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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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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. 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 
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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 

16  400    

  
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. 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. 26 Transversal residual stress  in the 100A current  
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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  
32 120   

  
Fig. 33 Distortion in the 140A current  

33 140   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.1

9.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

29
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.19.2
https://mme.modares.ac.ir/article-15-3822-fa.html


    

    Ti-6Al-4V      

13951611  153  

 (Ti6Al4V)   
  

 

13.47 %23.5 % 
 18.4 %27.8 % 

    
) 2.64(%

   
  

  
 .

 
 25.6 %44 %   

 

17.7 %
  

21%   
  

35 %132 % 
 40 %132 %   

 -6  
[1] R. R. Boyer, Attributes, characteristics, and applications of titanium 

and its alloys, Journal of Materials, Vol. 62, No. 5, pp. 21-24, 
2010. 

[2] G. Lutjering, J. C. Williams, Titanium 2th edition, Berlin Heidelberg, 
NewYork, Springer-Vereg, pp. 87-104, 2007. 

[3] T. Otani, Titanium Welding Technology, Nippon Steel Tecnichal 
Report, No. 95, pp. 88-92, USA,2007. 

[4] H. Vemanaboina, S. Akella, R. K. Buddu, Welding process 
simulation model for temperature and residual stress analysis, 
Procedia Materials Science, Vol. 6, No. 1, pp. 1539-1546, 2014. 

[5] D. Deng, Sh. Kiyoshima, FEM prediction of welding residual 
stresses in a SUS304 girth-welded pipe with emphasis on stress 
distribution near weld start/end location, Computational Materials 
Science, Vol. 50, No. 3, pp. 612–621, 2010. 

[6] S. A. A. Akbari Mousavi, R. Miresmaeili, Experimental and 
numerical analyses of residual stress distributions in TIG welding 
process for 304L stainless steel, Journal of Materials Processing 
Technology, Vol. 208, No. 1, pp. 383–394, 2008.  

[7] D. Akbari, I. Sattari-Far, Effect of the welding heat input on 
residual stresses in butt-welds of dissimilar pipe joints, 
International Journal of Pressure Vessels and Piping, Vol. 86, No. 
11, pp. 769-776, 2009. 

[8] W. Li, T. Ma, J. Li, Numerical simulation of linear friction welding 
of titanium alloy Effects of processing parameters, Materials and 
Design, Vol. 31, No. 3, pp. 1497–1507, 2010. 

[9] C. Liu, C. L. Dong, Internal residual stress measurement on linear 
friction welding of titanium alloy plates with contour method, 
Transactions of Nonferrous Metals Society of China, Vol. 24, No. 
5, pp. 1387 1392, 2014. 

[10] J. Lesniewski, A. Ambroziak, Modelling the friction welding of 
titanium and tungsten pseudoalloy, Civil and Mechanical 
Engineering, Vol. 15, No. 1, pp. 142-150, 2014. 

[11] P. Chang, T. Teng, Numerical and experimental investigations on 
the residual stresses of the butt-welded joints, Computational 
Materials Science, Vol. 29, No. 4, pp. 511-522, 2004. 

[12]  M.  Ghassabzadeh,  H.  Ghassemi,  M.  Nahali,  Study  of  welding  
temperture history by dual reciprocity boundary element method, 
Modares Mechanical Engineering, Vol. 11, No. 3, pp. 95-103, 
2011. (in Persian ) 

[13]   J.  Goldak,  A.  Chakaravarti,  M.  Bibby,  A  new  finite  element  
model for welding heat sources, Metallurgical Transaction, Vol. 
15B, pp. 299-305, 1984. 

[14] V. Kariminia, I. Satarifar, Investigating the influence of effective 
parameters on the residual stresses in circumferentially arc welded 
thin walled cylinders of aluminume alloy series 5000, Modares 
Mechanical Engineering, Vol. 15, No. 3, pp. 377-386, 2014. (in 
Persian ) 

[15] S. Nokhodchi, S. Akbari Iraj, A. Shokuhfar, H. Rezazadeh, 
Numerical and experimental study of temperature and residual 
stress in multi-pass welding of two stainless steel plates having 
different thicknesses, Modares Mechanical Engineering, Vol. 14, 
No. 9, pp. 81-89, 2014. (in Persian ) 

[16]  E.  Nateghi,  A.  Gorji  Volukola,  Study  on  the  effect  of  weld  
configuration geometry to distribution of residual stress and and 
temperature in the welded patrs of stainless steel, Modares 
Mechanical Engineering, Vol. 15, No. 11, pp. 105-116, 2015. (in 
Persian ) 

[17] S. H. Zargar, M. Farahani, M. K. Besharati Givi, Investigation on 
the effects of welding parameters on the submerged arc welding 
efficiency, Modares Mechanical Engineering, Vol. 13, No. 12, pp. 
79-87, 2014. (in Persian ) 

[18] X. K. Zhu, Y. J. Chao, Effects of temperture dependent material 
propeties on welding simulation, Computers and Structures, Vol. 
80, No. 11, pp. 967-976, 2002. 

[19] R. Boyer, G. Welsch, E. W. Colling, Materials Properties 
Handbook: Titanium Alloys, ASM International, Materials Park, 
OH, 1994. 

[20] M. R. Farahani, I. Satarifar, Study  the effect of number of welding 
passes on the residual stresses in butt-welded plates, 2thinternatinal 
and 8th national conference on manufacturing engineering, Tehran, 
Iran, 2006. (in Persian ) 

[21] ERTi-5(6Al-4V) Welding Wire and Rod, U.S.ALLOY Co & AWS, 
Washington, USA, 2009, Accessed on 25 April 2015; 
http://www.weldingwire.com. 

[22] D. Deng, H.  Murakawa, Numerical simulation of temperature 
field and residual stress in multi-pass welds in stainless steel pipe 
and comparison with experimental measurements, Computational 
Materials Science, Vol. 37, No. 3, pp. 269-277,  2006. 

 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.1

9.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

29
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.19.2
https://mme.modares.ac.ir/article-15-3822-fa.html
http://www.tcpdf.org

