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Numerical Simulation of the Pre-Deform TIG Welding
of Thin-Walled Spherical Shells
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Abstract: To analyze the deformation of large-scale thin-walled spherical shells during pre-deform
TIG welding process, a sub-structure analysis method is proposed based on non-linear numerical
calculation procedure. The whole structure is divided into two parts, which are flange-skin
substructure and the other part of the shell. First, the pre-deformation of the substructure is
analyzed, based on which its thermo-stress field could be obtained by means of thermo-plastic
analysis. Afterwards, the substructure is assembled with the other shell part and the constraints
are removed, and the residual stress and strain fields of the whole structures could be obtained.
The results reveal that, when the pre-stress along the inner edgé of the skin reaches its yield
stress, the residual deformation would be reduced by 65%.
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Fig. 3 FEM model of the sub-structure
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Fig.4 Pre-deformation analysis results of the skin in the
sub-structure
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Tab.1 Thermal and mechanical properties of the material

under different temperatures

. . —6 4
T/K mf{ (.VZ<_1) kgf“l/ fJK,l) E/GPa ¥ (Klf)l) ov/MPa
373 140 1245 65 23.9 170
473 147 1400 62 24.6 170
573 151 1851 60 25.3 160
673 162 1431 56 26.0 110
773 175 1493 50 27.0 60
873 175 1556 40 28.0 50
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Fig. 5 Thermal analysis results of the substructure
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