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When justifying the design parameters, it is necessary to 
carry out the analysis of the strain-strain state of individual 
elements of technological systems, which are sets of parts 
under contact interaction conditions. These problems are 
nonlinear, and the principle of superposition does not apply 
to them. For this reason, the amount of calculations increases 
dramatically. To overcome this drawback, methods and mo
dels for the rapid and precise study of the strain-strain state 
of complex objects, taking into account contact interaction 
are developed. The feature of the problem statement is that 
the solution of contact problems under certain conditions 
linearly depends on the load. The patterns of contact pres-
sure distribution are determined. It is concentrated in the 
areas of constant shape and size. Only the scale of contact 
pressure distribution varies.

This gives an opportunity to significantly accelerate de-
sign studies of die tooling while preserving the accuracy of 
numerical modeling of the stress-strain state.

The developed approach involves a combination of ad-
vantages of numerical and analytical models and methods for 
analyzing the stress-strain state of elements of shearing dies, 
taking into account contact interaction. This concerns the 
possibility to solve problems for a system of complex-shaped 
contacting bodies, which is impossible with the use of ana-
lytical models. On the other hand, the possibility of scaling 
the solutions of these problems with the stamping force is 

substantiated, which is generally not performed for nonlinear 
contact problems. So, it is sufficient to solve the problem 
of determining the strain-strain state of elements of such  
a shearing die. For the other value of stamping force, the pro-
portionality rule is applied. Thus, the efficiency of research 
sharply increases and high accuracy of the obtained results 
is ensured.

Keywords: contact interaction, shearing die, stress-strain 
state, contact pressure.

References

1.	 Johnson, K. L. (1985). Contact Mechanics. Cambridge 
University Press, 462. doi: https://doi.org/10.1017/
cbo9781139171731 

2.	 Zayarnenko, E. I., Tkachuk, N. A., Tkachuk, A. V. (1990). 
Raschety na prochnost’ vyrubnyh matrits i puanson-ma-
trits dlya listovoy shtampovki. Kuznechno-shtampovochnoe 
proizvodstvo, 12, 18–21.

3.	 Martynyak, R. M., Slobodyan, B. S. (2009). Contact of 
elastic half spaces in the presence of an elliptic gap filled 
with liquid. Materials Science, 45 (1), 66–71. doi: https:// 
doi.org/10.1007/s11003-009-9156-9 

4.	 Hlavacek, I., Haslinger, J., Necas, J., Lovisek, J. (1988). Solu-
tion of Variational Inequalities in Mechanics. Springer, 327. 
doi: https://doi.org/10.1007/978-1-4612-1048-1 

5.	 Kalker, J. J. (1977). Variational Principles of Contact Elas-
tostatics. IMA Journal of Applied Mathematics, 20 (2), 
199–219. doi: https://doi.org/10.1093/imamat/20.2.199 

6.	 Pohrt, R., Popov, V. L. (2013). Contact stiffness of random-
ly rough surfaces. Scientific Reports, 3 (1). doi: https:// 
doi.org/10.1038/srep03293 

7.	 Slobodyan, B. S., Lyashenko, B. A., Malanchuk, N. I., 
Marchuk, V. E., Martynyak, R. M. (2016). Modeling of 
Contact Interaction of Periodically Textured Bodies with 
Regard for Frictional Slip. Journal of Mathematical Scien
ces, 215 (1), 110–120. doi: https://doi.org/10.1007/s10958-
016-2826-x 

8.	 Popov, V. L., Pohrt, R., Li, Q. (2017). Strength of adhe-
sive contacts: Influence of contact geometry and material 
gradients. Friction, 5 (3), 308–325. doi: https://doi.org/ 
10.1007/s40544-017-0177-3 

9.	 Li, Q., Popov, V. L. (2018). Adhesive force of flat indenters 
with brush-structure. Facta Universitatis, Series: Mechani-
cal Engineering, 16 (1), 1–8. doi: https://doi.org/10.22190/
fume171220005l 

