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Hydrotransport equipment of mining and processing plants has 
low operational reliability, insufficient service life due to intense hy-
droabrasive wear of the working surfaces of pipelines and pumping  
equipment, design flaws of some ground pump units and their ope-
ration. Significant hydroabrasive wear of the main structural ele-
ment of the ground pump – impeller, causes additional disturbing 
dynamic forces, which leads to increased vibration of the unit and, 
therefore, to its premature failure. To date, insufficient attention 
has been paid to the impact of hydroabrasive wear of the impeller of 
ground pumps on the service life of their plants.

The analysis of manifestation of cavitation wear of parts of the 
ground pump flow part is carried out, measures to reduce cavitation 
due to favorable conditions for the liquid flow into the pump and 
to reduce the vacuum gauge suction lift are outlined. A number of 
technological and constructive solutions are also proposed to reduce 
the harmful effects of cavitation.

Materials for manufacturing parts of a centrifugal ground pump 
with high performance and service life are selected and analyzed. 
These alloys showed high corrosion resistance due to high chromium 
content.

The ways of improving the design of centrifugal ground pump 
parts are outlined, which allows increasing the service life, creating 
an automated system for diagnosing the state of the structure as  
a whole.

Keywords: ground pump, impeller, armored disk, hydroabrasive 
wear, throttling, measuring stand.
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To increase the efficiency of gas-lift oil and gas production, it is 
necessary to improve the operation of compressor stations, namely, 
to increase the reliability of the gas-motor piston compressor units 
installed in them. It is found that one of the vulnerable units affect-
ing the reliability and efficiency of the gas-motor piston compressor 
are direct-flow self-acting valves.

In the process of preparing gas for transportation, as well as to 
ensure the reliability and efficiency of the entire production process, 
it is necessary to eliminate all gas leaks, prevent liquid hydrocarbon 
components and solids from entering the valve plates.

To solve this problem, associated petroleum gas must be cleaned 
from solids, heavy hydrocarbon components and moisture. To 
this end, it is recommended to install an additional new design 
horizontal gas separator on the suction line of gas-motor piston  
compressors.

The usefulness and importance of the new gas separator lie in  
a more efficient cleaning of associated petroleum gas supplied to the 
suction of the 1st stage compressor cylinders, which improves com-
pressor performance, minimizing the leakage of valve plates.

The new design separator is used to clean gas from coarse and 
fine-grained dropping liquid, partially liquid in the vapor-phase state 

and solids. The new separator can also be used in various sectors of 
the oil and gas industry.

The purpose of installing a new gas separator is to increase the 
efficiency of gas cleaning from liquid and solid impurities.

Keywords: separator, valve plates, tightness, oil, gas, gas lift, 
gas-motor piston compressor.
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This paper has suggested a procedure to analyze durability of 
supporting shafts in eccentric mechanisms based on finite-element 
modeling. When conducting the analysis, the steady movement of 
the mechanism is investigated. The analysis of durability is based 
on the model of additive accumulation of damage. The shaft stress 
assessment is carried out based on the finite-element modeling 
of the mechanism that operates under a steady mode at working 
frequencies that are closest to the critical ones. Following the de-
tection of stress concentrators and the most stressed shaft regions, 
an analysis of the characteristic cycle of loading is performed. After 
reducing a loading cycle to a series of symmetric cycles, the shaft 
damage assessment at each cycle is performed and its resource  
is estimated.

Based on the proposed method, we have analyzed durability 
of a carrier shaft in the centrifugal-gyratory ore mill of link type.  
A simplified estimated model has been built based on the mecha-
nical model in order to improve efficiency and performance of the 
finite-element calculation. The model of ore movement in grinding 
chambers under a steady motion mode has been proposed. We have 
built the Campbell’s diagrams for oscillations of the system and have 
established that the mill’s mechanism is not part of the resonance 
at the working frequency of excitation. The region of mechanical 
stresses concentration and the region of maximal mechanical stresses 
in the mill shaft have been identified. The shaft operating conditions 
have been analyzed and a value for the shaft material’s endurance 
limit in the zone of greatest stresses has been calculated. We have 
built a characteristic cycle of the mill shaft loading under a steady 
mode of operation, which consists of 16 sections. Each section has 
been reduced to a symmetric cycle, which has made it possible to 
calculate shaft damage at each section of the cycle and over the 
entire load cycle in general. Application of the additive damage ac-
cumulation procedure has made it possible to estimate the resource 
of a mill shaft. The proposed methodology for estimating durability 
of the carrier shaft could be used to analyze the resource of various 
mining and processing mechanisms, light industry equipment, and 
vibration generators.

