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 ual stresses and distortion are of the main disadvantages of welding process which determining the 
amount and distribution of them have great importance in the design of structures, especially in the 
space industry. In this study, a finite element method is used to analyze the thermo- mechanical 
behavior of a spherical shell due to TIG welding. The spherical shell is made of titanium alloy (Ti-6Al-
4V) with 2 mm thickness. The modeling of welding process is based on an uncoupled thermo- 
mechanical coupling. TIG welding is examined for six cases based on current intensity and welding 
progress speed setting the voltage on 12 V in all cases. Distribution of temperature and residual stresses 
caused by TIG welding of the titanium spherical shell have been extracted and compared among the six 
different cases. The effects of current intensity and welding progress speed on shell distortion and 
residual stress have been investigated. The results showed that increasing the current intensity and 
decreasing the welding progress speed have the most effects on longitudinal residual stresses which the 
amount of this increasing reached to %44 for  decreasing the welding progress speed. Welding 
distortion increases to maximum %132 by increasing current and decreasing welding progress speed. 
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Table 1 Specification of welding methods used for titanium alloys [3] 

 EB  PAW  GMAW GTAW  

)  3   1/8–3/8  1/4–3  1/32–1/4  

       

        
      
          
          

    
  

    

          

    
 

  
    

1 Gas Tungsten Arc Welding (GTAW) 
2 Gas Metal Arc Welding (GMAW) 
3 Plasma Arc Welding (PAW) 
4 Electron Beam (EB)
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Fig.1 Mechanical properties of titanium alloy (Ti-6Al-4V) at different 
temperatures [19] 
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Fig.  2  Thermal properties of titanium alloy (Ti-6Al-4V) at different 
temperatures [19] 
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Fig. 3 Model meshing 
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Fig. 4 Mechanical constraints 
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Table 2 Characteristics of welding heat source 

 
)V( 

)A( 
   

)mm/Min( 
  

)J/mm(  

1  12  100  400  127.3 
2 12 120 400 152.7 
3 12 140 400 178.2 
4  12  100  300  168 
5  12  120  300  201.6 
6  12  140  300  235.2 

  

Fig.  5 Comparing thermal Analysis results of the present study with 
experimental results [22] 
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Fig.  6 Comparing axial residual stresses of present simulation with 
experimental result [22] 
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Fig. 7 Welding sequence and temperature calculation points 

7    

Fig. 8 Temperature versus time in the first case welding  
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Fig. 9 Temperature versus time in the second case welding  
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Fig. 10 Temperature versus time in the third case welding  
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Fig. 11 Temperature versus time in the fourth case welding  
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Fig. 12 Temperature versus time in the fifth case welding  
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Fig. 13 Temperature versus time in the sixth case welding  
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Fig. 14 Von Mises residual stress in the welding progress speed of 
400mm/Min 
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Fig. 15 Von Mises residual stress in the welding progress speed of 
300mm/Min 
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Fig. 16 Longitudinal residual stress in the welding progress speed of 
400mm/Min 
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Fig.17 Longitudinal residual stress in the welding progress speed of 
300mm/Min 
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Fig. 18 Transversal residual stress in the welding progress speed of 
400mm/Min 
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Fig. 19 Transversal residual stress in the welding progress speed of 
300mm/Min 
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Fig. 20 Von Mises residual stress in the 100A current  
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Fig. 21 Von Mises residual stress  in the 120A current  
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Fig. 22 Von Mises residual stress  in the 140A current   
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Fig. 23 Longitudinal residual stress  in the 100A current  
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Fig. 24 Longitudinal residual stress  in the 120A current  
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Fig. 25 Longitudinal residual stress  in the 140A current 
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Fig. 26 Transversal residual stress  in the 100A current  
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Fig. 27 Transversal  residual stress  in the 120A current  
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Fig. 28 Transversal residual stress in the 140A current  
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Fig. 29 Distortion in the welding progress speed of 400mm/Min 
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Fig. 30 Distortion in the welding progress speed of 300mm/Min 
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Fig. 31 Distortion in the 100A current 
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Fig. 32 Distortion in the 120A current  
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Fig. 33 Distortion in the 140A current  
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