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ABSTRACT: The paper presents comparisons of the thermal field when welding with electric arc in a shielding gas 

environment, between experimentally determined and simulated results with a dedicated software program, in view, and 

the calculation of errors introduced by the finite element calculation model. The results of the errors confirm the 

correct approximation of the thermal field model. From the comparison of the measured temperature results with those 

obtained by simulation, experimental programs can be developed that lead to close values within acceptable practical 

limits.   
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1. INTRODUCTION  
During the experimental program, X60 steel 

sheets were welded with an electric arc in a 

protective gas environment. The parameters 

of the welding regime were optimized: Ua= 

33V, Is= 395A, vs= 47cm/min. The analysis 

of the values deduced by simulating the 

process at the end of the welding brings a 

different situation from the previous ones. In 

a short time, there was a sharp rise in 

temperature. Consequently, the components 

to be welded were subjected to a particularly 

pronounced thermal heating gradient. The 

respective evolution of the temperature is 

similar, with acceptable differences between 

the simulated and the actually measured 

values. Differences are found in the interval 

of 4 - 6 seconds, when the measured values 

have an evolution with a much higher 

gradient compared to those obtained by 

simulation [1], [2]. 

2. ERRORS CALCULATION 
The results of the experimental measurements 

of temperature variation over time, chosen for 

three areas: at the beginning, middle, and end 

of the welded seam, were superimposed over 

the results obtained by simulation with the 

Ansys modeling and simulation program, 

dedicated to the application under discussion 

Figure 1, Figure 2 and Figure 3 [3], [4]. 

The numeric values are shown in Table 1, 

Table 2, and Table 3. For this purpose, in 

figure 4, fig.5, fig.6, the temperature 

evolution diagrams determined by the 

mathematical modeling (TMEF, blue color), 

respectively effectively measured (TM, red 

color) are superimposed [5], [6]. 

 

Table 1.  The values of the errors obtained by comparing the measured  

and simulated values at the beginning of the welding 

Time [s] 0 2 4 6 8 10 12 14 16 18 20 

TM [°C] 20 1133 1060 960 892 706 608 490 350 241 233 

TMEF [°C] 20 1112 1025 965 871 754 643 550 434 311 231 

Errors [%] - 2 3 1 2,3 6 5,7 10 11 4 0,8 
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The evolution of the temperature in the area 

located in the middle of the welded seam, 

highlights a slightly higher speed of heating, 

but also of cooling, compared to those found 

in the evaluation at the beginning of the 

welding process. It is noteworthy that 

between approx. 700°C and maximum 

temperature values, there are no significant 

differences in the speeds monitored in the 

previous conditions. 

After t = 5 seconds, the two variation curves, 

measured and simulated, are highlighted by 

the fact that the measured temperatures are 

higher than the simulated ones, but they still 

have the same allure. One of the reasons 

could be that the temperature constants of the 

material as a function of temperature are not 

precisely known. 

 
Figure 1.  Comparison of measured temperature results (TM - red color) 

and simulated (TMEF - blue color) at the beginning of welding.

What has been detailed above has been 

identified theoretically and experimentally. 

Thus, at the beginning of the welding, rapid 

heating is reached until a maximum 

temperature is reached. Cooling is done at a 

lower speed than the preliminary one, 

respectively measured. Obviously, over time, 

the cooling rate decreases [7].  

It is found that the mathematically estimated 

values were below the values actually 

recorded in the actual welding conditions. The 

largest difference was identified after approx. 

2 seconds from the start of welding, when the 

peak temperature is reached. 

Thus while the measured temperature which 

is also the actual temperature for this moment, 

reaches 1133°C, the simulated temperature is 

1112°C. Although the deviation is small 

(approx. 2%), it demonstrates once again the 

dependence of the material properties on 

temperature. At subsequent cooling moments, 

the mentioned temperature difference is 

smaller [8]. 

Table 2.  The values of the errors obtained by comparing the measured  

and simulated values at the middle of the welding 

Time [s] 0 2 4 6 8 10 12 14 16 18 20 

TM [°C] 20 1515 1466 1367 1250 1037 890 721 555 434 311 

TMEF [°C] 20 1535 1421 1327 1200 998 851 673 505 400 278 

Errors [%] - 1 3 3 4 4 4 6 9 8 10 
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Figure 2.  Comparison of measured temperature (TM, red)  

and simulated (TFEM, blue) results in the middle of welding. 

 

It is worth noting a better approximation 

between the temperature values determined 

by the mathematical modeling (TM, blue 

color), respectively actually measured (TR, 

red color). In some parts, the curves for the 

two temperature evolutions even intertwine. 

This allows the statement that there is a good 

concordance between the values estimated by 

simulation, with those experimentally 

recorded. The situation is the basis for the 

validation of the mathematical model initially 

envisaged. 

 
Table 3. The values of the errors obtained by comparing the measured 

and simulated values at the end of the welding 

Time (s) 0 2 4 6 8 10 12 14 16 18 20 

TM [°C] 20 1200 1008 998 877 735 611 404 308 235 200 

TMEF [°C] 20 1211 1100 950 821 689 565 367 278 211 189 

Errors (%) - 9 9 4 6 6 7 9 9 10 6 

 

 
Figure 3.  Comparison of measured temperature (TM, red)  

and simulated (TFEM, blue) results at the end of welding. 
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3. CONCLUSION 
The calculation of the thermal cycle based on 

calculation based on the use of nomograms, 

can generate errors based on simplified 

assumptions accepted when establishing 

calculation formulas, or the use of values of 

material constants that are not dependent on 

temperature. 

From the comparison of the measured 

temperature results with those obtained by 

simulation, experimental programs can be 

developed that lead to close values within 

acceptable practical limits. In this way, the 

activity of technological engineers is 

facilitated, shortening the time of elaboration 

and application of welding technologies. 

As the distance from the seam axis increases, 

the maximum temperature reached decreases 

rapidly at first, then more and more slowly. 

Reaching temperature peaks is time lag. At 

the same time, with the increase of the 

distance from the seam axis, the maximum 

level of the local temperature is reached later. 

At the same time, the cooling speeds are 

lower at a greater distance from the seam axis. 

The duration of keeping the materials at 

higher temperatures increases with the 

increase, within certain limits, of the distance 

from the axis of the cord deposited during 

welding.  

The involvement of the volume and nature of 

the material adjacent to the one deposited for 

welding has the essential role. 
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