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Abstract In order to optimize the laser welding process of industrially pure titanium TAZ2, a nonlinear transient thermal
coupling model is established by finite element analysis method on the platform of ABAQUS software in this paper. The
thermal stress field during laser welding of TAZ2 industrial pure titanium with a thickness of 6 mm is analyzed. Considering
the temperature dependence of the material thermophysical property parameters, and the combined loading of the moving
Gaussian surface heat source and the cone heat source is realized by FORTRAN programming. The reliability of the
composite heat source is verified by experiments, and the maximum temperature at different positions in the molten pool and
the cooling rates in different temperature ranges under different process parameters are compared and analyzed. The results
show that both the laser power and the welding speed have a great influence on the maximum temperature of the molten pool
and the cooling rate in different temperature ranges, and the molten pool is more affected by the welding speed.
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Fig. 1 Model of the meshing
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Fig. 2 Heat source model. (a) Gaussian surface heat source;
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(b) cone heat source
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and simulation
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Table 1 Weld dimensions obtained by experiment and simulation

Laser Welding speed /  Defocusing W, /mm W, /mm W, /mm
No. power /W (mm-s ") distance Ey Sk Eq Sk Eq Sk
@ 7500 20 +5 3. 20 3.13 2.22 2.15 1.61 1.54
©) 7500 25 +5 2.82 2.70 1.63 1.60 1.25 1.20
©) 7500 30 +5 2.41 2.33 1.38 1. 36 0. 88 0.82
@ 6500 25 +5 2.61 2.52 1. 54 1.42 0.97 0.85
® 8500 25 +5 3.12 2.91 2. 10 1.95 1.51 1.40
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Fig. 5 Temperature field distribution of welding process. (a) 7=0. 2 s; (b) 7=0. 8 s; (¢) r=1. 6 s; (d) =2.0's
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Fig. 6 Schematic diagram of welding thermal cycle curve

taking points. (a) Top surface; (b) weld cross section
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Fig. 7 Thermal cycle curves of different nodes. (a) Welding direction; (b) depth direction; (¢) weld direction
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Fig. 8 Influence of process parameters on the maximum temperature. (a) Influence of power on maximum temperature; (b) influence of

welding speed on maximum temperature
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