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Fig. 2 Three-dimensional grain morphology, cross-sectional liquid-
solid phase, adaptive mesh and solute concentration distributions at
different moments in the case of scheme B2
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distributions at different moments in the case of scheme G1
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Abstract:

In this paper, a simulation study of A356 aluminum alloy MAM process was carried out based on the
phase field method-finite element method computational architecture provided by the open-source phase
field method code PRISMS-PF. The effects of process parameters (temperature gradient and scan rate) and
initial solid-phase morphology on solute concentration, primary dendrite arm space and grain morphology
were calculated and analyzed, and the phenomena of microscopic segregation, grain competition growth
and secondary dendrite arms were reproduced and compared with experimental results for verification.
Comparing the predicted results for different process parameters, it was found that the primary dendrite arm
space increased as the product of temperature gradient and scan rate decreased, while the grain morphology
gradually changed from plane crystal to cellular crystal, columnar crystal and dendrite as the ratio of the
temperature gradient to scan rate decreased. Comparing the predicted results for different initial solid-phase
morphologies, it was found that when the ratio of the temperature gradient to scan rate was small, i.e., the
larger the composition overcooling zone at the front of the liquid-solid interface, the more obvious the effect
of the non-flat initial solid-phase morphology on the growth process of the grains.
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metal additive manufacturing; phase field method-finite element method; temperature gradient; scan rate;
primary dendrite arm space
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