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ANNIVERSARY OF THE SCIENTIST

Zakovorotny V. L., engineer, scientist, is 80

12 February, Vilor Lavrentievich Zakovorotny, Honoured Worker of National Sci-
ence, Dr.Sci. (Engineering), professor, turned 80.

Vilor Lavrentievich Zakovorotny is a well-known international expert in the field of
nonlinear dynamics of controlled systems. He has studied the dynamic monitoring and con-
trol of mechatronic systems and metalworking processes, developed the research framework
of this area, and created a school of thought. His R&D results were introduced into produc-
tion at 17 enterprises in Russia and neighboring countries.

For the past five years, the solutions proposed by V. L. Zakovorotny to the dynamic
monitoring of machining processes on metal-cutting machines and to the dynamic
diagnostics of rotor systems have been introduced into the manufacturing practice of
Rostvertol, Russian Helicopters JSC, Rostselmash Combine Plant LLC, Azov
Optomechanical Plant JSC, All-Russian Research Institute “Gradient” JSC, and others.

V. L. Zakovorotny has made a significant contribution to the development of engineering education in Russia,
improving the educational process, training top-qualification technical and scientific manpower. He has trained more 
than 1,500 engineers, 7 doctors and 42 candidates of science, who work in universities and enterprises of the Rostov
region.

V. L. Zakovorotny was one of the originators of training engineering personnel majoring in “Technological-
Process Automation & Process Control” and “Management and IT in Engineering Systems”. He carries out big job at
the Academic Methodological Association on Automated Engineering.

In 1991-2007, as Pro-rector for Research, Prof. Zakovorotny made a great contribution to the reorganization of
an industry-based university, Rostov Institute of Agricultural Engineering (RIAE) into a comprehensive technical uni-
versity, DSTU.

V. L. Zakovorotny is the deputy chairman of the dissertation council D.212.058.02, DSTU, a member of the
joint dissertation council, SFedU, a member of the editorial boards of three scientific journals included in the list of the
State Commission for Academic Degrees and Titles of the Russian Federation. Prof. Zakovorotny is the author and co-
author of 356 publications including seven monographs, five textbooks and teaching aids, 49 patents and copyright cer-
tificates.

For his outstanding merits, V. L. Zakovorotny is awarded with the second-class medal of the Order of Merit for
the Motherland, the titles of Laureate of the State Prize of Ukraine in science and engineering, Honored Scientist of the 
Russian Federation, Honorary Professor and Professor of the year, DSTU. The Russian Air Force Commander awarded
V. L. Zakovorotny with a Memorial Sign for his contribution to the construction and development of the Russian Air
Force.
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Introduction. The range of use of composite materials (CM) is constantly expanding, finding application in many areas 

of mechanical engineering, agricultural technology, aircraft manufacturing, instrumentation, shipbuilding, in the manu-

facture of high-pressure containers, etc. Quite often, multilayer composites consisting mainly of one type of reinforcing 

material and a binder are used. Of particular interest is the use of various types of reinforcing materials – more durable 

in the places of maximum stress in the cross section – in a single composite. As an example, we can use glass and basalt 

fabrics and fibers using one type of binder. The work objective is to study properties of such a material and to model it 

using the finite element method. 

Materials and Methods. The components used are commercially available. BT-11 basalt fabric, TR-0.5 fiberglass, as 

well as glass mat with a density of 300 g/m2 were used as reinforcing materials. An epoxy resin of the ED-20 grade with 

a PEPA hardener was used as a binder. Two types of material were also manufactured for tensile and bending tests, 

respectively, the differences of which consisted in the number, type and layer sequence. For modeling, CAD COM-

PASS 3D, APM-FEM module was used. 

Results. Basalt fabric is used in the outer layers of the composite material, fiberglass – in the inner layers. This approach 

provides increasing the tensile strength of the composite during tensile and bending; however, critical failure leads to an 

instant loss of the bearing capacity of the material.  The use of glass mat as the core of the composite material showed 

lower allowable stresses, both tensile and bending; but in case of bending, it turned out that when the material was de-

laminated, the load-bearing capacity of the material was about 10% of the maximum. Modeling of the material is possi-

ble with some assumptions, in view of the size of the final elements. 

