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The object of research is filling stations, projected for filling 
the upper stage, low-thrust propulsion system of spacecraft. The 
disadvantage of existing designs of filling stations is the use of fil
ling equipment of the outside organization for spacecraft filling. It is 
proposed to standardize the equipment of filling stations for filling of 
spacecraft, upper stages, and low-thrust propulsion systems, which 
makes it possible to extend the service of filling stations and provide 
a cheaper version of spacecraft filling for launching customer without 
additional outside organization. Comparative analysis of factors is 
used to study the possibility of full unification of filling stations. 
These factors determine the filling characteristics of rocket propel-
lant components for spacecraft and upper stages.

These factors are:
–  design features of the propellant systems of spacecraft and 

upper stages;
–  nomenclature of propellant components and compressed gases 

used for spacecraft filling;
–  filling technology;
–  filling equipment.
The obtained results confirmed the almost complete identity of 

technological operations of spacecraft filling and upper stages and the 
equipment used to spacecraft filling, which is the basis for the design 
of standardized and, thus, cheaper filling stations.

Keywords: filling station, propellant component, spacecraft, up-
per stage, unification, propellant tank.
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The design of axisymmetric bodies of complex form, taking into 
account temperature and thermomechanical fields, is the object of 
research. To model these fields need to solve boundary value prob-
lems for differential equations with partial derivatives. Structural 
and regional structural methods are used to solve the boundary value 
problems of thermal conductivity and thermoelasticity.

CAD, meeting modern requirements, should include systems 
based on knowledge. Also, improving the efficiency of CAD is 
achieved thanks to the development of methods of solution of ther-
mal conductivity and thermoelasticity tasks in the bodies of complex 
form. Using created structures, we receive more stable and accurate 
solution of the problem of analysis of thermal and thermomechanical 
fields in the considered objects.

The specialized intelligent system is created. It contains a data-
base of knowledge: a database of geometric forms of designed objects 
and methods of solving of relevant problems; a database of rules 
which allow to automate the choice of method and structure of solu-
tions, equations of boundary of its areas; other information, required 
to increase the degree of automation of computer modelling. Created 
system creates the program on RL language for some programming 
system (PS), which solves the problem. Created system is produc-
tion system.

The pictures of temperature and thermomechanical fields are stu
died with the help of created system in axisymmetric bodies of complex 
form – pistons of internal combustion engine (ICE), homogeneous and 
consisting of composite materials. The impact of insert material, form 
and location on the picture of the temperature and thermomechani-
cal fields in these ICE pistons is researched. These researches help to 
design these objects in order to reduce the temperature in the critical 
points of the object. This improves the thermal regimes in these ob-
jects, increase their strength, reliability and durability.

Keywords: design, modeling, boundary value problems, intel-
ligent system.

References

1.	 Rvachev, V. L. (1982). Teoriia R-funktsii i nekotorye ee prilozheniia. 
Kyiv: Naukova dumka, 551.

2.	 Maksimenko-Sheiko, K. V., Sheiko, T. I. (2008). R-functions in ma
thematical modeling of geometric objects with symmetry. Cybernetics 
and Systems Analysis, 44 (6), 855–862. doi:10.1007/s10559-008-
9061-5

3.	 Shapiro, V. (2007). Semi-analytic geometry with R-functions. Acta 
Numerica, 16, 239–303. doi:10.1017/s096249290631001x

4.	 Varvak, M. S. (2011). Pattern Classification Using Radial Basis Func-
tion Neural Networks Enhanced with the Rvachev Function Me
thod. Lecture Notes in Computer Science, 272–279. doi:10.1007/978-
3-642-25085-9_32

5.	 Litvinova, Yu. S., Maksimenko-Sheiko, K. V., Sheiko, T. I. (2014). Mate
maticheskoe i komp’iuternoe modelirovanie stroitel’nyh konstruktsii 
na osnove R-funktsii. Problemy mashinostroeniia, 17 (3), 12–18.



abstracts and References: Mechanical Engineering Technology

56 Технологічний аудит та резерви виробництва — № 1/1(33), 2017

ISSN 2226-3780

6.	 Nazirov, S. A., Nuraliev, F. M., Anorova, S. A. (2012). Study of Nu-
meric Convergence of the Method of R-functions in Problems of 
Constraint Torsion. American Journal of Computational and Applied 
Mathematics, 2 (4), 189–196. doi:10.5923/j.ajcam.20120204.07

7.	 Rvachev, V. L., Sinekop, N. S. (1986). Osesimmetrichnaia zadacha 
teorii uprugosti dlia neodnorodnogo tsilindra. Prikladnaia mehanika, 
22 (1), 18–23.

