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Application of Commercial FEM Code to Coupled
Analysis of Casting Deformation

Ki-Young Kim*, Jung-Tae Kim* and Jung-Gil Choi*

Abstract

Dimensional defects of castings are mainly due to the stresses and strains caused by a nonuniform temperature distribution ad
phase transformation during solidification and cooling, and by mechanical constraint between the mold and casting. It is, how-
ever, nearly impossible to trace movements of the casting and mold during solidification and cooling by experimental measure-
ments for castings with complex shape. Two and three dimensional deformation analyses of the casting and the mold were
performed using commercial finite element code, MARC. It was possible to calculate deformation and temperature distribution
in the casting and mold simultaneously. Cooling curves of the casting obtained by calculation were close to that measured in the
field since it was possible to treat latent heat evolution of the casting which could be divided into two parts, primary and eutctic
parts. Mold bent inward just after pouring due to the temperature gradient across the mold thickness, and mold returned to its
previous position with time. Plastic deformation occurred at the part of the casting where solidification was slow.
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Fig. 2. Three-dimensional model.
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Table 1. Mechanical and physical properties of the metal mold {10,12].

E, X 10° MPa a, X108K v

C, Kkg - K k, W/m * K p, X 10’ kg/m’

1.57 10.3 0.26

0.54 63 6.9
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Table 2. Mechanical and physical properties of the casting [10].
k, Wm - K o, %X 103kg/m’ a,/K
146.4 27 25.6 X10-6
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Fig. 3. Mechanical and physical properties of the casting
according to temperature[10].
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Table 3. Heat-transfer coefficient {10].

Heat-transfer coeflicient Mold-Air Casting-Air

h, X 10°W/m?® + K 0.08 0.1
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Fig. 4. (a) Locations of temperature acquisition in Iwo-
dimensional model (b) Calculated cooling curves in
two-dimensional model with non-uniform evolution of
latent heat at solidification range
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Fig. 5. (a) Locations of temperature acquisition in three-
dimensional model (b) Calculated cooling curves at
various locations in three-dimensional model
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Fig. 6. Deformed figures of the casting with time after
pouring(two-dimensional model) (a) 1 second (b) 5
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Fig. 10. Displacements at various locations with time(two-
dimensional model) (a) x direction (b) y direction.
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