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Abstract: In response to the problem of uneven B — « phase transition microstructure in the non-equilibrium cooling process of
directional energy deposition (DED) damage tolerant TC4-DT titanium alloy, this paper constructs a phase field model based on
non-equilibrium driving force, anisotropic interface energy, and long-range elastic interaction, and embeds shape calculation method to
achieve cross stage simulation of nucleation growth coarsening. The optimal effect of elastic strain energy on the competitive path of
variants, the quantitative regulation of cooling rate on nucleation density and flat noodles size, and the optimization of heat source on
transverse tissue uniformity were systematically studied. The results indicate that elastic strain can increase the competitive strength
index of variants by about 144%, which is the core physical mechanism for inducing texture orientation and mechanical anisotropy;
When the cooling rate increases from 100 K/s to 200 K/s, the accumulation of undercooling accelerates the effective nucleation
number by about 38%, and the average equivalent diameter is refined by 28.2%. Its essence is that the high cooling rate inhibits
Ostwald ripening. Specifically, the article proposes the “characteristic size non-uniformity coefficient (8)" as a process evaluation
index, and finds that oscillating laser significantly compresses the & value of the center edge from 32.4% in pure arc mode to 6.8% by
homogenizing the transverse heat flux distribution, almost eliminating the position dependent tissue discreteness. Combined with the
requirement of damage tolerance, the quantitative mapping of "Flat noodles scale - crack deflection toughness increment" is
established, which provides a detailed physical mechanical basis for the directional design of heat source process of DED titanium
alloy.
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