


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



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 identif ied 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



List of editors	 ix
List of contributors	 xi

1	 Development of perspective equipment for the 
regeneration of industrial filters	 1
І. Sevostyanov, I. Zozulyak, Y. Ivanchuk, O. Polischuk, K. Koval, 
W. Wójcik, A. Kalizhanova, and A. Kozbakova

2	 Intelligent implants in dentistry: Realities and prospects	 15
S. Zlepko, S. Tymchyk, O. Hrushko, I. Vishtak, Z. Omiotek, 
S. Amirgaliyeva, and A. Tuleshov

3	 Modeling of the exhaustion and regeneration of the 
resource regularities of objects with different natures	 27
V. Mykhalevych, V. Kraievskyi, O. Mykhalevych, O. Hrushko, 
A. Kotyra, P. Droździel, O. Mamyrbaev, and S. Orazalieva

4	 Increase in durability and reliability of drill column 
casing pipes by the surface strengthening	 39
I. Aftanaziv, L. Shevchuk, L. Strutynska, I. Koval, I. Svidrak, 
P. Komada, G. Yerkeldessova, and K. Nurseitova

5	 Experimental research of forming machine with a 
spatial character of motion	 51
I. Nazarenko, O. Dedov, M. Ruchynskyi, A. Sviderskyi, 
O. Diachenko, P. Komada, M. Junisbekov, and A. Oralbekova

6	 Research of ANSYS Autodyn capabilities in evaluating 
the landmine blast resistance of specialized armored  
vehicles	 61
S. Shlyk, A. Smolarz, S. Rakhmetullina, and A. Ormanbekova

Contents



vi  Contents

7	 Phenomenological aspects in modern mechanics of 
deformable solids	 77
V. Ogorodnikov, T. Arkhipova, M.O. Mokliuk, P. Komada,  
A. Tuleshov, U. Zhunissova, and M. Kozhamberdiyeva

8	 The determination of deformation velocity effect on 
cold backward extrusion processes with expansion 
in the movable die of axisymmetric hollow parts	 87
I. Aliiev, V. Levchenko, L. Aliieva, V. Kaliuzhnyi, P. Kisała,  
B. Yeraliyeva, and Y. Kulakova

9	 Stress state of a workpiece under double bending by 
pulse loading	 101
V. Dragobetskii, V. Zagoryanskii, D. Moloshtan, S. Shlyk,  
A. Shapoval, O. Naumova, A. Kotyra, M. Mussabekov,  
G. Yusupova, and Y. Kulakova

10	 Tensor models of accumulation of damage in material 
billets during roll forging process in several stages	 111
V. Matviichuk, I. Bubnovska, V. Mykhalevych, M. Kovalchuk, 
W. Wójcik, A. Tuleshov, S. Smailova, and B. Imanbek

11	 Synergetic aspects of growth in machining of metal 
materials	 121
E. Posviatenko, N. Posvyatenko, O. Mozghovyi, R. Budyak,  
A. Smolarz, A. Tuleshov, G. Yusupova, and  
A. Shortanbayeva

12	 Theoretical and experimental studies to determine 
the contact pressures when drawing an axisymmetric 
workpiece without a blank flange collet	 131
R. Puzyr, R. Argat, A. Chernish, R. Vakylenko, V. Chukhlib,  
Z. Omiotek, M. Mussabekov, G. Borankulova,  
and B. Yeraliyeva

13	 Modification of surfaces of steel details using 
graphite electrode plasma	 141
V. Savulyak, V. Shenfeld, M. Dmytriiev, T. Molodetska,  
V. M. Tverdomed, P. Komada, A. Ormanbekova,  
and Y. Turgynbekov



Contents  vii

14	 Complex dynamic processes in elastic bodies and the 
methods of their research 	 151
B. I. Sokil, A. P. Senyk, M. B. Sokil, A. I. Andrukhiv, 
O. O. Koval, A. Kotyra, P. Droździel, M. Kalimoldayev,  
and Y. Amirgaliyev