Keywords: eccentric mechanism, multicycle fatigue, finite-ele-
ment analysis, dynamic loads, Campbell diagram.
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A method for geometric modeling of the contours of the suction 
and the pressure side profiles of axial turbomachine blades described 
by compound curves and formed by two sections has been pro-
posed. Each section of the profile contour was modeled by a curve 
described in a natural parameterization. The cubic law of curvature 
distribution was applied to the leading sections of the profile and 
square law was used for the trailing section. Juncture of the leading 
and trailing sections of the profiles of the suction and the pressure 
side was provided with smoothness of the third order which assumes 
equality of values of functions, function derivatives, curvature and 
curvature derivatives in the junction point. When modeling the 
blade profile, thirteen kinematic and geometric parameters were 
used. Unknown coefficients of the square and cubic laws of distri-
bution as well as lengths of the profile arcs of the suction and the 

pressure side sections were determined in the process of modeling 
the profile cascade for specified parameters. The problem was solved 
by minimizing deviations of the plotted curves from the reference 
points of the modeled profile located in the throat of the blade 
channel and on the circle, which determines maximum thickness  
of the profile.

Based on the proposed method, a program code was developed 
which in addition to the digital information on the modeled tur-
bomachine blade profile displays the results in a graphical form on  
a computer screen. The calculation studies confirmed feasibility 
of the proposed advanced method of modeling the suction and the 
pressure side profiles of axial turbine blades. The developed method 
can be useful in organizations engaged in the design and manufacture 
of blades of axial gas turbines of gas turbine engines.

Keywords: axial turbine, blade profile, geometric modeling, 
natural parameterization, curvature distribution laws.
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The research focuses on solving the problems, related to model-
ing the second-order surfaces (quadrics), the determinant of which 

includes tangent cones. All research was performed by the paradigm 
of using constructive methods of creation of algorithms. This is 
caused by the fact that there is a possibility to rely on a significant 
number of basic geometric tasks implemented in the DSS.

The problem of modeling of quadrics by tangent cones is rel-
evant because there are at least its two important applications. 
The first is the construction of the surfaces by its contour line on 
perspective images. In this case, the point of view and the perspec-
tive contour line assign the enveloping cone, which in the case of  
quadrics coincides with the tangent cone. Such problems are solved 
in the context of problems of technical aesthetics and architectural 
design. 

The second application is found in the problems of construct-
ing the quadrics that are conjugated by the assigned curves or in 
the problems of conjugation of two quadrics by the third one. The 
problem of conjugation of surfaces is of wide practical significance, 
which is proved by the interest of users and developers of computer 
modeling systems.

Within the framework of this research, the existing theoretical 
geometric properties for modeling the quadrics, the determinant of 
which includes tangent cones, were accumulated, and a series of new 
geometric properties were found. 

We developed the method, by which through assigning the 
contact line on one cone, there is a possibility to find a contact line 
on the second cone, as well as to find the center of the quadric in-
scribed in these two cones. An alternative method for modeling the 
described surfaces was also proposed. In this way, the cross-sections 
of all quadrics, tangent to two cones, are inscribed in quadrangu-
lars, the vertices of which belong to the lines of the intersection 
of the assigned cones. Based of structural geometric research, 
the algorithms for computer realization of problems of modeling 
objects by their contour lines on their perspective images were  
developed.

The research results in the form of the theoretical calculations 
and examples of their application show the effectiveness of the 
proposed algorithms. The described approach to the solution of the 
stated tasks makes it possible to extend the possibilities of existing 
computer systems in their being applied in the work of designers and 
greatly simplify the process of the creation of actual objects.

Keywords: quadric, tangent cones, surface determinant, contact 
line, perspective image, conjugation of surfaces.
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The possibilities of using an energy method to forecast defect 
formation in the form of shrinkage depression in the combined 
extrusion processes have been investigated. We have proposed  
a mathematical model of the combined radial-backward extrusion 
process of hollow details with a flange, taking into consideration 
the degeneration of the trapezoidal module into a rectangular one. 
Separate stages in the deformation process have been defined, de-
pending on the magnitude of the active tool stroke compared with 
the thickness of the bottom of the cup. We have devised a generalized 
estimation scheme for the process of combined radial-backward ex-
trusion of parts with a flange taking into consideration the final stage 
of deformation (Hbottom<h1). The magnitude of the reduced pressure 
of deformation has been derived as a function of the geometric, 
technological, and kinematic parameters of the extrusion process.  
A role of the kinematic parameter of the process belongs to a relative 
speed of metal flow in the vertical direction (filling the cup’s wall at 
the inverse flow of metal). The magnitude for the reduced pressure 
of deformation has been optimized based on this parameter. We 
have analyzed the character of change in the optimum magnitude of  
a relative speed of metal flow in the vertical direction in the course 
of the process. The differences have been established in the derived 
dependences of a given kinematic parameter for the process with the 
formation of shrinkage depression in the bottom part of a component 
and without defect formation.

