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Influence of a number of alloying elements (Nd, Ge, Si, Y, 
Sc, Zr, Ti and Hf) on structure formation, room-temperature 
mechanical properties and high-temperature strength of 
МL5 magnesium alloy have been studied.

Influence of the alloying elements on a shape and size of 
intermetallic compounds has been established. A quantitative 
and qualitative analysis of the intermetallic phase in additio
nally alloyed МL5 have been made, its influence on the struc-
ture, room-temperature mechanical properties and high-tem-
perature strength of magnesium castings has been investigated.

Influence of morphological and topological features of the 
structure constituents of the magnesium alloys on their prop-
erties has been established. It was shown that micro alloying 
of the magnesium alloys within a range of 0.05–0.1 % wt. 
results in an increase of the intermetallic compound volume 
percent by ~ 1.5 times, reducing their size with simultane-
ous formation of spherical intermetallic compounds located 
in the grain centre and serving as additional solidification 
nuclei. It was found out that at the volume fraction of the 
intermetallic compounds within a range of 0.35…0.45 %  
a maximum ductility of the magnesium alloy is attained. Fur-
ther increase of the intermetallic compound amount leads to 
decrease in the ductility due to their excessive precipitation 
and greater strengthening of the metal.

Introduction of the studied magnesium alloys ensures  
a higher level of room-temperature mechanical properties 
and a high-temperature strength of the castings that makes 
them a good candidate material to be used in newly deve
loped machines and assemblies.

Keywords: magnesium alloy, alloying elements, struc-
ture, intermetallic compounds, mechanical properties, high- 
temperature strength.
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Determination of rational roughnes of 
the side surface of the rail top in curved 
sections of the underground railway 
track (p. 11–17)

Serhii Voronin, Oleksii Skoryk, Yevhen Korostelov

This work provides a series of studies are aimed at deter-
mining the forces acting in the contact «wheel-rail» in curvi-
linear sections of the underground railway track. 

To define the dependence of the friction coefficient on 
the parameters of microgeometry of contact surfaces, the 
technique of laboratory tests on a friction machine was de-
veloped. The laboratory tests were carried out on the friction 
machine by testing specially made models, whose material di-
rectly and size in conversion corresponds to the components 
of the contact «wheel-rail». In order to determine parameters 
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of force impact on model samples, calculation of contact vol
tages, which occur in the real contact under conditions of 
unlubricated friction and their conversion into the «model-
ing» contact were performed.

As a result of testing, rational values of the friction coef-
ficient and wear rate of the contact «wheel-rail’ at unlubri-
cated friction under conditions of contacting in curvilinear 
sections of the underground railway track were defined. 

The obtained values of parameters of microgeometry of 
contacting surfaces under conditions of their practical imple-
mentation can significantly reduce the wear rate in the contact 
«wheel-rail» in curvilinear sections of the underground railway 
track. In turn, the decrease in wear rate will lead to the decrease 
in costs on maintenance of the underground railway track.

Keywords: contact voltages, model samples, rational 
roughness, «wheel-rail», underground railway track. 
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Viscosity evaluation of the mixture 
of coal tars from collection main 
and primary cooler on the base of 
rheometer measurements and empirical 
formulas (p. 17–23)

Alexander Pasternak, Leonid Bannikov, Anna Smirnova

Viscosity of heavy and light coal tars from the coking 
process of coal blends with a decreasing portion of Ukrainian 
coal was measured. In addition, measurement of viscosity 
of mixtures of coal tar was carried out. Concentration of 
mixture met the standards of the regulations of the wash-
ing liquids for gas space of primary cooler. The temperature 
dependence of the viscosity of the tar mixture was evalu-
ated according to some empirical equations. In particular, 
the equations have been used considering deviations from 
the ideal state. The viscosity of the individual samples of 
heavy and light tars was not appropriately investigated. This 
also applies to the temperature dependence. This is common  
practice for coal tar viscosity measurements in Engler units. 
Also, there are no empirical relationships; we cannot predict 
the viscosity of the tar when mixed, as we do for the petro-
leum oil matter. Anomalous decline in viscosity with the ad-
dition of 5–20 % light tar that corresponded to the minimum 
activation energy of viscous flow was revealed experimentally.

