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A Study on Prediction of Thermal Deformation and Temperature
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ABSTRACT

A Study on Therma Deformation and Temperature Distribution
of ACAC Casting Materia for Tire Mold

Kim, Young-Sun
Advisor : Prof. Oh, Yool-Kwon Ph.D.
Dept. of Precision Mechanical Engineering

Graduate School of Chosun University

The present study was numerically and experimgntailivestigated on the
temperature distribution and thermal deformatiosida the automobile tire mold
using the AC4C casting material. In this study, th€4C casting material, one of
the AI-Si-Mg system aluminum alloy, was selected aascasting material and the
metal casting device was used in order to manufactine mold product of
automobile tire in the actual industrial field. Ftre numerical analysis, "COMSOL
Multiphysics 3.3 Ver", the commercial program based the partial differential
equation (PDE), was used in order to predict therntlal deformation of the AC4C
tire mold including temperature, displacement anikss. Also, the prototype was
produced from the result of numerical analysis ahd experimental study was

performed to measure the temperature distributioside the tire mold during the

cooling process.

_ix_



The numerical result revealed that the temperauistribution inside the mold
occurred rapid cooling from the initial cooling @0 minutes. And then, it was
slowly cooled after separating the mold in metattiocg device and the completed
cooling time of casting mold took about 7 hourssdlthe results of displacement
and stress distributions appeared to be largerhat denter parts of tread part in
mold than on its sides because of the shrinkagesechwby the cooling speed
difference. Moreover, when the profiles of the tengpure distribution were
experimentally measured and were compared withethafs the numerical result, it
appeared that there was a slight temperature e€liféer because of the latent heat
by phase change heat transfer. However, the reasfulcooling temperature and

patterns were almost similar except for the lateeat interval.
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Metal Castmg Dewce
(Upper Part) :

1 e

- Metal Casting Device
(Lower Part)

Fig. 4 3-dimensional analysis model of metal castifevice

3k, Elo]lo] A ZE Exo FZA9 ACAC Al =& £=4 Ald 6.5~7.5%]
ZAHl= Table ¥

)

Sish vl oAt FHE FRAZM, ARH 5T
325 eh.

Table 1 Chemical composition of AC4C casting materi

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

_20_




a8 £ AdFolA AR EHe FXAQ ACAC Al 53 Etolo] EFE= |
FAE Al SR FZolo AFARJ] EAAE= 747 Table 2} 3o A 23t
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Table 2 Physical properties of AC4C casting materia

Properties Unit Value
Solidification Temperature C 557
Melting Temperature T 613
Thermal Conductivity W/m k 167
Young's modulus GPa 72.4
Poisson's ratio 0.33
Density kg/m’ 2680
Specific Heat J/kg k 963
Thermal Expansion Coefficient 1/k 21.5%X10

Table 3 Physical properties of Gypsum (Core)

Properties Unit Value
Thermal conductivity W/im k 0.1627
Young's modulus GPa 131
Poisson's ratio - 0.27
Density kg/m® 2320
Specific heat J/kg k 1006
Thermal expansion coefficient 1/k 4.15%70




Table 4 Physical properties of SUS303

Properties Unit Value
Solidus temperature C 1400
Liguidus temperature C 1420
Thermal conductivity W/im k 16.2
Young's modulus GPa 193
Poisson's ratio - 0.25
Density kg/m® 8000
Specific heat J/kg k 500
Thermal expansion coefficient 1/k 17.8X10
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Upper part of metal casting device (250 C)

Injection of AC4C (650 ) — Tread
attern

Core (807)

Lower part of metal casting device (250 C)

Fig. 5 2-dimensional analysis model of metal castifevice

6

4

0 02 04 06

Fig. 6 Schematic diagram of the measurement points
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Fig. 10 Insulation process of K-type thermocouple

Fig. 11 Measurement apparatus of data acquisitimbh u
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(@) From 0 to 25 minutes

(i3

L}

(b) From 25 to 420 minutes

Fig. 12 Visualization of temperature distributiondaheat flux direction

in numerical analysis model
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