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Abstract: During the directional energy deposition process of titanium alloys, complex moving heat sources, high cooling rates, and
multiple thermal cycles significantly affect the temperature field, residual stress field, and multi-scale microstructure evolution,
resulting in uneven microstructure and mechanical properties of the formed components. This article focuses on the microstructure
evolution driven by thermal history in additive manufacturing of TC4 titanium alloy, establishes a finite element based temperature
stress simulation framework, and systematically studies the effects of different heat source modes and process parameters on
temperature and stress fields. A three-dimensional transient thermal analysis and sequential coupled thermo mechanical finite element
model were established using ABAQUS for oscillating laser+arc composite heat source and pure arc heat source. The results indicate
that the introduction of oscillating laser increases the width of the melt pool, reduces its length and depth, enhances lateral thermal
redistribution, concentrates the peak distribution of multi-layer thermal cycles, and reduces the overall equivalent stress peak. The
established temperature stress simulation framework can provide theoretical basis for tissue homogenization and performance
optimization in titanium alloy directional energy deposition, especially for the lightweight and high durability manufacturing of
high-performance sports equipment such as competition bike frames, golf club heads, tennis rackets, and sports rehabilitation
prosthetics.
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