouples, a method
of stopping the processing, and metallography were used in his research. In 1952, Y.G.
Usachov found that the growth is formed from the processed material and serves as an
additional cutting wedge. Later research (Kuznetsov 1956) was intended to show that
the body of the growth is formed with the involvement of additional environmental
factors. As a result, the growth must have a different chemical composition than the
material being processed. However, our research (Posvyatenko 1996) showed the fal-
sity of such a physical nature of the growth. Thus, at the current level of experimental
technology, the basic provisions of Y.G. Usachov were improved.

The aim of the research was to determine the cause of the growth formation, the
positive and negative role of this formation in the machining of metal materials as well
as the practical use of the growth formation.

The theoretical part of the research is based on the principles of synergetics
(Hacken 1980; Ivanova 1986; Prigogine 1986). A new area of science that studies the
patterns of self-organization of ordered structures of diverse origin, focusing on irre-
versible processes in thermodynamically unbalanced systems, was dubbed “synerget-
ics” (Ivanova 1994; Kanarchuk 2002).

This term coined by Hermann Haken means a concerted, joint action. The prin-
ciples of synergetics can be successfully applied in the study of technological systems,
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particularly, in determining of the interaction of its components, and therefore, when
solving the problem of the formation of the work determined in this paper.

This derives from the methodology of synergetics, as unbalanced thermodynam-
ics studies, irreversible processes that lead to a decrease in entropy through the self-
organization of ordered or dissipative structures, which occurs in open systems that
exchange energy and matter with the surrounding medium.

For nonequilibrium systems, the main characteristic is bifurcations, the mech-
anism of which was investigated by I. Prigogine. According to his conclusions, the
system near the bifurcation points selects one or more options for further development
by random fluctuations, losing stability. The alternation of stability and instability is
a general phenomenon in the evolution of any open system, which, after passing the
bifurcation, can no longer return to its original state.

In the process of our previous studies (Polishchuk 2016b; Posvyatenko 2017), it has
been established that from the positions of synergetics in technological systems (TS),
the detail is dominant (Figure 11.1).

Due to its shape, size, surface properties, and material, it affects the kinematics
and cutting physics, which includes process modes. At the same time, the interaction
of the “detail-process” can be considered already stabilized. The chain of some feed-
back, that is, the self-organization of the TS, is the influence of the physics of the pro-
cess on the physical-mechanical and geometric properties of the surface of the part.
The second most important component of the TS is the cutting tool (CT). Its direct
connection with the detail influences the shape and size of the latter based on the type
of instrument and structural material (KM) on the instrumental (MI).

The last link is also retroactive and very powerful, since today material science is
developing intensively. The geometric parameters of CT and MI influence the physics
of the cutting process through contact phenomena, and the effect is reversed due to
wear and stability of the CT (Polishchuk 2016a).

The tool acts very strongly on the machine through the MI and the physics of the
cutting process, as can be seen from the following examples. The application of tools
from high-speed steel at the beginning of the twentieth century increased the speed
of cutting by 3-5 times, which could not but affect the design of the machine and the
cutting process. So, only 3years after the invention of a high-speed steel, Nicholson
(USA), using a specially created three-component dynamometer caliper, investigated
the components of the cutting forces of a tool from the new MI in order to enhance the
design of the lathe. Thus, thanks to the high-speed steel, the machines became more
high-speed, rigid, and massive (Kozlov 2019; Polishchuk 2019).

Thus, the ranking of the components of the technological system for the process-
ing of materials by cutting in the context of strong direct impact should be considered
as follows: the part-tool-process—machine. At the same time, in the interaction of
individual components of the parts of the TS, there is traceable and slightly weaker
feedback. For the effective development of the TS, it should be synthesized and investi-
gated only in the interconnection of the components (Ogorodnikov 2018, 2019).

