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Finite element simulation and experimental study about laser
micro-joining between biopolymer and metal

CHEN Yu-jiao, GUO Zhong-ning, LIAN Hai-shan
(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: In order to understand the laser micro-joining mechanism better, based on the ANSYS, finite element
simulation software, the Gaussian heat source model was adopted to simulate the dynamic temperature filed in the process of
welding polyethylene terephthalate (PET) and biomedical Ti. The transition highest peak temperature variation during the
process of welding was recorded with a thermal infrared imager and the actual welding seam width was measured with a
digital microscope in super depth of field. The simulation results are conforming to the experimental results. Simulation
result suggests that the isotherm is as an ellipse. Meanwhile, there is intensive isotherm and larger temperature gradient in
the front of the spot center, on the contrary, sparser isotherm and smaller temperature gradient at the back of the spot
center, which verifies the applicability of the model established by moving heat source during the laser welding based on
PET/Ti sheets applying to the temperature field simulation.
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Table 1  Parameters of laser micro-joining process

number power/W pulse width/ms rate/Hz joining speed /(mm + s ')

1 35 6 20 4
2 45 6 20 4
3 55 6 20 4
4 65 6 20 4
5 75 6 20 4
laser
«— clamp

|

Fig. 1 Schematic diagram of joining process
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Table 2 Properties of biopolymer material PET and medical pure Ti

parameters PET Ti
density p,,/ (kg + m~%) 1455 4507

glass transition temperature/K 353 —
melting temperature/K 528 1941

specific heat capacity ¢/(J - kg™' - K™1) 1000 520

thermal conductivity /(W + m~! «+ K1) 0.24 1.08 x10 73
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Fig.2 Heat-flow density of Gaussian model
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Fig.3 The highest temperature in joining with the power of 55W
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Fig.4 The highest temperature variation curve of the interface perpen-

dicular to weld direction in the process of joining( ¢ =3s)
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Fig.5 Width of bonding zone by the simulation and experimental with

different laser power
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Fig. 6  Temperature field distribution at the interface between PET film

and Ti sheet at different times
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Fig.7 Curves of temperature changes of four nodes along the centerline
of the laser travel
a—the points are chosen from biomedical Ti b—the points are
chosen from PET
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Fig.8  Variation curves of temperature of four nodes perpendicular to

weld direction
a—the points are chosen from biomedical Ti b—the points are

chosen from PET
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