10.	Pastewka, L., Robbins, M. O. (2016). Contact area of rough 
spheres: Large scale simulations and simple scaling laws. 
Applied Physics Letters, 108 (22), 221601. doi: https:// 
doi.org/10.1063/1.4950802 

11.	 Zhao, J., Vollebregt, E. A. H., Oosterlee, C. W. (2016). Ex-
tending the BEM for elastic contact problems beyond the 
half-space approach. Mathematical Modelling and Analysis, 
21 (1), 119–141. doi: https://doi.org/10.3846/13926292. 
2016.1138418 

12.	 Popov, V. L., Pohrt, R., Li, Q. (2017). Strength of adhe-
sive contacts: Influence of contact geometry and material 
gradients. Friction, 5 (3), 308–325. doi: https://doi.org/ 
10.1007/s40544-017-0177-3 

13.	Ciavarella, M., Papangelo, A. (2017). A random process 
asperity model for adhesion between rough surfaces. Journal 

65

Abstract and References. Applied mechanics

ABSTRACT AND REFERENCES

APPLIED MECHANICS



of Adhesion Science and Technology, 31 (22), 2445–2467.  
doi: https://doi.org/10.1080/01694243.2017.1304856 

14.	 Ciavarella, M., Papangelo, A. (2017). A modified form of 
Pastewka–Robbins criterion for adhesion. The Journal of 
Adhesion, 94 (2), 155–165. doi: https://doi.org/10.1080/ 
00218464.2017.1292139 

15.	Ciavarella, M. (2015). Adhesive rough contacts near 
complete contact. International Journal of Mechanical  
Sciences, 104, 104–111. doi: https://doi.org/10.1016/ 
j.ijmecsci.2015.10.005 

16.	Papangelo, A., Hoffmann, N., Ciavarella, M. (2017). Load-
separation curves for the contact of self-affine rough surfac-
es. Scientific Reports, 7 (1). doi: https://doi.org/10.1038/
s41598-017-07234-4 

17.	 Tkachuk, M. M., Skripchenko, N., Tkachuk, M. A., Grabovs-
kiy, A. (2018). Numerical methods for contact analysis of 
complex-shaped bodies with account for non-linear interface 
layers. Eastern-European Journal of Enterprise Technolo
gies, 5 (7 (95)), 22–31. doi: https://doi.org/10.15587/ 
1729-4061.2018.143193 

18.	Tkachuk, M. (2018). A numerical method for axisymmet-
ric adhesive contact based on kalker’s variational prin-
ciple. Eastern-European Journal of Enterprise Techno
logies, 3 (7 (93)), 34–41. doi: https://doi.org/10.15587/ 
1729-4061.2018.132076 

19.	Linder, C., Tkachuk, M., Miehe, C. (2011). A micromechani-
cally motivated diffusion-based transient network model and 
its incorporation into finite rubber viscoelasticity. Journal of 
the Mechanics and Physics of Solids, 59 (10), 2134–2156. 
doi: https://doi.org/10.1016/j.jmps.2011.05.005 

20.	Tkachuk, M., Linder, C. (2012). The maximal advance 
path constraint for the homogenization of materials with 
random network microstructure. Philosophical Magazine,  
92 (22), 2779–2808. doi: https://doi.org/10.1080/14786435. 
2012.675090 

21.	 Pastewka, L., Prodanov, N., Lorenz, B., M ser, M. H., Rob-
bins, M. O., Persson, B. N. J. (2013). Finite-size scaling in the 
interfacial stiffness of rough elastic contacts. Physical Review 
E, 87 (6). doi: https://doi.org/10.1103/physreve.87.062809 

22.	Hu, F., Shi, G., Shi, Y. (2018). Constitutive model for 
full-range elasto-plastic behavior of structural steels with 
yield plateau: Formulation and implementation. Engineering 
Structures, 171, 1059–1070. doi: https://doi.org/10.1016/ 
j.engstruct.2016.02.037 

