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Modeling of Microstructural Evolution in Squeeze Casting of an Al-4.5wt%Cu Alloy

iIn-Sung Cho*, Chun-Pyo Hong* and Ho-in Lee**

Abstract

A stochastic model, based on the coupling of the finite volume(FV) method for macroscopic heat
flow calculation and a two-dimensional cellular automaton(CA) model for treating microstructural ev-

olution was applied-for the prediction of microstructural evolution in squeeze casting. The interfacial
heat transfer coefficient at the casting/die interface was evaluated as a function of time using an in-

verse problem method in order to provide a quantitative simulation of solidification sequences under
high pressure. The effects of casting process variables on the formation of solidification grain struc-

tures and on the columnar to equiaxed transition of an Al-4.5wt%Cu alloy in squeeze casting were in-

vestigated. The calculated solidification grain structures were in good agreement with those obtained

experimentally.
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Fig. 1. Schematic diagram of the die assembly and
locations of thermocouples.
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Fig. 2. (a) Heat transfer coefficients at the casting/die interface with time and (b) cooling curves of an Al-4.

5wt %Cu alloy at a pressure of 50MPa.
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Fig. 3. Schematic diagram of superimposing CA
cells with F'V nodes.
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Table 1. Thermal and physical properties used in the calculation.

Al-4.5wt%Cu(casting) SKD61(die)

density (kg m™?) 2780[14] 7890[14]
thermal conductivity(Wm—'K™") 192.5[14] 14.4[14]
specific heat(J kg™!) 1086[14] 580[ 14 ]
liquidus temperature(K) 922[14] —
solidus temperature(K) 781[14] -
partition coefficient 0.117[15] -
nuclei density(m~3) 2x10'[15] —
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Fig. 4. Stages of solidification grain structures formation at a pressure of 50MPa with a pouring temperature
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Fig. 6. Effect of die temperature on solidification
grain structures with a pouring temperature 5
of 760°C at a pressure of 50MPa; (a),(d) £
50°C, (b),(e) 120°C, and (c),(f) 250°C. =
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Fig. 8. Effect of inoculation on the solidification
grain structures with a pouring temperature
of 760°C and a die temperature of 250°C at
a pressure of 50MPa; (a),(c) no inoculation
and (b),(d) with inoculation.
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