15	 Analysis of the character of change of the 
profilogram of micro profile of the processed surface	 165
N. Veselovska, S. Shargorodsky, V. Rutkevych,  
R. Iskovych-Lototsky, Z. Omiotek, O. Mamyrbaev,  
and U. Zhunissova

16	 Investigation of interaction of a tool with a part in the 
process of deforming stretching with ultrasound	 175
N. Weselowska, V. Turych, V. Rutkevych, G. Ogorodnichuk, 
P. Kisała, B. Yeraliyeva, and G. Yusupova

17	 Robotic complex for the production of products special 
forms with filling inside made from dough	 185
R. Grudetskyi, O. Zabolotnyi, P. Golubkov, V. Yehorov, 
A. Kotyra, A. Kozbakova, and S. Amirgaliyeva

18	 Theoretical preconditions of circuit design 
development for the manipulator systems of 
actuators of special-purpose mobile robots	 197
S. Strutynskyi, W. Wójcik, A. Kalizhanova, and M. Kozhamberdiyeva

19	 Analysis of random factors in the primary motion 
drive of grinding machines	 213
V. Tikhenko, O. Deribo, Z. Dusaniuk, O. Serdiuk, A. Kotyra,  
S. Smailova, and Y. Amirgaliyev

20	 Dynamic characteristics of “tool-workpiece” elastic 
system in the low stiffness parts milling process	 225
Y. Danylchenko, A. Petryshyn, S. Repinskyi, V. Bandura, 
M. Kalimoldayev, K. Gromaszek, and B. Imanbek

21	 Modeling of contact interaction of microroughnesses 
of treated surfaces during finishing anti-friction  
non-abrasive treatment FANT	 237
I. Shepelenko, Y. Nemyrovskyi, Y. Tsekhanov, E. Posviatenko, 
Z. Omiotek, M. Kozhamberdiyeva, and A. Shortanbayeva



Chapter 16

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. Kisała, B. Yeraliyeva, and G. Yusupova

CONTENTS

16.1	 Introduction.......................................................................................................175
16.2	 Analysis and problem statement........................................................................175
16.3	 Purpose, objectives, materials, and methods.....................................................176
16.4	 Research results.................................................................................................176
16.5	 Conclusions...................................................................................................... 182
References.................................................................................................................. 182

16.1  INTRODUCTION

The current development of hydraulic cylinders requires their developers to further 
improve their technical level, competitiveness and to expand functional capabilities. 
Requirements for the working surfaces of hydraulic cylinders are increasing – the 
accuracy of holes in terms of the permissible deviations from axial straightness and 
non-circularity, the working surface roughness, the surface microrelief, as well as the 
increase of working pressures. These requirements can be successfully fulfilled by a 
technological process based on stretching deformation using ultrasound (Kumar 2013, 
Mashkov et al. 2014, Turych & Rutkevych 2016). In this connection, the task of devel-
oping the technology of cylinder sleeves is topical.

16.2  ANALYSIS AND PROBLEM STATEMENT

The problem of improving the accuracy of hollow detail surfaces of machine parts 
such as sleeves and cylinders is highlighted by many authors, namely Proskuryakov 
Yu. G., Rosenberg O. A Posvyatenko E. K. (Turych & Rutkevych 2016, Turych et al. 
2017). However, from the standpoint of resource conservation, which is extremely im-
portant for the Ukrainian economy, these processes are not sufficiently studied. Since 
the adhesion phenomena in the process of treatment of materials by cold plastic defor-
mation are certainly harmful, a number of process researchers recommend the use of 
oils with high screening properties, that is, anti-agglutinating materials, in which the 
fillers are molybdenum disulfide, graphite, and other similar substances, which are 
able to withstand high contact pressure, provide a reliable separation of the surfaces of 
parts and tools during processing and low external friction coefficient values (0.07–0.1) 
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(Kumar 2013). However, this method of dealing with adhesion is unsuitable for cold 
plastic deformation finishing processes, since it does not allow the possibility of low-
ering the roughness of the surfaces, obtaining high values of deformation strength, 
texture, and useful compressive stresses in the surface layer. The problem of increasing 
the accuracy of surface treatment of machine parts such as hollow-type cylinder liners 
has been covered by many authors, namely Proskuryakov Y. G., Rosenberg A. A., 
Posvyatenkom E. K., etc. (Moriwaki 2010, Turych et al. 2017, 2018). However, from the 
resource standpoint, which is extremely important for the Ukrainian economy, these 
processes have been insufficiently studied. Since adhesion phenomena in the process-
ing of materials by cold plastic deformation are undoubtedly harmful, some process 
researchers have recommended the use of oils with high screening properties such 
as adhesive coatings materials, fillers, including molybdenum disulfide, graphite, and 
similar substances able to withstand high contact pressure, provide reliable separation 
of the surfaces of parts and tools during processing and a low external friction coeffi-
cient (0.07–0.1) (Romashkyna 2009, Shao-Yi et al. 2016).