It has been substantiated that the use of combined extrusion 
in the manufacture of hollow parts with a flange, when compared 
with the application of simple schemes of deformation, improves 
the technological capabilities of the process. We have proven that 
the technologies for introducing combined extrusion had not been 
sufficiently studied and there is a lack of recommendations on pre-
dicting the formation of a defect in the form of shrinkage depression. 
The estimation scheme has been proposed for the radial-back-
ward extrusion process, taking into consideration the emergence 
of shrinkage depression at the final stage of deformation. We have 
modeled the process of combined extrusion of hollow parts with  
a flange and established the influence of friction conditions on the 
time of the emergence of shrinkage depression in the bottom part of  
a component.

It has been confirmed that the proposed generalized estimation 
scheme makes it possible to predicting the occurrence of a defect in 
the form of shrinkage depression at all stages and under different 
technological conditions for a deformation process. Obtaining a pre-
liminary assessment, based on it, of possible defect formation would 
facilitate the development of appropriate technological recommen-
dations to avoid defects of this type.

Keywords: combined extrusion, energy method, parts with a 
flange, defect formation, shrinkage depression, deformation process.
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A new technology for predicting chatter in turning, based on 
simulation of the cutting process in time and frequency domains 
using the Nyquist diagram has been developed. The cutting process 
is presented as carried out in an elastic closed-loop technological 
machining system (TMS), taking into account the machining «by 
trace». The dynamic model is represented as two-degrees-of-freedom 
system in the direction of the longitudinal and transverse axes of 
coordinates. The mathematical model is built in accordance with the 
system approach, in the form of a block diagram of the connection of 
elements with transfer functions according to Laplace, is non-linear 
and has a fourth order. Therefore, the simulation is performed nu-
merically using the fourth-order Runge-Kutta procedure. It is shown 
that when studying chatter, three groups of factors should be taken 
into account: tool geometry, dynamic parameters and cutting mode, 
which should be represented as an analogue of the material removal 
rate. The dynamic parameters of the system are obtained by process-
ing the experimental weight characteristics obtained by striking the 
system with a special hammer. An application program that allows 
simulation of the process of regenerative oscillations occurrence 
in time domain and building the amplitude-phase characteristic of 
TMS in cutting has been created. The application program performs 
modeling based on the source data of the cutting conditions and 
dynamic characteristics of the system. Dynamic characteristics of 
the system are presented in the form of stiffness and frequency of the 
main harmonic along the corresponding coordinate axes. The simula-
tion showed that the results completely coincide with the frequency 
analysis results of the profilogram of the actually machined part that 
allow recommending this technology for predicting and evaluating 
chatter and stability in turning.

Keywords: chatter in machining turning, two-degrees-of-free-
dom dynamic model, delay function.
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When refining steel by blowing powders, the ladle lining ma-
terial plays a serious role. The dependency graphs of the degree of 
desulfurization on the consumption of silicocalcium powder during 
blowing in ladles lined with various materials have been presented. 
It has been noted that the amount of FeO in the slag seriously affects 
the average degree of desulfurization. With a large amount of FeO 

in the slag, the degree of resulfurization is greatly increased. The 
placement plan of the unit for refining the liquid steel in the ladle 
has been illustrated. Simultaneously, for powder blowing, a device 
diagram of the ladle furnace fitted with equipment for blowing 
liquid steel with powders has been presented. In this equipment, 
powder lining can be used and steel blowing with silicocalcium 
based powders can be carried out. The degree of desulfurization is 
also seriously affected by the initial amount of sulfur in the metal 
charge for steelmaking The presence of a roof in the pouring ladles 
improves the conditions for metal blowing, oxidation and metal loss  
are reduced.

It has been observed that the process of refining liquid steel in  
a ladle is complex and depends on many factors. The amount of sulfur 
in the primary metal charge, the lining of the ladle, the composition 
of the powder of the blown material and the technological param-
eters of the blowing are important. The complete desulfurization 
of steel by blowing with powders primarily depends on the initial 
amount of sulfur in the metal. It has been found that there is a linear 
dependence of the final sulfur content on its initial content in steel 
when metal is blown in a ladle with a mixture of 70 % MgO, 20 % 
CaO, and 10 % CaF2. The desulfurization of steel by blowing with 
powders, especially by blowing magnesium and calcium alloys, can 
be significantly affected by ladle lining.

Keywords: ladle lining, powder blowing, desulfurization, resul-
furization, dolomite lining, ladle furnace.
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