Discussion and Conclusions. The use of basalt fabrics as a reinforcing material provides obtaining products with the 

properties of both glass and carbon plastics. Such a CM will be slightly more expensive than fiberglass and much 

cheaper than carbon fiber. Products made of composite materials (equivalent to isotropic materials) can be modeled in 

computer-aided design systems using the finite element method. It is important to consider the type of loading on the 

product, since CM mainly have anisotropic properties (the load is applied taking into account the direction of fibers). In 

multilayer CM from structural fabrics, it is necessary to direct the loads along the fibers. In addition, it is necessary to 

consider the interlayer shear, different adhesion between the layers, etc. The main assumption of this method is the 

“constancy” of the material thickness, the number of layers and the order of their location. 

Keywords: composite material, basalt fabric, fiberglass, glass mat, finite element method. 
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Introduction. In the work, polymer composite materials (CM) with a reinforcing composition based on basalt 

and glass fabrics were studied and modeled. Epoxy resin was used as a binder. The 11- and 13-layer composites were 

investigated. 
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In [1], technological and other characteristics of the CM are noted, including those determining the load distri-

bution in the layers. Here, the principle of “simple” modeling of composite material in various computer-aided design 

(CAD) systems is considered, as well as the behavior of CM depending on the type of loading. 

A method is described for increasing the interlayer shear resistance in polymer CM by adding finely divided 

solid particles (for example, glass) to the binder1. The process of occurrence of interlayer stresses was studied [2]. It is 

possible that the application of this method would avoid stratification and increase the allowable stress of the samples. 

In [3–5], the volume content of the binder, the methods of its application to the reinforcing material, the laying-

up method, the operating procedure, etc., are determined. 

It is known that the type of deformation and fracture of a composite polymer is determined by its shape, quality 

and binder (including its volume content)2. The corresponding dependence has been derived [6, 7]. 

In [8–10], modeling a part from CM using the finite element method (FEM) in CAD is described. 

The paper presented also uses FEM. With its help: 

- reliability of determining the stresses in the places of destruction of the samples and safety factors is validat-

ed, 

- specifications of using assumptions that facilitate the calculation of products from polymer CM tested previ-

ously on tensile machines, are indicated. 

In [11], the influence of the shape and type of reinforcing components on the thermal and mechanical proper-

ties of a polymer composite material is described. 

In [12, 13], the applicability of composites in engineering, automobile production, construction, etc., were not-

ed. 

Research Objectives: 

- to justify the use of basaltic fabrics in polymer CM, 

- to determine their strength properties with various reinforcing components, 

- to check the possibilities of modeling CM by the finite element method. 

Materials and Methods 
A composite material based on basalt and glass cloth and glass mat was studied in this work. As a binder, 

epoxy resin ED-20 with hardener polyethylene polyamine (PEPA) was used. The reinforcing agents were fiberglass 

TR-0.5, basalt fabric BT-11 and fiberglass with a density of 300 g/m2. A feature of the experiment was the use of sever-

al types of reinforcing material in one composite at once. 

Justification for the application of basalt fabric and finite element modeling. At present, CM rarely uses 

basalt fabric, although it possesses characteristics important for high-quality composites: high impact strength, high 

specific strength, heat resistance, environmental cleanliness, high resistance to corrosion and acid, low thermal conduc-

tivity, affordable price, radio transparency, and good sound absorbing properties. It is also worth noting that basalt is a 

rock, and its reserves are practically unlimited. In the production of basalt fiber, the rock is melted, threads are drawn 

from it, which are used to make fabric, roving, etc.). In terms of strength, basalt fiber is superior to fiberglass and ap-

proaches carbon fiber. The price of basalt fiber is slightly higher than fiberglass, but significantly lower than carbon 

fiber. This allows fabricating products of higher quality than fiberglass, but at the same time cheaper than carbon fiber. 

Of particular interest is the use of several reinforcing materials in one CM: glass and basalt fabric, as well as glass mat. 

When modeling composites in CAD, it is required to set materials with various characteristics, which creates known 

difficulties. In the framework of this work, the possibility of a standard study of structures by the FEM is determined. 