Several studies show that during cold plastic deformation using ultrasonic vibra-
tions, i.e., using periodic forced separation of the tool and the parts during processing, 
the quality is improved greatly and the intensity of operations is reduced, as a result 
of periodic recess into the surface of the part and immediate termination of contact 
between surfaces of the tools and parts (Kumar 2013, Titov et al. 2017, Turych et al. 
2018, Tymchyk et al. 2018).

The conducted studies are relevant to solve practical problems of using such methods.

16.3  PURPOSE, OBJECTIVES, MATERIALS, AND METHODS

The aim of the study is to improve the processing of hollow machine part surfaces 
such as sleeves and cylinders by stretching deformation using ultrasound and to define 
the theoretical dependencies in order to calculate the pulling forces during contact 
between the tool and the part.

A description of the ultrasonic deforming through stretching with ultrasound has 
been developed based on the application of rheological models of materials that reflect 
their actual elastic–plastic properties. Such an approach makes it possible to identify 
the mechanism of how the ultrasound impacts the process of stretching deformation. 
A study of force parameters was carried out using a loading chart of a perfect elastic–
plastic body. Investigation of the machining method’s effect on torque involved the 
following materials: Steel 10, aluminum alloy AK4.

16.4  RESEARCH RESULTS

The use of stretching deformation operations can reduce processing complexity and 
increase the hydraulic drive reliability and durability by improving the quality of cyl-
inder holes.

The application of ultrasonic technology allows expanding the technological ca-
pabilities of stretching deformation, namely: by increasing the hole precision, axial 
straightness of the cylinder and opening, creating a microrelief on the inner surface to 
maintain lubrication (Turych & Rutkevych 2016, Turych et al. 2018).
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For the development of the technological process, we consider the contact interac-
tion of the tool with the part during stretching deformation with the use of ultrasound. 
Figure 16.1 shows a schematic of stretching deformation using ultrasound (Polishchuk 
et al. 2016, 2018, 2019).

The deforming element 1 oscillates harmonically with an amplitude of ξ and 
passes through the hole of part 2 with a static force of Q. The equation of motion of 
the deforming element can be represented as follows

u t = + tξ ω( ) vt sin 	 (16.1)

where v – speed of the tool; t – time; ω = 2πf, here f – the frequency of oscillation.
Moving the deforming element leads to a displacement of the contact surfaces of 

the tool and the part along the normal direction leading to the formation of a working 
cone tool:

u t = u tn α( ) ( )sin 	 (16.2)

and to the bias by the tangent:

u t = u t α( ) ( )τ cos 	 (16.3)

here α – the inclination angle of the formation of a working cone of the deforming 
element.

By moving, (16.2) and (16.3) cause normal tension qn with a resultant N  and tan-
gential stresses qτ  with a resultant Ffr.

Due to the fact that the tools (16.2), (16.3) are intermittent in nature, the stretching 
deformation process will take place in three stages, namely: elastic, plastic, and un-
loading. By analogy with (Rimkeviciene et al. 2009), let’s consider the load diagram of 
ideal elastic–plastic material. The load diagram is shown in Figure 16.2.