It should be noted that the buildup, as the main component of the structural mate-
rial of the part, deserves special attention, since it is an important characteristic of this
material at low and medium cutting speeds (broaching, screw cutting and gear cutting,
drilling, planing, slotting, etc.).
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Figure I1.] Scheme of mutual influence of the components of the technological system in
the processing of material cutting.

Our previous studies (Posvyatenko 2018) also showed that the self-organization
of the structure of the formation of growth during the mechanical treatment of metal
deformable materials can be effectively influenced by the pre-cold plastic deformation
and the medium (Dragobetskii 2015; Ogorodnikov 2004).

11.2 RESEARCH RESULTS

The following were used in the work: micro-volume PMT-3; MIM-7 and Neophot-21 mi-
croscopes; block profile-profilometer VEI — “Caliber”; REM-1064 electronic microscope
and “Camscan 4-DV” scanning electron microscope; Dataletty 150 microdurometer
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Figure I1.2 Results of the research by methods of microstructural analysis (x50) and mi-
crohardness of the chip formation zone during free orthogonal cutting of steel
10 after cold strain hardening (e =0.25; HV 2.1 GPa): v=0.15m/s, Sz=0.15mm;
cutter — steel P6M5; y=15° p=0.008 mm; coolant liquid — sulfoprezol; dimen-
sional characteristics of the taut-distorted: Hu — GPa; 70, tk-MPa.

(Shimadzu); Talisuri-5 profilograph-profilometer; Taliscan high-speed device for three-
dimensional scanning of machined surface. An EWEL web camera and a latest-generation
PC were also used in the experiments.

The results of the research are presented in Figure 11.2. Cutting modes: velocity
v=0.15m/s; depth S=0.15mm; front angle y=15°; the radius of rounding of the cutting
edge p =0.008 mm; coolant liquid — sulfoprezol; microhardness throughout the cutting
area — Hm, GPa; tangential stresses — 70, tk, MPa.

The formation of the body of the growth occurs at the initial cutting area from a
certain volume of the processed material, which passes into the plastic state via the
deformation of the shear and compression. Practically, the formation ends after the
complete inclusion of the tooth in the work. A wedged chip formation zone forms at
the initial cutting area. In this case, the taut-distorted condition of the processed ma-
terial near the cutting edge is such that the material, turning into a growth, acquires
deformation of the relative shear ¢ =20-50 regardless of the degree of strengthening.
The indicated deformation values are higher for the initial displacement deformations
(¢=1.5-5). The microhardness of the growth significantly exceeds the microhardness
of the chips and does not depend on the degree of hardening of the material being
processed. So, when cutting steel 10, this reaches 30%-35% (Del 1975; Vorobyov 2017).

In the area of stable cutting, the body of the growth is elastic. By contrast, in the
contact layer of the chips and the surface layer of the parts that adjoin the growth,
extensive plastic deformations occur. This is proved by the texture and the increase in
microhardness. Thus, in the zone of secondary deformation, the value of microhard-
ness of the chips is close to the value of the microhardness of the growth.

The processed material turns into a growth under the action of extensive plas-
tic deformations, but retains its structure. Thus, the growth has the same structure
and chemical composition as the processed material in its original state. Exclusive to
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Figure 1.3 General outline of a chip-formation zone on a body of a growth: | — processed
steel in the unstable state; 2 — chip-formation zone; 3 — chips; 4 — body of the

growth.

ordinary steels, the physico-mechanical and cutting properties of the growth have an
exclusively deformational nature (Kukharchuk 2017a; Vedmitskyi 2017).

In Figure 11.3, we have provided a general outline of a chip-formation zone on a
body of a growth. In the chip-formation zone 2, the processed steel transfers from the
elastic into the elastoplastic state.

