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Abstract  Stress distribution and failure behavior of laser transmission welding parts are studied by means of
simulation and experiment during the tensile process. The welding parts of PA66 are chosen as the research object
and the numerical simulation model of the tensile experiment is established. The tensile deformation and the
corresponding load-displacement curves of welding parts are simulated and compared with the results of tensile
experiments. Analysis of the shear and Von Mises stress distribution of welding parts during the process of tensile
experiment is carried out. The failure behavior of tensile specimen can be studied from the aspect of shear and
tensile failure. The numerical simulation model can well predict the tensile deformation of the welding parts. The
maximum shear stress occurs in the vicinity of the four corners of a rectangular weld area near the weld interface,
which are also the starting positions of the shear failure. Because the maximum shear stress is much less than the
shear strength of PA66, the tensile shear failure is less likely to occur. The predicted tensile failure and the failure
position of welding parts by numerical simulation are consistent with the experimental results. The accuracy of
numerical simulation method for analyzing and predicting the tensile failure behavior of the welding parts and the
reliability of the numerical simulation model of tensile process are verified.
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Fig. 1 (a) Schematic of tensile test; (b) schematic of tensile specimen dimensions
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Table 1 Welding process parameters

Process parameter Laser power /W Scanning speed /(mm/s) Clamping force /N Spot diameter /mm

Specific value 7 5 150 1
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Fig. 2 Stress-strain curves of PA66 plastic stage at different temperatures
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Table 2 Stress-strain data of PA66 at 23 C

Stress /MPa 0 75.3638 80.3225 82.5231 83.6234
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Fig. 3 Typical failure mode of specimen under Fig. 4 Experimental and simulated load-displacement
tensile force curves for tensile specimen
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Fig. 5 Simulated results of deformation of tensile specimen [S increases from (a) to (e)]
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Fig. 6 Experimental results of deformation of tensile specimen[S increases from (a) to (e)]
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Fig. 8 Shear stress distribution along the welding direction (Z-direction) at the interface when S=0.6 mm
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Fig. 10 Contours of Von Mises stress when S=0.6 mm. (a) End face of Z=20 mm; (b) end face of Z=0 mm
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Fig. 11 Crack profiles in the transparent PA66 after fracture. (a) Welding interface; (b) outside face
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