The diagram shows: (1) zone of elastic loading; (2) zone of plastic deformation; (3) 
unloading zone. In view of (16.2), (16.3), the loading characteristics are expressed as 
follows:

Figure 16.1  Ultrasound stretching schematic.
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where kn – the rigidity of the section of the detail in the normal direction; N  – normal 
force during plastic deformation; Δ – coordinate of the beginning of surface contact 
of tools and parts; unm – the maximum mean of the function within a period (16.1); 
S N kn α= sin  – the movement of the deforming element to achieve the normal force of 
N, that is appropriate for plastic deformation (Kozlov et al. 2019, Ogorodnikov et al. 
2018, Ogorodnikov, Dereven’ko, et al. 2018).

Let us consider that between the working surface of the tool and the treated sur-
face during their relative tangential displacement, a friction force occurs directed to-
ward the opposite direction of movement.

F Nfr η≤ 	 (16.5)

A sign of equality (16.5) is placed when slipping occurs. In the absence of slipping the 
friction force is equal to the classic tangential force. Taking into account the above, it 
is worth considering the following three cases.

Case I. Friction force F Nfr η=
The characteristic of a tangential interaction is as follows:

F u u N u u signufr   η= ⋅( , ) ( , ) 	 (16.6)

The characteristic of the friction force in the direction of the motion has the following 
form:

F u u N u u signufr   η α= ⋅ ⋅ν ( , ) ( , )cos 	 (16.7)

In (16.7) Ffrv  accepts the following values

Figure 16.2  The load diagram at Ffr = η · N.
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The total characteristic in the direction of movement that is stretching force:

Q u u N u u F u ufr  α α= +( , ) ( , )sin ( , )cos 	 (16.9)

Figure 16.2b shows the dependence (16.8). In Sections 16.1 and 16.2, characteristics 
of friction force (Figure 16.2b) corresponding to the load result in the sliding of sur-
faces; in Section 16.3, unloading takes place, followed by elastic negative tension, in 
Section 16.4 – unloading with slipping. In Figure 16.2c, the solid line shows the total 
characteristic. The total characteristic describes all possible situations (Figure 16.2c).

The case, as described above, can be considered as a limiting transition since the 
relative slip of the tool and the part is preceded by a shift of the treated surface to-
gether with the tool (Landeta 2015). Calculation using the above method, which does 
not take into account the previous surface shift, will produce an error, especially at a 
low instrument oscillation amplitude.

Taking into account the previous shift, we assume that the treated part surface 
also has a shear stiffness kτ  in the direction of the formed working cone of deforming 
element (Dragobetskii et al. 2015, Ogorodnikov et al. 2004, Vasilevskyi 2013). Taking 
the above into account, let us consider the following situations.

Case II. Friction coefficient

k ctg knη α≤ τ 	 (16.10)

The characteristic of the tangential interaction for this case is as follows:
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where m
k

k
c

nη
α= τ tg .

The total characteristic in the direction of the movement is similar to (16.9).
Figure 16.3a and b show the dependencies (16.4) and (16.11). Sections 16.1 and 16.2 

show the characteristics of friction force (Figure 16.3b), corresponding to the load – 
there is a sliding of surfaces; in Section 16.3 – the elastic unloading with further nega-
tive elastic tension due to the friction; in Section 16.4 – unloading with slippage. The 
solid line in Figure 16.3c shows the total characteristic, and the dashed one – its com-
ponents: N u u( , ), F u ufr ( , ).

If the amplitude of tool oscillations is Sξ ≤ 21 , a purely elastic interaction takes 
place, which is established after the transition process (Section 16.5, Figure 16.3c). 
Here the material behaves as elastic–plastic with a rigidity coefficient:

k k kn α α= + τsin cos2 2 	 (16.12)
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Note that according to (16.11):

S S m= +2 (1 )1 	 (16.13)

As shown in (16.12), (16.13), kτ  and η  are important in calculating the total rigidity co-
efficient. For example, when α = °5  k k kn≈ + τ0,0076 0,99 .

