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2.4. FRACTAL APPROACH IN ASSESSING THE QUALITY OF STEEL 20 

 

Volchuk Volodymyr, Parhomenko Olena 

 

Introduction. To evaluate the influence of the structure and composition of the 

metal on mechanical properties, different physical methods and mathematical modeling 

are used [1-4]. This is due to the fact that the technology of production of rolled metal is 

a multicriterial technology. Therefore, many parameters influence the quality of metal 

rolling. The key parameters include the chemical composition of the metal and the 

elements of its structure. To establish a connection between the composition of materials 

and properties, often used  the method of experiment planning. 

The perspective direction of the study of the influence of structure on the 

properties of materials is the application of the theory of fractals and multifractals [5-

9]. Fractal formalism helps to quantify the elements of the structure of materials with 

a complex geometric configuration of the form [10-13]. 

The paper considers the method for assessing the hardness of low carbon steel 

20 based on the analysis of its chemical composition and fractal dimension of 

structural elements. The choice of this steel brand is due to the fact that it produces 

varietal and shaped rolling: sheets, strips, tapes, and pipes. 

Materials and methods. Steel 20 was investigated in the state of the plant 

delivery. The chemical composition of the metal is given in Table 1. 

Table 1.  % content of elements of the chemical composition of steel 

The hardness  HB steel changed within the limits of 126 ... 131 in accordance 

with the normative documents. Investigated steel with a ferrite-perlite structure, 

which is most commonly found in the factory supply (Pic. 1). 

Content in % 

according to mass 
C Si Mn Ni S P Cr Cu As 

Steel 20 0,17-

0,24 

0,17-

0,37 

0,35-

0,65 

to 

0,3 

to 

0,04 

to 

0,035 

to 

0,25 

to 0,3 to 

0,08 
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Pic. 1. Structure of steel 20, 200 

 

Discussion of results. To determine the fractal dimension of the structure, a 

technique based on the convergence of dot and cell methods was used [14-17]. This 

approach allows you to increase the accuracy of determining the fractal dimension of 

structural elements. Since the structural component of perlite has a greater hardness 

than ferrite, the fractal dimension of perlite was calculated to establish a relationship 

between structure and hardness. 

At the next stage of the research, the technique of planning experiments was 

used, when many factors simultaneously changed. This approach allows us to 

investigate the dynamics of the change of the function of purpose (hardness of HB), 

depending on the chemical composition and structure. The experiment scheduling 

matrix for 16 columns was implemented with the experimental indicators of the 

objective Yexp function and estimates of its Ydev prediction (see table 2), where TL 

is the total level of the values of the arguments (X1 ... X10); LL - lower level; UL - 

upper level and IV - interval of variation of arguments. Arguments of the function 

were carbon (X1), silicon (X2), manganese (X3), nickel (X4), sulfur (X5), phosphorus 

(X6), chromium (X7), copper (X8), arsenic (X9), and fractal dimension of perlite (X10). 

During the experiment, a regression model for steel hardness prediction was 

obtained: 

Ydev = 115,329 + 41,375X1 + 9,125X2 + 3,958X3 + 1,042X413,125X5 + + 6,875X6 + 

5,938X7 + 2,208X8 + 6,042X9 + 0,404X1037,500X1X2 

Coefficient of pair correlation was R2 = 0,86. 
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Table 2. Matrition of plaining of the experiments for steel 20 

 
 

Below is a histogram of the effect of arguments on the function of purpose 

(picture 2). On the histogram, the numerical values of the influence of each of the 

elements of the chemical composition and the fractal dimension of perlite on the 

hardness index are obtained by normalizing the coefficients of the regression equation. 
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Pic.2. Histogram of the influence on function (hardness HB) 

 

The analysis of the above regression equation is confirmed by the fact that the 

strongest link is observed between the function of the target (the index of yield 

strength Y) and the arguments X1 (carbon 2,187), X3 (manganese 1,187) and X7 

(chromium 1,187). Sulfur (X5) and phosphorus (X6), as harmful impurities, reduce 

strength, as they contain more than 0.045% steel at elevated temperatures, made red 

and cold needle respectively. The connection is confirmed by the relatively high 

correlation coefficient (R2 = 0,86), which is substantiated by physico-chemical 

interpretation of the influence of the composition of the metal on its properties. 

Carbon steel, usually in the form of a chemical compound Fe3C (iron carbide), with 

an increase in its content to 1.2%, increases the hardness, strength and elasticity of 

steel and reduces its viscosity and its ability to weld. In turn, manganese contained in 

normal carbon steel in the range of 0,3 to 0,8% reduces the harmful effects of oxygen 

and sulfur, increases the hardness and strength of steel, its cutting properties, but it 

reduces the ability to withstand the metal to dynamic loads , in particular to drums. 

Chrome increases strength, hardness and heat resistance, cutting and tribological 

properties, but reduces the viscosity and thermal conductivity of the metal [1]. 

The insignificant influence of other elements: Si (the coefficient of influence 

according to the calculations is 0,287), Ni (0,313), Cu (0,662) and As (0,362) on the 

hardness of steel 20 is compensated partly by the action of more "weighty" elements of 
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chemical composition, for example C (2,187). Additionally, these items may have a 

greater impact on other features than their intended purpose. So Si is introduced into 

the steel as an active deoxidizer and does not make a more noticeable effect on the 

properties [1]. 

To verify performance and adequacy, the obtained mathematical model was 

tested according to the Fisher and Cochran criteria [2]. According to Fisher's 

criterion, the model is adequate: 

F observation = 1,589; F critical = 2,400. 

According to the criterion, the Cochran model is also right: 

F observation = 0,382; F critical = 0,547. 

Conclusions. The method of estimating the quality of low-carbon steel is 

proposed based on the analysis of its chemical composition and fractal dimension of 

structural elements. A mathematical model for evaluating the hardness of steel 20 

was obtained by implementing a matrix of experimental planning. It has been 

established that the hardness of a metal is sensitive to the change in the fractal 

dimension of perlite. It confirms the influence on the hardness parameters not only on 

the chemical composition, but also on the elements of the structure, which are 

described by fractal dimension. 
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