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Simulation of temperature, stress and deformation during
double pulsed MIG welding of aluminum alloy
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Abstract: Based on thermo-elastic-plastic model, a three-dimensional finite element model was applied to simulating the
temperature, residual stress and deformation fields of 6061-T6 T-joint weld during double pulsed MIG (DP-MIG)
welding process. During describing the heat source of DP-MIG, the heat input was simplified to change between thermal
pulse and thermal base at the cycle of low pulse. The technique of element birth and death was employed to simulate the
weld filler in T-joint fillet welds. The simulation results show that the stress located at fusion zone reaches 273 MPa,
which induces a 1.61° angular distortion. Besides, temperature and stress fields will change with the cycle of low pulse.
The temperature of weld pool is lower and the weld pool size is smaller during thermal base compared with that in
thermal pulse, while the stress of weld pool shows an opposite tendency. The cyclic change of temperature and stress
between thermal pulse and thermal base during welding process results in the formation of typical ripples appearance on
the weld joints, as well as enhances the flow of weld pool to produce more uniform and finer microstructure. The
comparison between the experiment and simulation results shows a good agreement, which verifies the precision of
welding simulation.
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Fig. 1 Principle of double pulsed-MIG welding
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Fig. 2 Experimental setup (a) and schematic diagram of

temperature measuring points (b) of T-joint
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Table 1 Technique parameters of double pulsed MIG welding

Thermal pulse Thermal base
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average current, average current,
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Fig. 3 Overall deformation and appearance of T-joint after

welding
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Fig. 4 3-D finite element mesh model of T-joint
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Fig. 5 Double ellipsoid heat source model
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Fig. 6 Temperature distribution and weld pool dimension of thermal pulse (a) and thermal base (b) during welding process
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Fig. 7 Comparison between simulation and experiment

results of weld pool size at middle section of welding center

(a) and temperature cycle of points 4, B, C shown in Fig. 2(b)
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Fig. 8 Residual stress distribution (a) and welding

deformation (b) of T-joint after welding
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Table 2 Comparison of simulation and experiment results of

welding deformation of T-joint

Distance along Angular
Result
Z direction /mm deformation/(°)
Simulation 1.05 1.50
Experiment 1.1 1.61
Deviation 4.5% 6.8%
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Fig. 9 Stress comparison between thermal pulse and thermal

base
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Fig. 10 Longitudinal and transverse residual stress

distribution perpendicular to weld line
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