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Abstract The precision and endurance of tire mold are very important factors to decide the quality of tire.
However, the investigation on the thermal deformation of tire mold has a lot of trouble because the tire mold
is produced in airtight permanent casting material. In this study, the thermal deformations such as temperature,
displacement and stress distributions inside the AC7A tire mold casting material were analyzed by numerical
analysis according to the preheating temperature of permanent casting device. In order to verify the results of
numerical analysis, the experiments for temperature measurement of the AC7A casting material were carried out
under the same condition with numerical analysis. For the numerical analysis, "COMSOL Multiphysics" was
used. The preheating temperatures were set up 1507C, 200C, 250C and 300C, respectively. The thermal
deformations were calculated in each case. When the preheating temperature is 300C, displacement and stress
are the lowest with 0.25mm and 0.351GPa, but the temperature is the highest with 374.27°C. When the
experimental results were compared with the numerical results, there were some temperature differences because
of the latent heat by phase change heat transfer. However, the cooling patterns were almost similar except for
the latent heat section.
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[Table 1] Physical properties of AC7A casting material,
core(gypsum) and metal casting device(SUS303).

Properties AC7A  Gypsum SUS303
Solidification temperature [C] 590 1400
Melting temperature [C] 640 1420
Thermal conductivity [W/m-K] 140 0.1627 16.2
Young’s modules [GPa] 70 131 193
Poisson’s modules 0.33 0.27 0.25
Density [kg/m3] 2670 2320 8000
Specific heat [J/kg K] 8800 1006 500

Thermal expansion coefficient 23.6x10° 4.15x10° 17.8x10°

[Table 2] Chemical Compositions of AC7A casting material.

Ingredient Content[%] Ingredient Content[%]
Cu 0.25 Ni 0.05
Si 0.2 Ti 0.2
Mn 0.6 Pb 0.05
Zn 0.15 Sn 0.05
Fe 0.3 Cr 0.15
Mg 35~ 55 Al 92.5 ~ 94.5
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[Fig. 1] Schematic diagram of 3-dimensional analysis
model.
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[Fig. 2] Schematic diagram of temperature measurement
points inside the casting.
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[Fig. 3] Temperature distribution result calculated by
numerical analysis inside the casting by the
preheating temperature 150C.
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[Fig. 4] Temperature distribution result calculated by
numerical analysis inside the casting by the
preheating temperature 200 C.
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[Fig. 5] Temperature distribution result calculated by
numerical analysis inside the casting by the
preheating temperature 250 C.
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[Fig. 6] Temperature distribution result calculated by
numerical analysis inside the casting by the
preheating temperature 300 C.
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[Fig. 71 Displacement distribution result calculated by
numerical analysis inside the casting by the
preheating temperature 150 C.
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[Fig. 8] Displacement distribution result calculated by
numerical analysis inside the casting by the
preheating temperature 200 C.
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[Fig. 9] Displacement distribution result calculated by
numerical analysis inside the casting by the
preheating temperature 250 C.
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[Fig. 10] Displacement distribution result calculated by
numerical analysis inside the casting by the
pre-heating temperature 300C.

2600

[Table 4] The average displacements after 15 minutes
calculated  according to
preheating temperature by numerical analysis.

variations  of

. A Displ t Aft
Preheating Temperature Verage LIsp acemen er

15minutes
150C 0.341mm
200C 0.311mm
250C 0.281mm
300C 0.250mm
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[Fig. 111 Stress distribution result calculated by numerical
analysis inside the casting by the preheating
temperature 150C.
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[Fig. 121 Stress distribution result calculated by numerical
analysis inside the casting by the preheating
temperature 200 C.
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[Fig. 13] Stress distribution result calculated by numerical
analysis inside the casting by the preheating
temperature 250C.
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[Fig. 14] Stress distribution result calculated by numerical
analysis inside the casting by the preheating
temperature 300 C.

[Table 5] Average stresses after 15 minutes calculated
according  to preheating
temperature by numerical analysis.

variations  of

Preheating Temperature ~ Average Stress After 15minutes

150C 0.481GPa
200C 0.438GPa
250C 0.395GPa
300C 0.351GPa
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