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In this paper, experimental data have been used to develop a semi empirical relationship for double-
ellipsoidal heat source to model the welding process of a T-shape fillet weld of carbon steel AISI 1020 
and stainless steel 304. This model is used in a finite element based computer code to simulate the three 
dimensional welding process and obtain the temperature profile around the weldment. Experimental 
data in the form of temperature for certain points have been recorded during the welding process using a 
computerized data processing system which has been designed for this purpose. Also, the thickness of 
the weldment layers has been compared by observing their hardness and crystallography. By comparing 
experimental data with numerical result, the coefficient of the model has been determined using “model 
updating” process. The effects of material properties and welding parameters have been studied to 
insure the generality of the model. This model can be used to evaluate the quality of the welding and 
thickness of the heat affected zone as well as the risks during the welding process such as burn-through 
and hot cracking. The main advantage of this model is that the number of coefficients is reduced to only 
one parameter and the rest have been related to the physical and geometrical characteristics of the weld. 
Results of the numerical simulation obtained using this model show that the major factors which affect 
the temperature distribution around the weldment are material conductivity, plate thickness, input 
heating and welding speed.  
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Fig.  1 Variation of the thermal conductivity for AISI 304 and 
AISI 1020 with temperature [28]  
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Table 1 Chemical composition of the steels  

 
C 
%  

Cr 
% 

Mn 
%  

Ni
% 

P 
% 

S 
%  

Si
%  

AISI 304  0.06  18  1.95  8.9  0.02  0.01  0.4  

AISI 1020 0.2  0.03  1.03  -  0.04  0.05  0.2  

  

  

Fig. 2 Schematic figure of T-shape joint plate 
2 T  

  
1  304 1020  ]12,26,27[  

Table 2 Temperature-dependent thermo-physical and mechanical properties for AISI 304 and AISI 1020 [12,26,27]  

  
)°C( 

  
)J/g°C( 

  
)W/mm°C( 

  
)g/mm3( 

  
)MPa( 

  
)GPa( 

 
  

 AISI 304  AISI 
1020  

AISI 
304  

AISI 
1020 

AISI 
304  

AISI 
1020  

AISI 
304  

AISI 
1020  

AISI 
304  

AISI 
1020  

0  0.462  0.480  0.0146  0.060  0.790  0.785  265  380  198.5  210  0.294  
100  0.496  0.500  0.0151  0.050  0.788  0.785  218  340  193.0  200  0.295  
200  0.512  0.520  0.0161  0.045  0.783  0.780  186  315  185.0  200  0.301  
400  0.525  0.650  0.0179  0.038  0.779  0.776  170  230  176.0  170  0.310  
600  0.540  0.750  0.0180  0.030  0.775  0.760  155  110  167.0  80  0.318  
800  0.577  1  0.0208  0.025  0.766  0.752  149  30  159.0  35  0.326  
1000  0.604  1.2 0.0239  0.026  0.756  0.739  91  25  151.0  20  0.333  
1200  0.676  1.4  0.0322  0.028  0.737  0.730  25  20  60.0  15  0.339  
1400  0.692  1.6  0.0337  0.037  0.732  0.725  21  18  20.0  10  0.342  
1500  0.700  1.7  0.120  0.037  0.732  0.718  10  15  10.0  10  0.388  
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1- Manual Metal Arc Welding 
2- Rutile 
3- On-site  
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 3  304 1020    
Table 3 Welding conditions for AISI 304 and AISI 1020 plates with different thicknesses  

  
  

)mm( 
  

     )A( 
  

)V( 
  

)mm/sec( 
  

)mm( 
1 AISI 304 5 90 28 2.34 5 
2 AISI 304 6 90 28 2.34 5 
3 AISI 304 8 90 28 2.34 5 
4 AISI 1020 5 103 24 1.75 5 
5 AISI 1020 6 103 24 1.64 5 
6 AISI 1020 8 103 24 1.37 5 

 
2 -2-    

           
     )  (       
         .       10 
          .     

     K     ASTM 
E235/E235M-12 .     .    

            3  
 .   

       
 0.1    

      ) 
 0.1 °C/sec(  . 

4 5    

3-  
  T      

  

  

Fig.  3 Locations of the thermocouple joint-points at the lower 
surface of the main plate for temperature measurements 
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Fig.  4 Schematic diagram of the test rig for data recording 
during the welding of T-shape joint plates 
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Fig. 5 Experimental rig 
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Table 4 The minimum element size, the number of nodes and 
elements in the numerical models 

 
  

)mm(  
  

)mm3( 
   

1  5  0.5×0.5×1  121045  105696 

2  6 0.5×0.5×1 167486 143695 

3  8 0.5×0.5×1 214817 183595 
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Fig.  6 Finite element model for the fillet weld of 6mm-
thickness plates 
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Fig. 7 Transformation of the coordinate system 
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Fig. 8 Representation of the parameters to define heat source 
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At = 0 (on the surface) 
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Fig. 9 Flowchart for the “model updating” procedure 
9 " "   

  

5 " "  
Table 5 Coefficients for the numerical model obtained based 
on the “model updating” procedure  
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Fig. 10 Experimentally measured temperature levels during the 
welding of AISI 304 and AISI 1020 plates with 6mm-thickness 
for the specified points 
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Fig. 11 Comparing the experimentally measured temperature 
levels during the welding and cooling periods for AISI 304 and 
AISI 1020 plates with 6mm-thickness for point 2 
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Fig. 12 An etched section of the weldment showing the weld-
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Fig. 14 Temperature contours during the welding of 6mm AISI 
304 plates in section through point 3 when temperature at this 
point is maximum 
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Fig. 15 Temperature contours during the welding of 6mm AISI 
1020 plates in section through point 3 when temperature at this 
point is maximum 
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Fig. 16 Temperature level during the welding of 6mm-304 
plates at defined path in a section through point 3 when 
electrode passes this section, 2 seconds after and when 
temperature is maximum in point 3  
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Fig. 17 Temperature level during the welding of 6mm-1020 
plates at defined path in section through point 3 when electrode 
passes this section, 2 seconds after and when temperature is 
maximum in point 3 
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Fig. 18 Comparing the experimentally measured temperature 
levels and results for the numerical solutions at point 2 during 
the welding and cooling periods for 6mm- 304 and 1020 plates. 
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percentage 
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