8.	 Sinekop, N. S. (1985). Algoritm resheniia zadach termouprugosti 
metodom R-funktsii. Matematicheskie metody v proektirovanii, 10–14.

9.	 Gritsiuk, E. M., Shevchenko, L. P. (1999). Regional’no-analiticheskii 
metod modelirovaniia teplovyh protsessov v porshnia DVS. Vestnik 
KhGPU, 47, 142–144.

10.	 Gritsiuk, E. M. (2001). Modelirovanie termomehanicheskih polei. Avto
matizirovannye sistemy upravleniia i pribory avtomatiki, 117, 161–165.

11.	 Karra, F. O., de Silva, C. W. (2004). Soft Computing and Intelligent 
Systems Design: Theory, Tools and Applications. Addison Wesley, 560.

12.	 Negnevitsky, M. (2011). Artificial Intelligence: A Guide to Intelligent 
Systems. Addison Wesley, 435.

DOI: 10.15587/2312-8372.2017.90520

Investigation of natural oscillations of 
inhomogeneous orthotropic circular plate lying on 
inhomogeneous viscoelastic foundation

page 16–19

Haciyev Vaqif, Doctor of Physical and Mathematical Sciences, Pro-
fessor, Head of Department of Theory of Elasticity and Plasticity, 
Institute of Mathematics and Mechanics, National Academy of Sciences 
of Azerbaijan, Baku, Azerbaijan, е-mail:  vagif.haciyev.imm@gmail,  
ORCID:  http://orcid.org/0000-0002-9766-385X

Shiriyev Aziz, Institute of Mathematics and Mechanics, National 
Academy of Sciences of Azerbaijan, Baku, Azerbaijan, ORCID: http://
orcid.org/0000-0003-4050-5049

In the building of large engineering complexes, bridges and 
overpasses for various purposes and in many other areas the plates 
of widely different configurations are used. These plates are made of 
natural and artificial orthotropic materials. Among them, rectangular 
and circular plates are the most common. According to the above 
mentioned natural oscillations, engineer-designer and calculator 
need to properly assess real property of construction element and the 
influence of the environment, which is in contact during the opera-
tion. Therefore, the object of this study is inhomogeneous circular 
plate lying on inhomogeneous viscoelastic foundations.

It is assumed that the moduli of elasticity and the plate density 
are continuous functions of the current radius. In this case, unlike 
homogeneous plates, the motion equation is complex differential 
equation with variable coefficients. In this regard, there is need to 
build an approximate analytical solution method.

In the course of the study we used methods of separation of va
riables and Bubnov-Galerkin orthogonalization method, which gives 
effective results with homogeneous boundary conditions.

An axisymmetric form of natural oscillations of orthotropic cir-
cular plate with inhomogeneous radius lying on inhomogeneous vis-
coelastic foundation is considered. The case, when the plate is rigidly 
clamped around the contour, is studied in detail. Numerical analysis 
for concrete values of the characteristic parameters is carried out.

The motion equation is obtained taking into account inhomo-
geneity of the plate and the foundation, as well as partial variable 
coefficients of the fourth order.

Keywords: plate, continuity, orthotropicity, density, foundation, 
frequency, elastic moduli, motion equation.

References

1.	 Lomakin, V. A. (1976). Teoriia uprugosti neodnorodnyh tel. Moscow: 
MSU, 376.

2.	 Hаciyev, V. G., Agamaliyrv, N. G., Mirzoeva, B. D. (2002). Stability 
of continuality non homogeneous, orthotropic rectangular plates 
render in plane compressions. In Sump. on Eng and Artutural sciences 
Balcan Caucassand Turkir. Perplic. Spart, Turkey, 74–78.