Keywords: mixture viscosity, empirical relationship, coal 
tar, gas collecting main, primary cooler.
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Influence of the nature of boundary 
lubricating layers on adhesion 
component of friction coefficient under 
rolling conditions (p. 24–31)

Oksana Mikosyanchyk, Rudolf Mnatsakanov,  
Aleksandr Zaporozhets, Ruslan Kostynik

The patterns of the change in antifriction properties of 
contact due to strength characteristics of boundary films of 
physical and chemisorbed nature were examined. The purpose 
of the study was to establish the influence of lubricating and 
rheological properties of the boundary films, formed on the 
surface layers of metal activated by friction, on the kinetics of 
change in the friction coefficient. The method of estimation 

of tribotechnical properties of contact under non-stationary 
conditions with cutting off the lubricant feed to the friction 
zone was used. Its essence is in determining the period of the 
setting of contact surfaces and registration of lubricating, an-
tifriction and rheological indicators in this period.

An increase in antifriction properties of contact during 
pure rolling was established, owing to localization of tan-
gential shear stresses in the liquid phase of a lubricant film;  
an increase in the friction coefficient is caused by an increase 
in tangential shear stresses of the boundary structured chemi-
sorption films during transition to rolling with slippage. 

The influence of slippage between the contact surfaces 
was analyzed, the increase in which from 3 % to 40 % leads 
to acceleration of the period of occurrence of the first signs of 
the setting, which is manifested by an increase in the adhesive 
component of the friction coefficient during desorption of 
boundary layers. During the setting of friction pairs, an abrupt 
periodic decrease in the friction coefficient was established 
and the manifestation of hydrodynamic effects in contact dur-
ing melting of boundary layers was observed. The results of the 
studies may be used for designing the friction pairs of machines 
and mechanisms, which operate under non-stationary condi-
tions (variable speeds, loads and temperature).

Keywords: friction coefficient, shear stress, effective vis-
cosity, slippage, boundary films of lubricant.
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Determining parameters of electric 
drive of a sleeper-type turnout based 
on electromagnet and linear inductor 
electric motor (p. 32–41)

Serhii Buriakovskyi, Artem Maslii, Andrii Maslii

As a result of the conducted study, we determined 
parameters of the electric drive of a sleeper-type turnout 
based on the linear electromagnetic energy converters. 

By parameters of the electric drive we mean not only the 
design of a linear electric motor, such as diameters of sta-
tor, anchor, their length, the magnitude of air gap, the type 
of coil, but also availability of additional elements. In this 
case — availability of the springs that ensure the required 
force at the motion start. In this case, two variants of the 
linear motors design were considered and various layouts of 
electric drive of a turnout, respectively. In both cases, the 
force from the motor is transmitted directly to the coupling 
rod between the rail points, which makes it possible to ex-
clude such an additional element as the reducer, which has 
a relatively low performance efficiency, additional metal 
consumption and overall size, which also decreases general 
reliability of the device as a whole. The problem of mul-
ticriterion optimization of parameters of electric motors 
was compiled. Geometric dimensions of the drives were 
accepted as the variable parameters. The analysis revealed 
that the best result in the search for global optimum out of 
11 variants were demonstrated by the Weyl method (with 
the mean-square deviation of 680.9N for electromagnet) 
and the method of cyclic minimum (with the mean-square 
deviation of 1052.3N for induction motor). The estimation 
was performed according to results of the optimal (mini-
mal) value of the mean-square deviation of electromagnetic 
force from the resistance force. As the load we used the 
1/22 type of a turnout with the maximum weight of rail 
points for the Р65 rail. The data of the study are necessary 
for creating a new class of electric drives of the turnouts, 
which make it possible to increase the performance effi-
ciency of the device, as well as its performance speed and, 
in doing so, to contribute to fulfillment of the program of 
implementation of high-speed traffic in Ukraine. As a result 
of the studies, it was found that it is expedient to use the 
proposed systems of electromagnetic energy converters as 
the new type of source of mechanical energy in the turnout.