23.	 Atroshenko, O., Bondarenko, O., Ustinenko, O., Tkachuk, M.,  
Diomina, N. (2016). A numerical analysis of non-linear con-
tact tasks for the system of plates with a bolted connection 
and a clearance in the fixture. Eastern-European Journal of 
Enterprise Technologies, 1 (7 (79)), 24–29. doi: https://
doi.org/10.15587/1729-4061.2016.60087 

24.	Atroshenko, O., Tkachuk, M. A., Martynenko, O., Tka-
chuk, M. M., Saverska, M., Hrechka, I., Khovanskyi, S. 
(2019). The study of multicomponent loading effect on thin
walled structures with bolted connections. Eastern-Euro-
pean Journal of Enterprise Technologies, 1 (7 (97)), 15–25.  
doi: https://doi.org/10.15587/1729-4061.2019.154378 

25.	Hoang, V.-L., Jaspart, J.-P., Tran, X.-H., Demonceau, J.-F. 
(2015). Elastic behaviour of bolted connection between cy-
lindrical steel structure and concrete foundation. Journal of 
Constructional Steel Research, 115, 131–147. doi: https://
doi.org/10.1016/j.jcsr.2015.08.024 

26.	Mohammed, H., Kennedy, J. B. (2009). Fatigue Resistance of 
Corrugated Steel Sheets Bolted Lap Joints under Flexture. 
Practice Periodical on Structural Design and Construc-

tion, 14 (4), 242–245. doi: https://doi.org/10.1061/(asce)
sc.1943-5576.0000021 

27.	Tang, G., Yin, L., Guo, X., Cui, J. (2015). Finite element ana
lysis and experimental research on mechanical performance 
of bolt connections of corrugated steel plates. International 
Journal of Steel Structures, 15 (1), 193–204. doi: https://
doi.org/10.1007/s13296-015-3014-4 

28.	Tkachuk, М. А., Ishchenko, O. A., Diomina, N. A., Tka-
chuk, M. M., Grabovskiy, A. V., Shemanska, V. V., Vasilchen-
ko, D. R. (2018). Contact interaction elements stamping 
tool. Visnyk NTU «KhPI», 41 (1317), 67–76.

29.	Tkachuk, M., Bondarenko, M., Grabovskiy, A., Sheychen-
ko, R., Graborov, R., Posohov, V. et. al. (2018). Thin
walled structures: analysis of the stressed-strained state 
and parameter validation. Eastern-European Journal of 
Enterprise Technologies, 1 (7 (91)), 18–29. doi: https:// 
doi.org/10.15587/1729-4061.2018.120547 

30.	Vollebregt, E., Segal, G. (2014). Solving conformal wheel-
rail rolling contact problems. Vehicle System Dynam-
ics, 52 (sup1), 455–468. doi: https://doi.org/10.1080/ 
00423114.2014.906634 

31.	Tarasov, A. F., Korotkiy, S. A. (2010). Modelling of dividing 
operations on the basis of degree material’s plasticity re-
source use estimation in the environment of finite-element 
analysis system ABAQUS. Novi materialy ta tekhnolohiyi  
v metalurhiyi ta mashynobuduvanni, 1, 114–117.

32.	Movshovich, I. Ya., Frolov, E. A., Bondar’, O. V. et. al. (2013). 
Issledovanie parametrov tochnosti sborki universal’no-sbor-
noy perenalazhivaemoy osnastki. Kuznechno-shtampo-
vochnoe proizvodstvo. Obrabotka materialov davleniem,  
5, 17–21.

33.	Oujebbour, F.-Z., Habbal, A., Ellaia, R., Zhao, Z. (2014). 
Multicriteria shape design of a sheet contour in stamping. 
Journal of Computational Design and Engineering, 1 (3), 
187–193. doi: https://doi.org/10.7315/jcde.2014.018 

34.	 Washizu, K. (1982). Variational Methods in Elasticity & Plas
ticity. Oxford – New York. Pergamon Press, 630. 

35.	Ishchenko, O., Tkachuk, М., Grabovskіy, A., Tkachuk, М., 
Skripchenko, N., Meretska, K. (2018). Contact interaction of 
elements separate stamps: models, legislation, criteria of de-
sign solutions. Mekhanika ta mashynobuduvannia, 1, 47–59.