3.	 Sofiyev, A. H., Schnack, E., Haciyev, V. C., Kuruoglu, N. (2012). Ef-
fect of the two-parameter elastic foundation on the critical parame
ters of nonhomogeneous orthotropic shells. International Journal of 

Structural Stability and Dynamics, 12 (05), 1250041. doi:10.1142/
s0219455412500411

4.	 Garnet, H., Levy, A. (1969). Free Vibrations of Reinforced Elastic Shells. 
Journal of Applied Mechanics, 36 (4), 835–844. doi:10.1115/1.3564779

5.	 Kovalenko, A. D. (1959). Kruglye plastiny peremennoi tolshchiny. 
Moscow, 294.

6.	 Zhemochkin, B. N., Sinitsyn, A. P. (1962). Prakticheskie metody ra-
scheta fundamentnyh balok i plit na uprugom osnovanii. Ed. 2. Moscow:  
Gosstroiizdat, 239.

7.	 Pasternak, P. L. (1954). Osnovy novogo metoda rascheta fundamentov 
na uprugom osnovanii pri pomoshchi dvuh koeffitsientov posteli. Mos-
cow: Gosstroiizdat, 89.

8.	 Klepnikov, S. N. (1967). Raschet konstruktsii na uprugogo osnovanii. 
Kyiv: Budivelnik, 184.

9.	 Lehnitskii, S. G. (1967). Anizotropnye plastinki. Moscow: Gosudarst-
vennoe izdatel’stvo tehniko-teoreticheskoi literatury, 463.

10.	 Timoshenko, S. P. (1967). Kolebaniia v inzhenernom dele. Moscow: 
Nauka, 444.

11.	 Rzhanitsyn, A. R. (1982). Stroitel’naia mehanika. Moscow: Vysshaia 
shkola, 400.

12.	 Haciyev, V., Jafarov, Kh. (2014). Lateral oscillations of a straight 
section of a two constant based heterogeneous pipeline. Eastern- 
European Journal Of Enterprise Technologies, 6(7(72)), 4–7. 
doi:10.15587/1729-4061.2014.31195

DOI: 10.15587/2312-8372.2017.93431

Development of the combined hardening 
technology of obtaining solid coating on the 
surface of steel products

page 20–23

Idan Alaa Fadhil І, Postgraduate student, Department of Foundry 
Production, National Technical University «Kharkіv Polytechnic In-
stitute», Ukraine, e-mail:  litvo11@kpi.kharkov.ua, ORCID:  http://
orcid.org/0000-0001-9466-1157

It is found that grinding of the grain structure of the surface  
layers of steel 38Сr2MoAl takes place after the laser treatment. In 
this case, the thickness of the hardened layer ranges from 0,2 to 
0,41 mm depending on the change of the laser beam velocity (bet
ween 1,5 and 0,5 m/min, respectively).

Subsequent boriding it possible to obtain a higher boride layer 
with a thickness of 0,140 mm and microhardness up to 22,5 GPa, 
compared with boriding without preliminary laser treatment pro
viding a hardness of 20 GPa and depth of the layer up to 0,073. 

The technology of boriding intensification is proposed. Its fea-
ture is the use of preliminary laser treatment of the surface of steel 
products and the fine boron powder as a saturating medium for 
chemical and heat treatment.

It is shown that the use of fine boron powder as a saturating 
medium for chemical and heat treatment.

The offered application of boriding technology of steel products 
will allow to combine chemical and heat treatment with a heat treat-
ment operation, which will increase the service life of equipment 
parts operating properties of the diffusion layers of tools, stamping 
and pressing equipment.

Keywords: laser treatment, intensification of boriding process, 
depth of hardened layer, microhardness.