Keywords: turnout, electric drive, linear induction mo-
tor, electromagnet, methods of optimization.
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The impact of an uneven loading of 
a belt conveyor on the loading of drive 
motors and energy consumption in 
transportation (p. 42–51)

Anatoly Semenchenko, Mykola Stadnik, Pavlo Belitsky,  
Dmytro Semenchenko, Olena Stepanenko

The object of the present study is the process of trans-
porting the mined bulk by a belt conveyor during inten-
sive coal mining. The subject of the study is the impact 
of uneven load flow patterns on the energy parameters of 
transportation and the resource of the belt conveyor dur-
ing heavy mining of coal. The aim of the study is to assess 
the impact of the weight of the load that is transported by  
a conveyor belt on the drive motors loading and energy con-
sumption during intensive coal mining. The research is per-
formed through a statistical analysis of experimental results 
obtained by the Dongiprovuglemach institute (Ukraine) 
regarding the load flow and the capacity of the belt 
conveyor 2LU120V used by the mine Dovzhanska-Capi-
tal (Sverdlovsk, Ukraine).

The capacities of drive motors were considered through 
a regression analysis. A correlational and spectral analysis 
was applied to consider the load flow, the load weight, and 
the capacities of the drive motors. The study has speci-
fied the estimated drag coefficient in the movement of the 
conveyor belt under conditions of intensive mining of coal. 
Specific energy consumption for transporting the mined 
bulk by the conveyor was estimated regarding the loading 
of the belt. The work was done to assess the effect of the 
size and type of the load flow and the load weight on energy 
consumption and the resource of the conveyor and to justify 
a further increase of the technical level of belt conveyors. 
The results show substantial irregularities in the load 
flow and the transported load weight, their impact on the 
amount and type of an uneven loading of the drive motors, 
and specific energy consumption for transportation and the 
conveyor resource.

The study has shown that if the loading is small a bigger 
load is imposed on the drive motor that is located in the place 
of the belt running off the drive; if the load in big, a bigger 
load is imposed on the drive motor that is located in the place 
of the belt running onto the drive. The main dispersion of 
the load flow occurs at low frequencies corresponding to the 
duration of the technological cycle of extracting and trans-
porting coal. When the modes of the conveyor operation are 
close to the maximum load of the belt, energy is least of all 
consumed for transporting the load. If the loading is reduced, 
there is a hyperbolic increase in specific energy consumption 
for transportation. The drag coefficient of the conveyor belt 
movement, obtained by the experiment data on the capacity 
value of the idly running conveyor, is significantly higher 
than the value that is suggested by the method of a tech-
nological calculation of the process. This factor should be 
taken into account while determining the capacity of a drive 
and calculating the traction of the machine. The results can 
be used for creating belt conveyors within mining systems 
of an improved technical level for highly efficient intensive  
coal mining.

Keywords: intensification of coal mining, conveyor, load 
flow, load weight, energy consumption.
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Determining experimentally the stress-
strained state in the radial rotary 
method of obtaining wheels rims (p. 52–60)

Ruslan Puzyr, Tetiana Haikova,  
Oleg Trotsko, Roman Argat

Questions of experimental study regarding the stress-
strained state in the radial rotary method of producing the 
steel rims of wheels are examined. The physical simulation of 
the process of profiling the rims is performed on the instal-
lation, designed especially for these purposes. The models 
of the narrow-profile and wide-profile rims of wheels were 
tested. The grids method was applied for conducting the 
experiments. The obtained information was processed by the 
methods of mathematical statistics and probability theory. 
The results of experimental data made it possible to arrive at 
a conclusion about the most dangerous sections of the pro-
files of the rims of wheels, which, in the process of deforma-
tion, obtain compressive radial deformations, which confirms 
the studies conducted previously. The largest deformations 
occur in the places of radius couplings of the profile, deforma-
tions increase from one transition to the next and their total 
magnitude can exceed the permitted by 20 % of the initial 
thickness of the workpiece. No essential difference between 
the two schemes of profiling the rims of wheels was revealed.

Keywords: profiling, wheel rim, plastic deformation, 
stress-strained state, experiment, intensity of stresses, re-
source of plasticity.

