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Summary: analysis of the characteristics of the microstructure of the surface of samples of steel 110G13L 
hardened static-pulse treatment (SPT). The result of research is development of mathematical model of 
microstructure characteristics depending on the modes SPT represented by a polynomial of the second 
degree. The dynamics of the following parameters: diameter of grain, its area, number of grains per unit of 
area and surface hardness. Independent factors were: the impact energy, advanced statistical effort diameter 
and roller width, depth of hardening.  
 Studies have shown that the cause of hardening of high-manganese steel (HMS) when static-pulse 
treatment (SPT) is the fragmentation of corns of austenita in small blocks and blocking the slip planes that 
provides a significant increase in microhardness and durability. 
Microstructural study confirmed the results of tests on durability, microhardness and mechanical 
characteristics of the samples from the HMS, hardened SPT in production conditions.  
 Keywords: microstructure, mathematical model, modes and characteristics of the treatment, static-
pulse hardening, static effort, the depth of hardening, geometrical parameters of the indenter, the crushing of 
grains, blocking the slip planes.  
 Research objective: to analyze the effect modes SPT, and create a mathematical model of 
microstructure characteristics depending on the modes SPT. For the studied microstructural characteristics 
taken following parameters: diameter of grain - dm , its area - S, number of grains per unit of area - N and 
surface hardness, the independent factors were: the energy of the impact - E, j (X1), preliminary statistical 
force - Fst, kN (x2), the diameter and width of roller - Dp and b, mm (X3,X4), the depth of hardening - h, mm 
(X5) (table. 1)  

Table 1 

Factors  Levels 

- 0 + 

Х1 150 250 350 

Х2 20 30 40 

Х3 10 15 20 

Х4 15 25 35 

 

Necessary data the results of the experiment are given in the form of a planning matrix. Using the program 

for data processing in Statistica 5.1 the company StatSoft Inc. We make the regression equation in the form:  

0 2 k 12

13 k 1

y b b X1 b X 2 ... b XK b X1 X 2

b X1 X 3 ... b X( K 1) XK−

= + ⋅ + ⋅ + + ⋅ + ⋅ ⋅ +
+ ⋅ ⋅ + + ⋅ − ⋅  

Defining the regression coefficients bO, b1, ... bK, we obtain the following dependencies: 

When X3=20, X4=15, X5=0...8  

2 2
x4,x5Y 2 0,009403 X 3 0,000104 X 4 0,002243 X 5= ⋅ + ⋅ + ⋅  

when X3=10...20 X4=0...8  

x3,x5Y1 0,016823 X 5 0,002438 X 3= ⋅ + ⋅  

when X3=10...20, X5=0  



2
x3,x5Y3 0,126098 0,002243 X 5 0,003475 X 3= + ⋅ − ⋅  

when X3=10...20, X4=15, X5=0...8  

x3,x5

2

Y4 4293,39 X 3 0,83 X 3 X 5 284,11

X 5 3567,07 X 5 2138,6 X 4

= ⋅ + ⋅ ⋅ + ⋅

⋅ − ⋅ − ⋅
 

The results of calculations and the obtained equations are presented depending on 

pictures 1-4. A number of summands in the model reflect the impact of individual factors, 

and mixed interaction effects: impact energy, static component of the load, the geometric 

parameters of the indenter and the depth of the hardened layer. From a mathematical 

model shows that the most complex nature of the dependence of grain size for steel 

110G13L on the diameter of the indenter. Studies also indicate the need for optimization 

this parameter. Thus, using a mathematical model was found that most small grains fixed 

on the surface of samples of steel 110G13L, hardened SPT. 

Testing the significance of the coefficients was performed by student's criterion: S{bj} = 

2,57, at a significance level of 0.05, confidence interval ∆bj =2,5; S{b} = 1,05. Largest 

regression coefficient conclude that the most significant factor is the diameter of the roller 

when processing CIO, the variance of the reproducibility of results S2(y) is 0,28, the 

variance of the adequacy of  =1,0, ÝÊÑ

1,0
F 3,4,

0,28
= = ÒÀÁËF 10,5= . Consequently, the 

model is adequate. Thus we obtain adequate model for which the level of significance is 

equal to 0.05. 

Studies have shown that cause hardening of the HMS when static-pulse processing is 

crushing corns of austenita in small blocks and blocking the slip planes that provides a 

significant increase in microhardness and durability. 

Mathematical model of the quantitative characteristics of the microstructure of steel 

110G13L, which enabled to evaluate the significance of the modes of the static-pulse 

hardening.  

 Conclusions: as a result of metallographic research of samples of steel 110G13L, 

hardened, ICN, in terms of production, the analysis of influence of modes of SPT on the 

main characteristics of the microstructure. As a result of the implementation of full factorial 

experiment 24 and processing of data in the packet Statistics 5.1 the company StatSoft 

Inc. mathematical model of microstructure characteristics depending on the modes SPT, 

which is represented by a polynomial of the second degree. 

Microstructural study confirmed the results of tests on durability, microhardness and 



mechanical characteristics of the samples from the HMS, hardened SPT in production 

conditions.  
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