References

1.	 Hahn, D. W., Omenetto, N. (2012). Laser-Induced Breakdown Spect
roscopy (LIBS), Part II: Review of Instrumental and Methodologi-
cal Approaches to Material Analysis and Applications to Different 
Fields. Applied Spectroscopy, 66 (4), 347–419. doi:10.1366/11-06574

2.	 Fadhil, I. A., Kostyk, K., Akimov, O. (2016). The innovative techno
logy of high-speed nitriding steel. Bulletin of the National Technical 
University «KhPI» Series: New Solutions in Modern Technologies, 
42 (1214), 49–53. doi:10.20998/2413-4295.2016.42.08

3.	 Aqida, S. N., Calosso, F., Brabazon, D., Naher, S., Rosso, M. (2010). 
Thermal fatigue properties of laser treated steels. International Journal 
of Material Forming, 3 (S1), 797–800. doi:10.1007/s12289-010-0890-1

4.	 Idan, A. F. І., Akimov, O., Golovko, L., Goncharuk, O., Kostyk, K. 
(2016). The study of the influence of laser hardening conditions 
on the change in properties of steels. Eastern-European Journal 



abstracts and References: Metallurgical Technology

57Technology audit and production reserves — № 1/1(33), 2017

ISSN 2226-3780

Of Enterprise Technologies, 2(5(80)), 69–73. doi:10.15587/1729-
4061.2016.65455

5.	 Kostyk, K. (2015). Development of the high-speed boriding techno
logy of alloy steel. Eastern-European Journal Of Enterprise Technolo-
gies, 6(11(78)), 8–15. doi:10.15587/1729-4061.2015.55015

6.	 Kostyk, K. (2016). Double-layered surface hardening of steel in 
successive saturation of carbon and boron in powdered macro and 
nanoscale environments. Bulletin of the National Technical Univer-
sity «KhPI» Series: New Solutions in Modern Technologies, 42 (1214), 
54–63. doi:10.20998/2413-4295.2016.42.09

7.	 Dhafer, W., Kostyk, V., Kostyk, K., Glotka, A., Chechel, M. (2016). 
The choice of the optimal temperature and time parameters of gas 
nitriding of steel. Eastern-European Journal Of Enterprise Technolo-
gies, 3(5(81)), 44–50. doi:10.15587/1729-4061.2016.69809

8.	 Kostyk, K. (2015). Development of the high-speed boriding techno
logy of alloy steel. Eastern-European Journal Of Enterprise Technolo-
gies, 6(11(78)), 8–15. doi:10.15587/1729-4061.2015.55015

9.	 Mohanad, M., Kostyk, V., Domin, D., Kostyk, K. (2016). Modeling 
of the case depth and surface hardness of steel during ion nitriding.  
Eastern-European Journal Of Enterprise Technologies, 2(5(80)), 45–49. 
doi:10.15587/1729-4061.2016.65454

10.	 Lobankova, O. V., Zykov, I. Y., Melnikov, A. G., Turanov, S. B. (2016). 
Influence of laser radiation on structure and properties of steel. Ad-
vanced Materials, Structures and Mechanical Engineering: Proceedings 
of the international Conference on Advanced Materials, Structures and 
Mechanical Engineering, Incheon, South Korea, May 29–31, 2015. 
CRC Press, 75–78. doi:10.1201/b19693-16

11.	 Fadhil І, I. A., Akimov, O., Kostyk, K., Goncharuk, O. (2016). The in-
fluence of pre-heat treatment and laser hardening on the steel struc-

ture formation. Bulletin of the National Technical University «KhPI» 
Series: New Solutions in Modern Technologies, 18 (1190), 66–73. 
doi:10.20998/2413-4295.2016.18.10

12.	 Okamuro, K., Hashida, M., Miyasaka, Y., Ikuta, Y., Tokita, S., Sa
kabe, S. (2010). Laser fluence dependence of periodic grating struc-
tures formed on metal surfaces under femtosecond laser pulse 
irradiation. Physical Review B, 82 (16), 165417. doi:10.1103/phys-
revb.82.165417

13.	 Kindrachuk, M. V., Dukhota, O. I., Kudrin, A. P., Tisov, O. V., Miko-
sianchyk, O. O., Naumenko, N. O. (27.04.2015). Sposib otryman-
nia tverdoho pokryttia z pidvyshchenym oporom vtomnomu rui-
nuvanniu na poverkhni metalevoho vyrobu. Patent UA 98452 U, 
MPK C 23 C 14/00. Appl. № u201412654. Filed 25.11.2014. 
Bull. № 8. Available: http://uapatents.com/6-98452-sposib-otriman-
nya-tverdogo-pokrittya-z-pidvishhenim-oporom-vtomnomu-rujjnu-
vannyu-na-poverkhni-metalevogo-virobu.html

