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Cross Scale Modeling of Directional Energy Deposition and B-Grains Growth in Titanium
Alloy for Sports Equipment
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Abstract: During the directional energy deposition process of titanium alloys, complex heat sources, high cooling rates, and multiple
thermal cycles significantly affect the temperature field, residual stress field, and microstructure evolution, resulting in uneven
microstructure and mechanical properties of the formed components. The article focuses on the microstructural evolution driven by
thermal history during the directional energy deposition process of TC4-DT titanium alloy. A cross scale modeling and analysis
framework combining finite element method and cellular automata is established to systematically study the effects of different heat
source modes and process parameters on the growth of primary B-grains. By interpolating the temperature field into the cellular
automaton grid in space and time, the entire process of epitaxial and competitive growth of B-grains during solidification was
simulated. The results indicate that B-grains mainly grow directionally along the local heat flow direction, ultimately forming a
morphology dominated by columnar crystals. As the heat input increases, the grain size gradually coarsens; As the welding speed
increases, the overall grain size shows a trend of refinement. Compared with pure arc conditions, the growth of coarse columnar B8
-grains is suppressed to a certain extent under the conditions of oscillating laser + arc composite heat source. This study provides a
theoretical basis for the organization control of titanium alloy additive manufacturing, 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, which has important guiding value.
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