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Abstract  

A computer simulation was carried out, which made it possible to evaluate the heating temperature, structural transformations and the level 
of microhardness obtained during thermal friction hardening of steels. The microstructure of steel 15Kh11MF after thermofriction 
hardening is presented. A graph of the temperature field occurring in the sample during processing and a graph of the microhardness 
distribution over the sample cross section are given. It is analyzed which hardening mechanism can prevail in different temperature 
conditions. 
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1 Introduction 

Surface hardening techniques that involve deformation of 
the surface under friction conditions are of sufficient 
scientific interest. It is the thermal friction hardening (TFH) 
method that requires heating and deformation of the surface 
to be treated, and is a fast and economical method 
characterized by high efficiency. 

2 Analytical overview 

As is known, according to previous studies [1-3] in the 
process of contact - tool and the workpiece, there is a heating 
of its surface layer, as a result of which phase and structural 
transformations occur. Warming up the surface depends on 
the intensity of the heat flux into the workpiece, which 
occurs during the processing process at the expense of 
friction forces.  
The depth of heat propagation into samples can be 

determined by the experimental and estimated method [2, 

3]. Computer simulation in such matters significantly 

facilitates the ability to determine the necessary 

parameters, which are difficult to fix due to the high speed 

of the process. 
So, on the example of samples from steel 15x11MF, 

when solving the thermal conductivity problem, 
temperature fields were obtained. 

The temperature field is represented in the form of 
isotherms in the coordinates y (x), where the y coordinate is 
directed perpendicular to the treated surface, and the x 
coordinate is parallel to the feed direction. Thus, the 
temperature fields shown in the boundary plane of the 
sample plate section 

Since the problem of thermal conductivity is solved in 

the coordinate system, which moves together with the 
thermal source, that is, with the surface of the contact, the 
coordinate х is the distance from the front edge of the heat 
source. Thus, if the value of the coordinate x is divided into 
the feed rate s (τ = X/S), then the result will be the time for 
which the field has passed above the surface of the front 
surface of the heat source. In addition, the resulting 
temperature fields allow to determine the maximum heating 
temperature of the samples at a distance of y from the 
surface. In this case, the value of the value of y can vary 
from 0 to any depth within the temperature field and with 
any measurement step. For this, it is necessary to have data 
on the heating temperature of the surface layer at different 
depths and about the time for which the heating and cooling 
of the surface layer point was implemented, and, 
accordingly, its site. Based on this, it is possible to determine 
the nature of hardening, namely, whether it is thermal. And 
taking into account the fact that the last isotherm, according 
to the conditions of this experiment, corresponds to a 
temperature of 100°C, which for steels is below the 
conversion temperature, it is sufficient to clearly determine 
the possibility of one or another conversion in steels and the 
depth of its propagation in the TFH process [3].  

It should be noted that the samples were processed 
according to the TFH mode defined earlier as optimal [3].  
As can be seen from fig. 1, in the sample of steel 15x11MF 
in the initial state after hardening and low-temperature 
release when hardening TFH, for example, at a depth of y = 
0.35 mm, the maximum temperature is 900 ° C.  
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1 поділка Х – 3 мм; 1 поділка Y – 0,4 мм    
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FIGURE 1 Graph of temperature field at the time of TFH, microstructure 

and microhardness of the sample from steel 15x11MF 

1 - hardening efficiency; 2 - transition efficiency; І - hardening zone; ІІ - 

transition zone; III - base metal zone 

 
For example, the critical point of the AC1 for steel 

15x11MF is 810 ºС. Accordingly, all layers of metal heated 
during the TFH process must be hardened at the time of 
heating at TFH with sufficient time to pass the austenization 

process. When heated to temperatures below the critical 
hardening cannot take place. Then there is a slope, since 
short-term heating creates conditions for this. 

Using data from the temperature fields, the temperature 
of the surface temperature during the TFH was determined, 
which made it possible to determine the maximum heating 
temperature of the samples at different depths from the 
surface. 

The analysis of the results obtained suggests that a 
significant increase in the microhardness of the surface is 
ensured by the simultaneous influence of two hardening 
mechanisms: thermal - hardening and deformation - label, 
the dominance of each of which may vary depending on the 
conditions of processing, chemical composition, the initial 
state of the hardening objects and other factors. 

Due to the fact that such superficial hardening is caused 
by the simultaneous influence of many factors, issues 
related to analyzing its nature are constantly being studied.  

3 Formulation of the problem 

The purpose of this work was computer simulation of 
structural transformations, under various temperature 
conditions, based on the determination of the intensity of 
heating the studied objects at different depths from the 
surface with surface hardening of materials using friction 
and deformation. 

4 Conclusions 

It is clearly shown that computer simulation allows to 
quickly and efficiently determine the nature and degree of 
warm-up of samples by cross section from the TFH surface, 
which allows to predict the structural transformations in the 
materials that determine their potential properties. 

The data obtained can also be used in mathematical 
planning of an experiment aimed at optimizing processing 
modes to predict the beneficiation of expected structures and 
properties that can be obtained in materials during their 
surface hardening. 
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