
 

“Е+Е”, vol. 53, 5-6, 2018 155

Model for heating stainless steel by an electron beam 

S. Plotnikov, R. Kimossov, A. Myakinin, A. Turlybekuly, N. Yerdybayeva 

 
The distribution of thermal fields is simulated with the thermal action of the electron beam on 

stainless steel. To obtain data on the temperature distribution in the material, thermal loads are 
modeled. Two heating options were considered - without contact with the surface and with contact with 
the surface. The graphs showing the maximum attainable temperatures with a spot of specified sizes for 
stainless steel 12Х18Н10Т (EN 1.4541) are presented. 
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Introduction 

Development of methods for mathematical 
modeling of physical processes and development of 
computational algorithms for their implementation 
provides opportunities for theoretical description and 
analytical justification of the mechanisms of the effect 
of electron irradiation on materials. In addition, the 
creation of computer simulation systems using 
modern software and the installation of computational 
experiments make it possible to conduct problem-
oriented studies and predict the models of the system's 
behavior in the conditions of a full-scale experiment. 

The software analysis system for finite elements 
ANSYS 13.0 was used to build the model [1-2]. The 
solution of the problem for details of arbitrary 
geometry is found numerically using the built-in 
modules Transient Thermal and Steady-State 
Thermal.   

Modeling 

The material of the sample was 12Х18Н10Т (EN 
1.4541) steel. Two heating options were considered - 
without contact with the surface (Option 1) and with 
contact surfaces (Option 2). The dimensions of the 
finite element model and the physical and technical 
data in both variants were introduced in the 
Mechanical application. The characteristics of the 
model are given in Table 1. 

Fig. 1 shows a fragment of the program showing 
the simulation of the grid. The grid was generated 
automatically. The grid cell size was set manually to 1 
mm. A stack of 4724 elements was obtained. 

Each step of the model corresponded to 1 from the 
heating time, and it took 1000 iterations to solve and 
construct the temperature distribution with heating. 

 

Table 1 
The characteristics of the model 

Sample size 50×10×1 mm 

Density of steel 8055 kg /m3 

Thermal conductivity 13.8 W /m °С 

Specific heat 480 J/kg °C 

Weight of steel sample  40.2·10-3 kg 

Initial temperature 22 °С 

Radius of the heat spot 1·10-3 m 

Heat current density ~1.9·107 W/m2 

 

     

 

 
Fig. 1. Generating the model grid in Ansys 13.0. 
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Fig. 2 shows the program fragments showing the 
graphical result of the calculations. The Fig. shows the 
temperatures at random points located around the 
heating spot. On the left is the temperature scale. 

 

 

 
Fig. 2. Results of calculating the temperature field without 

contacting surfaces. 

According to calculations, the spot diameter is ~6 
mm. The spot is asymmetrical, stretched to the edge of 
the sample. 

 

 

 
Fig. 3. Results of calculating the temperature field with 

allowance for contacting surfaces. 

 

Fig. 3 shows the result of the calculation in the 
variant taking into account the contacting surfaces. It 
is seen that the diameter of the spot is reduced to ~3 
mm. The spot is asymmetric, the distribution of 
temperatures with strong edge effects. 

Fig. 4 shows a fragment of the geometry of the 
sample with a temperature distribution along the 
thickness of the sample. The cut is made at a distance 
of 0.1 mm from the center of the heating spot. 

 

 

 
Fig. 4. Temperature field across the cross section of the 

sample. 

 

 
Fig. 5. Temperature field in the cross section of the sample 

in the presence of contacting surfaces. 
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Fig. 5 shows a fragment of the geometry of the 
sample with a temperature distribution along the 
thickness of the sample in the variant with contacting 
surfaces. The cut is made at a distance of 0.1 mm from 
the center of the heating spot. It is seen that in the 
presence of contacting surfaces, the diameter of the 
spot decreases, and the general form of the 
temperature distribution changes. 

Fig. 6 is a graph showing the change in 
temperature at the center of the heating spot in 20 
steps, which corresponds to 20 seconds. 

 
Fig. 6. Temperature dependence in the center of the spot 

versus time. 

Fig. 7 and Fig. 8 show the temperature distribution 
of the sample height for the two options. The distance 
was measured from the center of the spot on the 
surface into the interior of the sample. 

 
Fig. 7. Temperature distribution over sample height in the 

first option. 

 
Fig. 8. Temperature distribution over the sample height in 

the second option. 

 
Fig. 9. Temperature distribution along the length of the 

sample in the second option. 

 
Fig. 10. Temperature distribution over the width of the 

sample in the second option. 

 
Fig. 11. Temperature distribution in the second option. 

Conclusions 

Based on the results of the research, a program was 
developed for modeling the heating of sample 
materials. The developed simulation program makes it 
possible to determine the temperature of a sample 
irradiated with an electron beam. 

The graphs showing the maximum attainable 
temperatures with a spot of specified sizes for 
stainless steel 12Х18Н10Т (EN 1.4541) are presented. 
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