14.	 Method for producing of solid coating on surface of metalic article 
[Electronic resource]: Patent UA 75866 U, MPK C 23 C 14/00 / 
Vasilev M. O., Panarin V. Ye., Sydorenko S. I., Voloshko S. M., Bur-
mak A. P.. – № u201208822; filed 17.07.2012; published 10.12.2012, 
Bull. № 23. – Available at: \www/URL: http://uapatents.com/ 
4-75866-sposib-otrimannya-tverdogo-pokrittya-na-poverkhni- 
metalevogo-virobu.html

15.	 Sizov I. G., Prusakov B. A., Novakova A. A., Kornilova A. A.; 
assignee: East Siberia State University of Technology and Ma
nagement. (20.02.2007). Sposob borirovaniia uglerodistoi sta-
li. Patent RU 1617035 A1, MPK C23C 8/70, C23C 8/02. Appl. 
№ 2005123677/02. Filed 25.07.2005. Bull. № 5. Available: http://
www.findpatent.ru/patent/229/2293789.html

Metallurgical Technology
DOI: 10.15587/2312-8372.2017.93178

Strength analysis of lamellar graphite cast 
iron in the «carbon (C) – carbon equivalent (CEQ)» 
factor space in the range of C = (3,425–3,563) % 
and  CEQ = (4,214–4,372) %
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The object of research is the structural lamellar graphite cast iron, 
where the carbon equivalent (Ceq) is in the range of (4,214–4,372) % 
and the carbon content (C) is in the range of (3,425–3,563) %.

The aim of research is to describe the distribution of values of 
tensile strength of cast iron series in the factor space C–Ceq at a fixed 
level of Cr–Ni–Cu–Ti alloyed complex in narrow ranges.

To achieve this aim, there are the next objectives.
1.	 Build a workable analytical description of the impact of the 

selected input variables on the tensile strength of cast iron.
2.	 Study the response surface and identify the most informa-

tive point of the factor space for further detailed investigation of the 
microstructure in these points.

It is shown that polynomial regression equation provides forecast 
accuracy, exceeding the accuracy using a linear regression equation 
in 1,23 times. An existence of a saddle point is revealed on the basis 
of the canonical transformation of response surface. It is an informa-
tive indicator, which suggests that the respective values of the input 
variables C = 3,492 %, Ceq = 4,28 % when the content of alloying 
elements Cr ± 0,032 %, Cu ± 0,026 % form a microstructure that 
guarantees the value of cast iron tensile strength TS = 203 MPa. In 
view of the resulting confidence interval, this value with a probabi
lity of 95 % is in the range of TS = (193–213) MPa. Metallographic 
microstructure description in the saddle point is important and can 
be obtained by the development of modeling results.

It is noted that there is a fundamental opportunity to improve ac-
curacy and obtaining more precise description of the response surface –  
due to numerical building of D-optimal plan or artificial orthogona
lization of full factorial experiment, inside the considered in this work

Keywords: lamellar graphite cast iron, induction crucible furnace, 
regression equation, canonical transformation of the response surface.
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The object of research is the technology for producing iron-based 
shape memory alloy. One of the most problematic moments in this 
process is the need to increase the degree of shape recovery while 
maintaining high mechanical characteristics.

It is found that the developed iron-based shape memory alloy has 
sufficient mechanical properties.

The results show that the surface oxidation isn’t observed for 
heating of the samples in temperature range 600–1000 °C.

During the experiment it is found that alloy is corrosion resistant 
and doesn’t change a mass in 10 % solution of sulfuric acid.

It is found form recovery degree of the proposed alloy is 73–95 % 
while maintaining such important properties as strength, viscosity, 
corrosion and oxidation resistance.

Keywords: iron-based alloy, shape memory effect, oxidation resis-
tance, corrosion resistance.
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Electromechanical and thermal transients at start-up of squirrel-
cage induction motors in reduced voltage conditions are the object 
of research. One of the most troubled places in these processes is 
sufficient difficulty diagnosing of resource consumption of induction 
motors with heavy start-up in reduced voltage conditions and timely 
facilitation of such regimes with a view to resource saving.