Under these conditions, all conclusions are valid (Romashkyna 2009), according 
to which:

Q Q k Sy ξ ξ( )= − ⋅ ≤at 1 	 (16.14)

where Qy, Q – stretching forces with ultrasound and without it, respectively.
At large amplitudes, nonlinear distortions begin, associated with the approach to 

the characteristic branch, marked by line 6 in Figure 16.3c. In this case, there are slip-
page and friction losses on the contact surfaces of the tool and the part.

Case III. If the friction coefficient is

k ctg knη α≥ ⋅ ⋅τ 	 (16.15)

the characteristic of tangential interaction has the following form:
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Figure 16.4b shows the characteristics (16.4) (16.16). Line 1 in Figure 16.4b shows tan-
gent characteristics (16.16), elastic deformation takes place; 2 – slipping; 3 – unloading 
with slippage. The total characteristic is presented in Figure 16.4c. Here the elastic 
deformation zone is limited by line 4.

For the three cases at Sξ ≥ 1, with the help of the impulse theorem, substituting in 
(17) the relevant characteristics of normal and tangential interactions, the correlation 

Figure 16.3  Load diagram at tgη α≤ τk
k

c
n

.
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that ties a constant statistical force with parameters of tool motion and the character-
istics of the processed material can be obtained:

Q
T

N u u F u u dty fr

t

t T

 ∫ α α= +
+

1
( ( , )sin ( , )cos )

1

1

	 (16.17)

To check received dependencies, experiments were conducted involving stretching out 
of steel 10 sleeves with the dimensions (mm): outer diameter – 30, hole diameter – 10, 
deforming element tension – 0.2. The sleeves were processed using carbide deforming 
elements with a 5° angle of inclination. Sulfofresol was used as a lubricant.

The stiffness of the linear section of the detail in the normal direction was deter-
mined using the method described in (Turych et al. 2018). For investigated details, it 
was kn = ⋅5.92 10 MN/m6 .

Tangential stiffness was determined as follows. From the processed sleeve, micro-
floors were made and photographed. The photograph shows that the metal grains have 
a typical, pronounced texture, that is, grain elongation and inclination in the direction 
of stretching. The value of grain elongation was measured on several sections of micro-
floors, and then the average value X0 was determined. Using the technique, the normal 
force and friction force were determined (Shao-Yi 2016). The value of the tangential 
stiffness was determined as the ratio of friction to X0:

k F Xfr=τ 0 	 (16.18)

For the experiments, the value was 6.02 × 105 MN/m.
As the stretching was conducted with a maximum vibration amplitude of 15 mm, 

and the mean S 21  was 17 mm, the stretching force was determined by the dependence 
(14). The experimental and calculated values of the forces were well coincided, the dif-
ference amounted to no more than 15%.

The analysis provides a clear picture of the contact interaction between a tool and 
a product surfaces during stretching deformation using ultrasound and also makes it 
possible to calculate the stretching force, observed in different conditions of contact 
interaction.

Figure 16.4  Load diagram at tgη α≥ τk
k

c
n

.
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16.5  CONCLUSIONS

The obtained theoretical dependences for calculating stretching forces, when process-
ing with the use of ultrasound, show that the mechanism of influence of ultrasound 
on reduction of stretching forces is manifested in the accumulation of small plastic 
deformations, which increase between periods of fluctuations due to the total vibra-
tional and translational motions of the tool and reduce friction forces by changing the 
kinematics of sliding.

It was established that the type of contact interaction between the tool with the 
detail has a decisive impact on how ultrasounds reduce stretching forces. With impulse 
interaction (with a break between contact of instrument and detail surfaces), stretch-
ing force is reduced to a minimum, tending toward zero, and in unceasing (without 
breaking of contact between surfaces) – by 60%–70% in comparison to stretching force 
without the use of ultrasound.

The construction of the deforming tool for deformation processing with the use of 
ultrasound was proposed.
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