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Thermal field simulation of TC4 processing using

nanosecond Double-pulse laser
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Abstrac: Addressing the complexities of thermo-mechanical coupling mechanisms and the lack of theoretical guidance
for process parameters in dual-pulse laser processing of TC4 titanium alloy, this study employs a multiphysics coupled finite
element model to investigate the evolution of the temperature field and ablation morphology under different pulse delay times.
A two-dimensional model integrating the enthalpy-porosity and level set methods was developed to simulate the interaction
between nanosecond dual-pulse laser and TC4 material. The results indicate that the secondary pulse achieves a 1.62 times
higher temperature rise efficiency than the first pulse, demonstrating a significant thermal accumulation effect. At
microsecond-level delays (1~4 ps), the heat-affected zone in dual-pulse processing is significantly smaller than that in single-
pulse processing, with higher ablation temperatures observed at shorter delays. An optimal parameter window (100 ns de-
lay) exists within the nanosecond delay range, where the ablation temperature peaks at 904.52 K. The evolution of the abla-
tion diameter strongly depends on the delay time, exhibiting nonlinear expansion under microsecond delays and quasi-linear
growth under nanosecond delays. This study provides a theoretical basis for optimizing dual-pulse laser processing param-
eters.
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