To determine the diagnostic parameters of starting modes for in-
duction motors at reduce of supply voltage it is necessary to identify 
the dependence of start-up duration depending on the parameters 
of the «motor – working machine» system and their impact on the 
thermal insulation wear in motor during period after start-up. There-
fore, the main way to increase the operational reliability of induction 
motors is to develop technical device for diagnostics of additional 
thermal insulation wear in induction motor.

We use such methods as: analysis method and mathematical 
modeling method. It is grounded that pulse of squared starting cur-
rent can take as diagnostic parameter of additional thermal insula-
tion wear of induction motor. Investigation of thermal insulation 
wear shows that the thermal transient at the start-up is adiabatic. 
Main thermal insulation wear is during period after start-up. The 
dependence of additional thermal insulation wear on the pulse of 
squared electric current of induction motor allows to select pulse 
set point of squared starting current of proposed device, which will 
facilitate the starting mode of the motor. A structural diagram of the 
device for diagnostics of additional thermal insulation wear in squir-
rel-cage induction motor during period after start-up is proposed.

Keywords: induction motor, electromechanical and thermal tran-
sient, reduced voltage, starting mode.
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The model of surge arrester, which consists of two nonlinear 
resistors, connected with each other via two inductive and a resis-
tive element is studied. To determine the model parameters are only 
required by the data given in the catalogs of surge arresters manufac-
turers. Until now, in the simulation of surge arresters insufficiently 
investigated the effect of currents typical for lightning surges.

It is shown that the model of surge arrester can be investigated 
by comparing the results of computer simulation with the data given 
in the catalogs of surge arresters. The study will use the following 
data, specific both switching and lightning surges: the residual volt-
age at switching impulse current, the residual voltage at lightning 
impulse current, as well as the residual voltage at steep current pulse.

Residual voltages corresponding to the 250–2000 A standard 
switching current pulses, 1.5–20.0 kA standard lightning current 
pulses and 10.0 kA steep current pulses were defined using Micro-Cap 
model of surge arrester. Residual voltages obtained in the simulation 
were compared with the corresponding values given in catalogs of 
surge arresters. It is shown that the smallest error takes place under 
the influence of lightning current pulses on the model of surge arrester.

The model of surge arrester in Micro-Cap program allows high 
accuracy determination of the residual voltage on the surge arrester 
during the flow of discharge pulses, which are typical for lightning 
surges. The model also allows to calculate the transients during the 
flow of the lightning currents, which are composed with several 
successive pulses, which can pose a significant danger to the surge 
arresters. The results of the research can specify the parameters of 
substation protection against different overvoltages and, thus, reduce 
economic losses due to possible faults.

Keywords: circuit simulation, surge arrester, residual voltage.
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The object of research is a hot blast generating system, which 
consists of three hot blast stoves with sequential mode of operation. 
One of the factors that reduce the hot blast stove block efficiency is 
the existence of losses with the waste gases, the heat of which can be 
recovered and used for combustion air preheating.

In order to improve the efficiency of a hot blast generating 
system the possibility of using of recuperative heat exchanger for 
waste heat recovery is observed. The process of initial parameters 
determining (the required level of combustion air preheating, waste 
gases temperature and flow rate at the inlet of the heat exchanger) 
is described. Software based on using of an original mathematical 
model and used for calculating of the parameters of the waste heat 
recovery heat exchanger was created. These data provide tools for 
refined calculation of heat recovery systems based on recuperative 
heat exchangers.

It is shown that the combustion air preheating results in a re-
duction of the coke oven gas flow rate. The calculations results in 
building of temperature distribution diagrams that allow to define 
the areas of corrosion. Such areas in the observed recuperative heat 
exchanger model appear at temperatures below 26 °C.

Thus, the set approaches can be used to refine the calculation of 
heat-transfer equipment of waste heat recovery systems to improve 
their reliability, long life, analyze their technical and economic pa-
rameters. This will improve the energy efficiency of the hot blast 
stoves block and reduce the cost of iron production.

Keywords: hot blast stove, heat recovery, recuperative heat ex-
changer, efficiency.
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