References

1.	 Wang, X., Li, L., Deng, L., Jin, J., Hu, Y. (2015). Effect of 
forming parameters on sheet metal stability during a ro-
tary forming process for rim thickening. Journal of Mate-
rials Processing Technology, 223, 262–273. doi: 10.1016/ 
j.jmatprotec.2015.04.009

2.	 Jin, J., Wang, X., Li, L. (2016). A sheet blank rotary forging 
process for disk-like parts with thickened rims. Journal of 
Mechanical Science and Technology, 30 (6), 2723–2729.  
doi: 10.1007/s12206-016-0534-6 

3.	 Bi, D. S., Yang, G., Chu, L., Zhang, J., Wang, Z. H. (2011). 
Numerical Simulation on Spinning Forming Process of 
Automotive Wheel Rim. Materials Science Forum, 704–705,  
1458–1464. doi: 10.4028/www.scientific.net/msf.704-705.1458 

4.	 Dragobeckij, V., Zjukov, А., Konovalenko, A. (2005). Uchet 
vlijanija izmenenija tolshhiny listovoj zagotovki v pro-
cesse deformirovanija. Vіsnik Kremenchuc’kogo derzhavno-
go polіtehnіchnogo unіversitetu: Naukovі pracі KDPU, 2, 
61–62.

5.	 Potekushin, N. (1977). Jeksperimental’noe issledovanie pro-
cessa formoobrazovanija profilirovannyh obod’ev. Avtomo
bil’naja promyshlennost’, 1, 33–36.

6.	 Currie, A. (2000). Finite Element Analysis of an Automo-
tive Wheel. A Case Study, National Conference Publication. 
Australia: Institution of Mechanical Engineers, 16–20.

7.	 Concei o Antonio, C. A., Trigo Barbosa, J., Simas Di-
nis, L. (2000). Optimal design of beam reinforced composite 
structures under elasto-plastic loading conditions. Struc
tural and Multidisciplinary Optimization, 19 (1), 50–63.  
doi: 10.1007/s001580050085 

8.	 Ray, G. S., Sinha, B. K. (1992). Profile optimization of va
riable thickness rotating disc. Computers & Structures, 
42 (5), 809–813. doi: 10.1016/0045-7949(92)90191-2 

9.	 Mori, K., Osakada, K. (1982). Simulation of three dimen
sional rolling by the rigid-plastic finite element method. Nu-
merical methods in industrial forming processes: proc. In-
ternational Conf. Swansea (UK): Pineridge Press, 747–756.

10.	 Kasatkin, B., Kudrin, A., Lobanov, L. (1981). Jeksperimen
tal’nye metody issledovanija deformacij i naprjazhenij. Kyiv: 
Naukova dumka, 583.

11.	 Ogorodnikov, V. A., Grushko, A. V., Gucaljuk, A. V. (2014). 
Vybor kriteriev deformiruemosti pri ocenke ispol’zovannogo 
resursa plastichnosti v processah obrabotki metallov davle-
niem. Vіsnik NTU «HPІ», 43, 127–136.

12.	 Romanovskij, V. (1979). Spravochnik po holodnoj shtam-
povke. Leningrad: Mashinostroenie. Leningrad: otd-nie, 520.

13.	Tret’jakov, A., Zjuzin, V. (1973). Mehanicheskie svojstva 
stalej i splavov pri obrabotke davleniem. Moscow: Metal-
lurgija, 224.

14.	 Glushhenkov, V. (2010). Uprochnenie metallov v obrabotke 
metallov davleniem. Samara: SGAU, 33.

15.	Puzyr, R., Savelov, D., Argat, R., Chernish, А. (2015). Distri-
bution analysis of stresses across the stretching edge of die 
body and bending radius of deforming roll during profiling 
and drawing of cylindrical workpiece. Metallurgical and 
Mining Industry, 1, 27–32.

16.	 Puzyr’, R. (2015). Raschet komponent tenzora naprjazhenij na 
radiuse zakruglenija profilirujushhego rolika pri izgotovlenii 
oboda kolesa. Obrabotka materialov davleniem, 2, 192–195.

17.	 Savelov, D., Dragobetsky, V., Puzyr, R., Markevych, A. (2015). 
Peculiarities of vibrational press dynamics with hard-elastic 
restraints in the working regime of metal powders molding. 
Metallurgical and Mining Industry, 2, 67–75.

66

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 4/1 ( 82 ) 2016


