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ABSTRACT

A Study on Cooling Characteristics and Stress Distributions of

Al-Casting Mold Material

Tak, Deok-Ki
Advisor : Prof. Oh, Yool-Kwon Ph.D.
Major in Technology & Home-economics Education

Graduate School of Education, Chosun University

This study was experimentally and numerically investigated on cooling
characteristics and stress distribution of AC7A and AC4C aluminum alloy casting
material for manufacturing the automobile tire mold. the AC7A and AC4C casting
material which used one of the aluminum alloy was selected as a casting material
and the metal casting device was used in order to manufacture the mold product of
automobile tire in the actual industrial field. The temperature distribution and the
cooling time of these materials was experimentally measured and the result from
the experiment was compared each other for the investigation of their cooling
characteristics. Also, The displacement and the stress distribution of the used
materials was numerically calculated. And then, the results of the experiment and

numerical analysis were compared each other.

= viii -



The experimental set up for measuring temperature distribution and cooling time
consisted of the casting, the metal mold device, data acqusition unit, 9 K-type
thermocouples and PC. Also, for the numerical analysis, "COMSOL Multiphysics
3.3 Ver", the commercial program based on the partial differential equation (PDE),
was used in order to predict the displacement and stress distribution inside the tire
mold during the cooling process.

The experimental result revealed that the cooling time of AC7A casting material
was faster than cooling time of AC4C casting material about 20 minutes. And,
ACT7A casting material was faster than AC4C casting material about 10 minutes,
when the casting was separated from permanent mold device. Also, the numerical
result occurred that the displacement and stress distribution of AC7A casting
material was higher than AC4C casting material about 1.7mm and 0.1GPa,
respectively. In addition, the results of displacement and stress distributions
appeared to be larger at the center parts of tread part in mold than on its sides
because of the shrinkage caused by the cooling speed difference. Moreover, when
the profiles of the temperature distribution were experimentally measured and were
compared with those of the numerical result, it appeared that there was a slight
temperature difference because of the latent heat by phase change heat transfer.
However, the result of cooling temperature and patterns were almost similar except

for the latent heat interval.
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Table 1 Thermophysical properties of AC7A casting material

Properties Unit Value
Solidification Temperature (¢ 590
Melting Temperature T 640
Thermal Conductivity W/m - K 140
Young's modulus GPa 70
Poisson's ratio - 0.33
Density kg/m’ 2670
Specific Heat klkg - k 0.88
Thermal Expansion Coefficient 1/k 23.6 x 10°
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Table 2 Chemical composition of AC7A 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

Table 3 Thermophysical properties of AC4C casting material

Properties Unit Value
Solidification Temperature (¢ 557
Melting Temperature (6 613
Thermal Conductivity W/m - K 167
Young's modulus GPa 72.4
Poisson's ratio - 0.33
Density kg/m’ 2680
Specific Heat klkg - k 0.96
Thermal Expansion Coefficient 1/k 21.5 x 10°
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Table 4 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

Data Acquisition Unit
(DA 100)

i E—

K-type |

Thermocouples

BN 5
X
~

PC

Fig. 4 Experimental set-up for measurement of temperature distribution
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Table 5 Thermophysical properties of SUS303

Properties Unit Value
Solidus Temperature (¢ 1400
Liquidus Temperature T 1420
Thermal Conductivity Wim - K 16.2
Young's modulus GPa 193
Poisson's ratio - 0.25
Density kg/m’ 8000
Specific Heat klkg - k 0.50
Thermal Expansion Coefficient 1/k 17.8 x 10°
Table 6 Thermophysical properties of Gypsum (Core)
Properties Unit Value
Thermal Conductivity Wim - K 0.1627
Young's modulus GPa 131
Poisson's ratio - 0.27
Density kg/m’ 2320
Specific Heat klkg - k 1006
Thermal Expansion Coefficient 1/k 4.15 x 10°

_25_



Fig. 6 A Photography of installed thermocouples on the core
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Fig. 7 Insulation process of K-type thermocouple

Fig. 8 Measurement apparatus of data acquisition unit
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Fig. 9 3-dimensional analysis model of metal casting device
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Temperature variation at the measurement points

tread part during the cooling time (AC7A)
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(a) With metal casting device

(b) Without metal casting device

Fig. 13 Visualization of temperature distribution and heat flux direction

in numerical analysis model
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Fig. 14 Temperature distribution calculated by numerical analysis (AC7A)

(b) From 15 to 420 minutes
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Fig. 16 Stress distribution calculated by numerical analysis (AC7A)
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Fig. 17 Temperature distribution calculated by numerical analysis (AC4C)
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Fig. 18 Displacement distribution calculated by numerical analysis (AC4C)
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