DOI: 10.15587/1729-4061.2019.174494
STUDYING THE QUALITY OF DRILL PIPES 
CLAMPED IN A WEDGE CLAMP (p. 16–21)

Emin Musa Afandiyev
Azerbaijan State University  

of Economics (UNEC), Baku, Azerbaijan
ORCID: http://orcid.org/0000-0002-8676-7194

Mahammadali Nuraddin Nuriyev
Azerbaijan State University  

of Economics (UNEC), Baku, Azerbaijan
ORCID: http://orcid.org/0000-0002-6729-4627 

Much attention has been recently paid to institutional 
measures aimed at improving quality of products related to 
petroleum machine building, in particular, the implementa-
tion of quality management systems based on the ISO stan-
dards of series 9000 [1]. However, technological methods of 
quality assurance have not been less important. 

The paper considers the factors influencing the quality of 
a cylindrical thin-walled component during operation. The 
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most significant factors are the efforts to which the compo-
nent us exposed when it is captured by a clamping mechanism.

We have performed experiments into the effects of loads 
on a clamped component. The aim of these experiments was 
to establish the impact of various factors on stresses and de-
formations of cylindrical thin-walled components. The main 
factors, in addition to the applied forces, are the capturing 
angle of the clamping element, the length of its contact with a 
part, load distribution over the teeth of the clamping element.

Given the development of deep drilling and an increase 
in loads acting on the wedge clamps, the requirements to 
their gripping capacity become stricter. Insufficient gripping 
capacity of the wedge clamp could cause damage to a pipe at 
the place it is clamped by wedges.

In this case, clamping efforts act in the same region of  
a pipe, forming a thinned neck at long operation. The result of 
such damage is a premature failure of a drill pipe’s operation 
and the risk of an emergency.

Significant impact on the gripping capacity of a wedge 
clamp is exerted by the elements of its design. Of importance 
is also the stressed state of a drill pipe clamped by a wedge 
clamp. We have calculated the optimal geometrical characte
ristics for clamping jaws. The best indicators were demonstra
ted by the grooved jaws with oblique intersecting notch. We 
have considered the load distribution over the teeth of clamp-
ing jaws. It has been shown that the optimal load distribution 
over the teeth is provided by jaws with oblique intersecting 
notch. In this case, tooth 1 accounts for 26 % of the load, tooth 
2–22 %, tooth 3–19 %, tooth 4–17 %, tooth 5–16 %.

The results obtained in the course of our research would 
make it possible to introduce such modifications to the de-
sign of clamping devices that could significantly improve 
their gripping capacity and reduce the risk of accidents.

Keywords: drill pipes, wedge clamp, load, stresses and 
deformations, gripping capacity.
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Chassis is a very important part of the vehicle, where the 
whole body of the vehicle is built. All vehicle external loads 
include their own weight supported by the chassis. Chassis 
design and analysis play an important role in making a vehicle. 
To find out the phenomenon of Formula Student Car, Autodesk 
Inventor simulation was made with variations in roll hoop 
length and static loading of 9, 6 and 5 kN. The chassis material 
is carbon steel which has a value of mechanical properties that 
meet regulatory standards. The results obtained in this study 
are the relationship between the main roll hoop length and 
normal stress and deflection is the same, the greater the value of 
the main roll hoop length, the greater the value of normal stress 
and deflection. The relationship between the main roll hoop 
length and normal stress is the greater the value of the main 
roll hoop length, the greater the normal stress value. While the 
relationship between the main roll hoop length and shear stress 
is the greater the value of the main roll hoop length, the lower 
the T-x shear stress value. The relationship between the main 
roll hoop length and normal stress and T-y shear stress is the 
same, namely the greater the value of the main roll hoop length, 
the higher the value of normal stress and shear stress T-y. The 
relationship between the main roll hoop length and normal 
stress is the greater the value of the main roll hoop length, the 
higher the normal stress and torsional value. Test results of nor-
mal stress, shear and torsional stress show that the chassis type 
B with a roll hoop height of 504 mm and the main roll hoop 
length of 125 mm meets the requirements.