The zone is constrained by curvilinear areas with the initial circumferential stress
70 and the final one zk. The body of the growth 4 is found working in conditions of
all-round compression. From one side, the body is restricted by the leading surface of
the cutting wedge. From the other side, there is a sliding movement of the chips on the
body of the growth 3. And finally, the flank surface of the growth is in contact with the
processed surface. Characteristic parameters of the body of the growth and the chips
are as follows. (1) part of a growth protruding over the back of the instrument; (2)
cutter layer of the chips in contact with the body of the growth; (3) part of the growth
remaining on the processed surface; (4) microstructure of the body of the growth at its
cutting edge; (5) microstructure of the transition zone from “growth to processed sur-
face”; (6) microstructure of the body of the growth at the cut area; (7) characteristic in-
crease of OP after processing the growth formation (Kukharchuk 2017b; Wojcik 2010).

In Figure 11.4, we have provided a micrograph of the flank surface of the growth
1 and the processed surface 2 with a part of the growth 3 still remaining on the latter.
The thickness of the textured layer on the processed surface is tenths of a millimeter
in size.

Abrasive protrusions, occasionally left by the growth, break almost in half, and
their underside becomes the tip of the ridge on the processed surface with hardness
that matches the intense hardness of the growth. At the same time, the top part, which
is also quite solid, becomes free and performs its abrasive functions on the processed
surface.

In Figure 11.5, the zones of contact of the base of the body of the upright 1 with the
chips 2 and the treated surface 3 are shown.

The levels of the texture of the chip 2 and the upright 1 indicate different degrees
of cold strain and, accordingly, strengthening.
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Figure 11.4 Micrograph of the back surface of the topside | and the treated surface 2
with the remaining particle on the last (region C in Figure 11.3). Experimental
conditions are given in the caption of Figure |1.2.

Figure 11.5 Microstructure of the contact zone of the base of the upright | and chips 2.
The conditions of the experiment are presented in the caption of Figure I1.2.

11.3 DISCUSSION AND PRACTICAL SIGNIFICANCE OF THE
RESEARCH RESULTS

The positive role of the growth is to protect the working surface of the tool against wear
and hardening of the treated surface. The negative properties of the growth include the
growth of roughness of this surface due to the appearance of scallops (Posvyatenko
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2019b, 2019¢). Growth formation can be used to construct the flow curves of plastic
materials. This is due to the fact that in one experiment, it is possible to obtain a wide
range of hardnesses of the processed material from the initial to the maximum (hard-
ness of the growth; Posvyatenko 2005; Wojcik 1997).

Such curves are constructed as follows. First, we carry out the processing of plas-
tic material by way of free orthogonal cutting in the zone of the intense formation of
growths. Then the process is stopped by the cutter method, which falls, that is, the
“root of the chip” is obtained.

The latter is processed by the method of preparation of microsections. Then the mi-
crohardness of an experimental sample of the “root of the chip” is studied in the zones:
that corresponds to the initial state of the material; in the beginning and at the end
of the wedge-shaped section of the chip formation; in an array of chips; at the contact
point of a chip with a cutting tool; and finally, in the body of the growth.

These microhardness values (according to Vickers) are known to be related to the
values of normal or tangential stresses by simple dependences, by which one can con-
struct an exact yield locus, and to the strain strength of the material.

In the latest studies using the method of studying the distribution of dislocations
using an electron microscope, the decisive influence of the dislocation mechanism on
the change in the properties of the material being processed under cold plastic defor-
mation is shown (Posviatenko 2019a).

11.4 CONCLUSION

It was established that the mechanical treatment of steels is accompanied by the for-
mation of a “material — tool” in accordance with the laws of the self-organization of
the system (synergetic). The growth has the same structure and chemical composition
as the treated material. Exclusive for conventional structural and low-carbon steels,
the physical-mechanical and cutting properties of the growth have an exclusively
deformation nature.

When selecting materials for parts of machines that should work in conditions of
long cyclic loads, one should prefer those materials in which the difference between
the values of the tensile strength and yield strength is not less than 40%-50%, that is,
plastic materials.

The article proposed an original method for constructing a yield locus and deter-
mining the limit of cold strain hardening of plastic materials, which includes obtaining
a “root of the chip,” investigating the microhardness of the latter inclusive and the zone
of growth, and recalculating the microhardness into normal and tangential stresses.
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