                                           
1 Nezhizhimov DB. Sposob uvelicheniya soprotivleniya mezhsloinomu sdvigu v mnogosloinykh kompozitnykh materialakh [Method for increasing 
interlayer shear resistance in multilayer composite materials]. In: Proc.3rd All-Russ. Sci. Conf., Kursk, 2019. P. 84–88. 
2 Antibas IR, D'yachenko AG. Issledovanie protsessa razrusheniya sloistogo kompozitnogo materiala [Study on destruction of the layered composite 
material]. In: Proc. 10th Int. Sci.-Pract. Conf. within framework of the 20th Int. Agroindustrial Exhibition “Interagromash-2017”, Rostov-on-Don, 
2017. P. 179–181. 
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1 Nezhizhimov DB. Sposob uvelicheniya soprotivleniya mezhsloinomu sdvigu v mnogosloinykh kompozitnykh materialakh [Method for increasing 
interlayer shear resistance in multilayer composite materials]. In: Proc.3rd All-Russ. Sci. Conf., Kursk, 2019. P. 84–88. 
2 Antibas IR, D'yachenko AG. Issledovanie protsessa razrusheniya sloistogo kompozitnogo materiala [Study on destruction of the layered composite 
material]. In: Proc. 10th Int. Sci.-Pract. Conf. within framework of the 20th Int. Agroindustrial Exhibition “Interagromash-2017”, Rostov-on-Don, 
2017. P. 179–181. 
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For this, anisotropic material is “equated” to isotropic, and the products are designed so that loads can be applied along 

the direction of the fibers. 

The use of structural fabrics makes it possible to model the behavior of CM with some assumption. However, 

it is necessary to consider the type of weaving of fabrics and the angle of rotation between the layers. Thus, it is re-

quired to obtain the results of an experiment on determining the strength properties, and to find out the tensile and bend-

ing strength. Based on this information, it is possible to simulate the composite for these types of loading since the ma-

terial continues to collapse after damage to the outer layer under bending and to the defective layer under tension. If 

there are no defects in the composite under tension, fracture mainly occurs in a dangerous section. 

Preparing for the experiment. For the experiment, samples were made from composite material (Fig. 1). 
 

  

а) 

  

b) 

Fig. 1. Test specimens: (a) bending; (b) tensile 

In the first case (see Fig. 1 a): 

- the type of laying is sandwich (symmetrical arrangement of layers in all samples), 

- the total number of layers per sample (first outer, then middle, then inner) are indicated, 

- 4 layers of basalt fabric (BF), 

- 2 layers of fiberglass (FG), 

- 7 layers of glass mat (GM). 

In the second case (see Fig. 1 b): 

- 6 layers of basalt fabric (BF), 

- 5 layers of fiberglass (FG). 

In both cases, the binder is ED-20 resin, the hardener is PEPA. 

Thus, two types of material are obtained. Their differences allow you to check: 

- if using fabrics with mats is worthwhile, 

- what effects a combination of different types of materials will give. 
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Sampling. Samples were made through sequential placing of fabric layers (Fig. 2 a) on a base covered with a 

film, since there is no adhesion between the resin and the films. 

 
а) 

 
b) 

 
c) 

Fig. 2. Sampling: (a) material cutting; (b) removal of excess resin; (c) machine processing 

After placing all the layers, they were heated and smoothed at the same time with a spatula through the film 

(see Fig. 2 b); in this case, a smooth surface without excess resin was obtained. Sampling scheme: 

1) cutting samples with a margin for machining, 

2) preparation of the foundation, 

3) resin activation, 

4) placing layers, 

5) smoothing, 

6) fixation, 

7) curing, 

8) machining (see Fig. 2 c). 

Tensile and bending tests. Tensile and bending tests were carried out on a breaking machine (Fig. 3-5). 
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Fig. 3. Breaking machine 

  

а) 

 
b) 

Fig. 4. Testing: (a) bending; (b) breaking 



ht
tp

://
ve

st
ni

k.
do

ns
tu

.ru

10

Karnoub A., et al. Research and modeling of a multilayer composite material using basalt fabric 

 

 
а) 

  

b) 

Fig. 5. Results of destruction of samples: (a) tensile; (b) bending 
 

Research Results 

Test Conclusions. Based on the test results, the following conclusion can be drawn: when combining fabrics 

and mats, a characteristic feature of fracture is delamination at the border of various types of material (see Fig. 5). When 

in comes only to tissue layers, such an obvious feature is not observed. Tissues used as reinforcing agents are torn at the 

place of maximum stress and then are sharply destroyed. Initially, individual fibers are destroyed, which is accompanied 

by a characteristic sound. Then the fibers are pulled out of the matrix — and the matrix itself is destroyed. This is 

shown by decoloration — the place of destruction “turns white” and looks more matt. The test results are presented in 

Table 1. 

