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Abstract: This article presents a research analysis of the effect of the Ti element as a modifier on the wear 

resistance of the 35XGCL low – alloyed liquid steel alloy. Based on the obtained results, the increase in 

the number of crystallization centers of the cast alloy and the formation of a fine granular structure led to 

a significant increase in the wear resistance property of the cast product. 

Keywords: modifier, wear resistance, low – alloyed, crystallization centers, Lagrange's interpolation 

polynomial, Cramer's method. 
_____________________________________________________________________________________________________ 

 

Introduction. Today, the rolling machine shafts used in the stamping shops of production enterprises are 

the main and very expensive part of the machines for the production of rolled products. They faced 

various stresses and strains during their work. In addition, the geometric dimensions and material of the 

shafts must ensure that they can withstand the heaviest loads that occur during the shift sequence. Another 

important factor related to the service life of the shafts is the wear resistance of its material. 

Main part. Wear resistance means the ability of a material to resist material loss as a result of some 

mechanical external influences. 

This device can be used to determine the wear resistance of all types of metals. It's easy to use, with the 

option to control the speed of the diamond disc with automatic power-off at a selected number of 

revolutions. It is designed to carry out studies of special grinding disk speeds of 400, 525, 650, 775 and 

900 revolutions per minute. 
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Pic 1. General view of a special device with a diamond disc for determining the wear resistance of 

samples 

This graph presents the results of a study conducted to determine the effect of time-dependent corrosion 

resistance of research samples made from low-alloy steel alloys based on two types of composition [1 – 

4]. 
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Pic 2. Wear resistance of research samples made of low – alloyed steel alloys as a function of time. 

1 – a sample containing 0.3-0.5% Ti element as a modifier in the composition of the alloy based on the 

given proposals; 2 – a sample cast from the 35XGCL brand at the production enterprise; 

Results. Since the research was carried out on two types of alloys, we will formulate a mathematical 

expression of the wear resistance of both alloys. 

First, we make a mathematical model of the wear resistance of a sample cast from a low – alloyed steel 

alloy of the 35XGCL brand, which was previously cast at the production plant. For this, time change is 

taken as a free variable, and we will consider the problem of creating a function that reflects the corrosion 

of the alloy. In this case, we construct Lagrange's interpolation polynomial, that is, by bringing the 
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problem into the system of algebraic equations, it is possible to express the function of the amount of 

consumption in the form of a polynomial by determining the unknown coefficients. 

m – wear resistance, gram; 

t – time, minute; 

m = f (t); (1) 

 ;                     (2) 

t1 = 1.3*10
–7 

; t3 = 5.3*10
–4 

; t5 = 0.05 ; 

t2 = –1.4*10
–5 

; t4 = –8.5*10
–3 

; t6 = 0.04 ; 

(2) we can bring the system of equations into the matrix form and find the unknowns using Cramer's 

method of solving a system of complex linear equations. First, the determinant ∆ of the matrix formed 

using the system of equations is found. 

= 

=                           (3) 

solving the above matrices, we find the following values of the unknowns, 

; 

; 

; 

; 

; 

; 

After solving the above equations and determining the unknowns, the function representing the wear 

resistance of low – alloyed steel alloy 35XGCL as a function of time is as follows: 

m=(1.3*10
–7

)t
6
–(1.4*10

–5
)t

5
+(5.3*10

–4
)t

4
–(8.5*10

–3
)t

3
+0.05t

2
+0.04t ;       (4) 
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Pic 3. Mathematical model based on research results correspondence to actual results 

Next, based on the developed suggestions, we will create a mathematical model of the time dependence of 

the wear resistance of the sample with 0.3-0.5% Ti element added as a modifier to the alloy composition. 

For this, time change is taken as a free variable, and we will consider the problem of creating a function 

that reflects the corrosion of the alloy. In this case, we construct Lagrange's interpolation polynomial, that 

is, by bringing the problem into the system of algebraic equations, it is possible to express the function of 

the amount of consumption in the form of a polynomial by determining the unknown coefficients. 

m – wear resistance, gram; 

t – time, minute; 

m = f (t); (5) 

 ;              (6) 

t1 = –7.11*10
–8

; t3 = –1.38*10
–4 

; t5 = –0.01 ; 

t2 = 5.33*10
–6 

; t4 = 1.6*10
–3 

; t6 = 0.087 ; 

(6) we can bring the system of equations into the matrix form and find the unknowns using Cramer's 

method of solving a system of complex linear equations. First, the determinant ∆ of the matrix formed 

using the system of equations is found. 
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= 

=                        (7) 

solving the above matrices, we find the following values of the unknowns, 

; 

; 

; 

; 

; 

; 

After solving the above equations and determining the unknowns, based on the proposals developed, the 

function representing the wear resistance of the alloy with 0.3-0.5% Ti as a modifier is as follows [5 – 

12]: 

m=–(7.11*10
–8

)t
6
+(5.33*10

–6
)t

5
–(1.38*10)t

4
+(1.6*10

–3
)t

3
+0.01t

2
+0.087t ; (8) 

  

Pic 4. Mathematical model based on research results correspondence to actual results 

Conclusions. Based on the results of the research, it was found that the corrosion resistance was 

significantly improved under the influence of the titanium element added as a modifier to the alloy 

composition in the amount of 0.3 - 0.5%. The results obtained based on the results of practical research 
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were compared with the results obtained based on mathematical models. The results are confirmed to be 

compatible. 
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