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Numerical Study on Thermal Deformation of AC4C and AC7A Casting Material

Hee-Sung Yoon*, Yool-Kwon Oh"

Abstract

This study was numerically investigated on thermal deformation of AC4C and AC7A aluminum alloy casting material
for manufacturing the automobile tire mold. The metal casting device was used in order to manufacture the mold product
of automobile tire at the actual industrial field. The temperature distribution and the cooling time of these materials were
numerically calculated by finite element analysis. Thermal deformation with stress distribution was also calculated form
the temperature distribution results. The thermal deformation was closely related to the temperature difference between the
surface and inside of the casting. As shown by numerical analysis result, the thermal deformation of ACTA casting material
became higher than AC4C casting material. In addition, the results of displacement and stress distributions appeared to

be larger at the center parts of casting than on its sides because of the shrinkage caused by the cooling speed difference.
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Fig. 1 3-dimensional analysis model of metal casting device
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Table 1 Thermophysical properties of AC4C casting material

Properties Unit Value
Solidification Temperature C 557
Melting Temperature C 613
Thermal Conductivity Wm-K 167
Young's modulus GPa 72.4
Poisson's ratio - 0.33
Density kg/m’ 2680
Specific Heat kl/kg -k 0.96
Thermal Expansion Coefficient 1/k 21.5 % 10°

Table 2 Chemical composition of AC4C casting material

Ingredient Content[%)] Ingredient Content[%)
Cu 0.25 Ni 0.10
Si 6.50~7.50 Ti 0.20
Mn 0.35 Pb 0.10
Zn 0.35 Sn 0.05
Fe 0.55 Cr 0.10
Mg 0.20~0.45 Al Remain

Table 3 Thermophysical properties of AC7A casting material

Properties Unit Value
Solidification Temperature T 590
Melting Temperature T 640
Thermal Conductivity Wm-K 140
Young's modulus GPa 70
Poisson's ratio - 0.33
Density kg/m’ 2670
Specific Heat kl/kg -k 0.88
Thermal Expansion Coefficient 1/k 23.6 x 10°

Table 4 Chemical composition of ACTA casting material

Ingredient Content[%] Ingredient Content[%]
Cu 0.25 Ni 0.05
Si 0.20 Ti 0.20
Mn 0.60 Pb 0.05
Zn 0.15 Sn 0.05
Fe 0.30 Cr 0.15
Mg 3.50~5.50 Al Remain
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Fig. 2 Temperature distribution calculated by numerical analysis
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Fig. 7 Stress distribution calculated by mmerical analysis(AC7A)
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