Table 1 
Characteristics of CM tested for bending and breaking 

 6BT5ST/ED-20 4BT2ST7SM/ED-20 
Max. bending force, kg 500 965 
Max. breaking force, kg 3560 2600 
Max. bending stress, MPa 265.1 239.5 
Max. tensile strength, MPa 191.8 120 
Sample parameters and distance between sup-
ports under bending, mm* b = 64.2; h = 5.5; L = 70 b = 61.7; h = 8.2; L = 70 

Section dimensions at break, mm b = 35; h = 5.2 b = 29.5; h = 7.2 
Density, kg/m3 650 700 
*Here, b is sample average width, h is sample average thickness, L is distance between supports. 

 
Composite material modeling and test validation. For modeling, the material 6BT5ST was selected. Its 

characteristics are included in the Compass 3D library, and solid models are created. Using the APM FEM module for 
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Compass 3D, finite element calculations were performed. In this case, difficulties arose due to the selection of the opti-
mal sizes of the finite elements. The following assumptions were used for calculations: the fixing and load points were 
performed by slight stretching of the “strips” of 0.1–0.2 mm wide. In these areas, the results of stresses and safety fac-
tors should not be considered since they are incorrect. Such simplifications enable to apply loads and install fixation in 
any place on the models. The optimal mesh size is from 2 to 3 mm. 

The calculation results charts of stresses and safety factor of the ultimate strength are presented in Fig. 6.  

 
а) 

 
b) 

 
c) 

 
d) 

Fig. 6. Results charts: (a), (c) by stress; (b), (d) by safety factor 
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The simulation results suggest that these samples are destroyed in places subjected to maximum stress. Due to 

the modeling error, the safety factor is other than unity, and the reduction in the size of the finite elements solves this 

problem. It is also worth saying that this method will be normally implemented when modeling structures operating in 

tension or compression, since these processes are accompanied mainly by normal stresses. However, during the tests, it 

has been found that at different elongation factors for the reinforcing materials, delamination occurs along the loading 

line at the layer boundary due to insufficient interlayer adhesion and high shear stresses. 

Discussion and Conclusions. The use of basalt fabrics as a reinforcing substance provides obtaining products 

with the properties of both glass and carbon plastics. Moreover, such a CM will be slightly more expensive than fiber-

glass and much cheaper than carbon fiber. Good indicators of the specific strength of basalt, its absolute incombustibil-

ity, high impact strength, and resistance to UV radiation should be mentioned. Basalt is a dielectric; therefore, it can be 

used in the manufacture of cases for radio equipment. 

The experiments have shown higher strength characteristics of those CM in which there are more layers of 

basalt fabric, and glass mat is not used. The use of glass mat as a core causes high interlayer shear stresses, which 

stimulates interlayer fracture both in tension and in bending. The maximum bending stresses for a sample with a large 

number of layers of basalt fabric amounted to 261.5 MPa (versus 239 MPa with a smaller number of layers of basalt 

fabric). In addition, there was a clear superiority in maximum tensile stresses — 190 MPa versus 120 MPa. 

The calculation results allow us to state that products made of composite materials (equated to isotropic mate-

rials) can be modeled in CAD using the finite element method. It is very important to consider the type of loading on 

the product, since CM largely have anisotropic properties (the load is applied allowing for the direction of the fibers). 

So, in multilayer CM from structural fabrics, it is required to direct the loads along the fibers. In addition, it is necessary 

to consider the interlayer shear, different adhesion between the layers, etc. The main assumption of this method is the 

“constancy” of the thickness of the material, the number of layers and the order of their location. 

The data and method obtained need further research, which will allow us to create a range of composite mate-

rials with known characteristics, to simulate them, and to perform the corresponding calculations. 
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