Keywords: chassis, chassis design and analysis, Autodesk 
Inventor simulation, variation of roll hoop length, mechanical 
properties.
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A hydraulic drive with two hydraulic cylinders was 
considered in which the rod movement speeds are synchro-
nized by a divider of the working fluid flow. Based on the 
developed mathematical model, operation of synchronized 
hydraulic cylinders in transient operating conditions with  
a sudden change of load on one of the hydraulic cylinders 
was calculated. Speeds of movement of the hydraulic cylinder 
rods and pressures in the inter-throttle chambers of the flow 
divider were determined. It was established that there were 
variations of pressure in the inter-chamber chambers of the 
flow divider in the transient conditions of operation of the 
drive caused by a sudden change of load on the hydraulic cyl-
inders and, as a result, an error of synchronization of speed of 
movement of the cylinders rods appeared at the initial stage. 
Relative pressure differential in the inter-throttle chambers 
reached 1 and the relative difference of speeds of movement 
reached 0.43. To improve accuracy of synchronization of hy-
draulic motor movement, a flow divider was proposed with 
an additional feedback in the pressure differential in the in-
ter-throttle chambers of the divider. The additional feedback 
was realized through the use of a double-slotted throttling 
distributor of the spool-valve type. Proceeding from the con-
ditions of a minimum synchronization error, the necessary 
dependence of change of area of the working slot of the con-
trolled throttles was determined and recommendations on 
profiling the working slots of the spool throttle were given.

It was established by calculation and confirmed expe
rimentally that the use of controlled throttles reduces the 
error of synchronization of speed of movement of the cylinder 
rods to 0.27 and the pressure differential in the inter-throttle 
chambers of the flow divider to 0.53.

Harmonics of higher order occurred in a transient process 
for speed and pressure. They were caused by movement of the 
spool valve of the double-slot distributor.

Presence of harmonics of higher order in variations of 
pressure and velocity did not significantly affect operation 
of hydraulic motors since amplitude of these variations was 
negligible.

Reduction of the speed synchronization error is due to 
simultaneous change of area of the throttle which stabilizes 
pressure differential and the area of the controlled throttle.

Keywords: flow divider, hydraulic motor, spool valve, 
throttling distributor, synchronization, transient process.
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The method and results of the analysis of the influence 
of the inter-wheel differentials design and the corresponding 
proportionality factors for the additional locking torque on 
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the curved motion resistance of the four-wheel drive vehicle 
on paved roads are given. This allows choosing the most 
suitable designs for the parametric synthesis of the internally 
automated inter-wheel differential taking into account the 
results of studying the efficiency of different types of in-
ter-wheel differentials under off-road conditions. Parametric 
optimization will allow synthesizing the internally automa
ted inter-wheel differential, which would satisfy the require-
ments both to the vehicle cross-country ability and dynamics 
while not preventing the curved motion.

In the process of modeling, the influence of the design and 
parameters of the inter-wheel differentials on power consump-
tion in the motion with the given speed and trajectory, as well 
as on the actual turning radius of the vehicle, was estimated.

According to the modeling results, it is concluded that 
it is possible to create a permanent internally automated in-
ter-wheel differential based on differentials, in which locking 
degree depends on the squared difference in angular velocities 
of the semiaxles. For this, it is necessary to carry out optimiza-
tion with respect to the proportionality factor of the locking 
torque, taking into account the limitations set forth in the work 
and using the described method of analyzing the influence of 
the inter-wheel differentials design on turning resistance.

This will allow the effective operation of military and ci
vil four-wheel drive vehicles both in difficult road conditions 
and on paved roads. In addition, the process of driving will 
not distract the driver to control the inter-wheel differen-
tials, and the transmission will be performed without undue 
design complications.

