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Numerical simulation on dendrite growth process of Mg alloy using
cellular automaton method based on probability capturing model

FU Zhen-nan, XU Qing-yan, XIONG Shou-mei

(Department of Mechanical Engineering, Tsinghua University, Key Laboratory for Advanced Materials Processing
Technology, Ministry of Education, Beijing 100084, China)

Abstract: A new model for the nucleation and dendritic growth of magnesium alloys during solidification process was
developed, which was based on cellular automaton(CA) method and the classical transfer equations during dendritic
growth and is suitable for the hexagonal close-packed crystal structure. The model coupled the temperature field
calculation and microstructure simulation. The solute diffusion, curvature undercooling and anisotropy were also
considered in the model, all of which have significant influence on the dendrite evolution. By setting up the CA-cell
capturing rules, the dendritic growth morphology can be modeled. Applications of the model in single equiaxed dendritic
growth, multiple equiaxed dendritic growth and columnar grain growth in directional solidification were presented. The
microstructure simulation results were compared with the experimental results and they were in good agreement in
dendritic morphology, which validates the proposed model in the prediction of dendritic growth of magnesium alloys.
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Table 1 Thermal physical parameters of AZ91D alloy used in simulation

Lidkg ™" plkgm ) MW-m K c,/(Jkg 'K T/°C co/% k
373X 10° 1810 85 1300 595 9.0 0.4
D/(m*s™") Dg/(m*s ™" my/ (‘C% ") I/(K-m) /um Cell total

1.8X107° 1X107"2 -5.5 6.2X107 1 100 100X 100
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Fig.7 Simulated solute distribution scheme of equiaxed dendrite: (a) Three dimension result; (b) Two dimension result
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Fig.8 Simulated results of dendritic structure of equiaxed solidification in comparison with experimental result: (a) 90% solidified;

(b) Experimental result
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