Keywords: inter-wheel differential, limited-slip differen-
tial, locking torque, power efficiency, handling.
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The magnitudes for spreading efforts have been deter-
mined, which act on feed rollers and represent one of the 
most important factors in determining the power consumed 
by feed rollers, strength conditions of blade rollers and, most 
significantly, maintaining quality of the processed material. 
It is a relevant task to construct effective cleaners for raw 
cotton, aimed at enhancing the cleaning effect at minimal 
number of cleaning machines.

The stages in interaction between a pin and the surface of 
a fibrous material have been investigated – from the moment 
a pin touches the undeformed layer surface to deformation 
limit value W(0) at the point prior to the pin penetrating the 
material.

In contrast to earlier proposed solutions that considered 
deforming the layer by conditional, round-shaped, rollers, 
and raw cotton as a one-dimensional deformed material, 
which is matched in the theory of elasticity with a material 
whose Poisson’s coefficient is ν = 0, it has been proposed in 
the reported scheme to describe, under the same condition 
for a flow continuity, the deformation of raw cotton by blade 
rollers using the methods of contact problems from the 
theory of elasticity. The total capacity, used or received by 
a feed roller, can be determined from the matrix equation. 
The result of the study established that, provided cotton is 
an absolutely elastic medium, then the entire energy of layer 
compaction would be returned to the roller and the total 
consumption of energy by blades over a cycle of deformation 
would equal zero. If cotton is considered to be plastic, then, 
at ji = π/2, the blade would abandon the layer and the accu-
mulated energy would not be returned to blades.

Results from calculating power used by the roller are 
given in the form of charts (at a mean angular velocity value 
of wav = 1.047 s–1). The results reported here imply the power 
consumed by the roller for the axial transportation of a cot-
ton layer. 

Addressing these issues would make it possible to find the 
optimal magnitudes for structural elements of feed rollers’ 
blades at cleaners of raw cotton from fine debris.

Keywords: fibrous material, fine debris, feed rollers, pin 
rollers, layer deformation.
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To create effective mobile robot manipulators, a func-
tion-oriented element base is proposed. Element base se-
lection is based on the analysis of schematics of mobile 
robot manipulators. It is substantiated that the effective 
schematics of manipulators are parallel link mechanisms. 
A rational structural scheme was adopted as a mechanism 
having six rods of variable length (hexapod). The schemes of 
mobile robot manipulators with different numbers and types 
of combined rod supports are considered. It is proved that 
the same type of element base in the form of spherical hinges 
can be used to implement a variety of schemes. Different 
embodiments of schematics of manipulators designed on the 
proposed function-oriented element base are considered. The 
basic requirements for the element base of mobile robot ma-
nipulators are defined. It is shown that the requirements are 
provided by the function-oriented element base on the basis 
of different hydrostatic or aerostatic hinges.

A series of variants of schematics and design solutions 
of regulated spherical hydrostatic and aerostatic hinges are 
proposed. The hydrostatic spherical hinge, which includes 
an accurate ceramic (boron carbide) ball has high precision 
characteristics. Technological approbation of this schematic 
is conducted by manufacturing a production prototype.

The regulated hydrostatic hinge is equipped with 
a mechatronic system for determining the spatial position 
of the sphere. This design solution allows you to adjust the 
position of the hinge sphere within the diametric clearance.

The combined aerostatic-hydrostatic support unit aggre-
gated with manipulator drives is proposed. The unit has a jet 
system for adjusting the support reactions of the aerostatic-
hydrostatic supports of the spherical hinge. Technological 
testing of the developed device is carried out.

In order to increase the efficiency of the proposed ele-
ment base, special algorithms for controlling the position 
of the spherical manipulator hinges are developed. The 
algorithms are based on the mathematical modeling of dy-
namic processes in hinge devices. The algorithms include 
the implementation of spatial polyharmonic displacements 
of the sphere with the purposeful selection of the direction 
of the resulting displacements, which provides the necessary 
accuracy and speed of the process of adjusting the position of 
the manipulator.

Keywords: mobile robots, manipulator schemes, hydro-
static hinges, aerostatic supports, control algorithms.
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