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1. Introduction solidification of permanent mold casting was investigated
by Shepel et al [4]. Moreover, since the 1990s, the mold
It is a modern trend that casting products are made material has been substituted from general mild steel to
highly functional and precise, and the competitiveness of aluminum alloy to improve the quality of the casting mold.
the final products depends on the design technology for the However, a general structure has not yet been established to
casting process and the temperature profile of the casting [1]. accurately measure the amount of shrinkage and the size
In order to mass-product high value-added and precise change by predicting the temperature profile by the time
products, die casting or low pressure die casting method is while the mold is solidified. Therefore, in the present study,
used. In the casting process, it is also very important for sectional mold which consisted of 8 pieces with the same
estimating the metal structure and quality of the end shape is selected as an analysis model because it is usually
products to know the change of temperature by the time [2]. used to the manufacturing industry of tire mold. To
In addition, when the casting is cooled, the temperature investigate the evaluation on casting material characteristics
profile of the casting and the growth rate of the of aluminum alloy and mild steel during casting process, is
solidification interface play a very important role in used numerical analysis for applying a finite element
determining fine structure and mechanical and physical method. Especially, temperature and stress distributions
properties of the casting. And, it is necessary to accurately inside the aluminum alloy and mild steel is calculated by
understand the heat transfer characteristic at the casting numerical method and thermal characteristics of aluminum
mold interface in order to predict and control these alloy compared with those of mild steel, respectively.

temperature profile and solidification interface growth rate.
So, many researches for this have been reported in the 2. Numerical Analysis
literature. Vijayaram et al., investigated the numerical
simulation of casting solidification in permanent metallic In the present study, the commercial code "COMSOL
molds [3]. Also, numerical simulation of filling and Multiphysics ver 3.3" applying a finite element method was
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used in order to predict the temperature and the stress
distribution inside the tire mold used aluminum alloy and
mild steel. Also, numerical results of aluminum alloy were
compared with those of mild steel to obtain the thermal
characteristics of casting material.

For the numerical analysis, the physical properties of
aluminum alloy and mild steel as shown in Table 1 are
used. Figs. 1 and 2 display the analysis model using two
materials of two-dimensional shape completed the mesh
process and show the measurement points of temperature
and stress, respectively. Analysis model was composed of
the upper and lower part of molding sand, chilled steel,
core and casting material. As shown in Table 2, for the
numerical analysis, physical properties of casting, core and
chilled steel was used molding sand, gypsum and
SC42(Steel AISI 4340), respectively. The initial
temperature condition of each part was set to be the pre-
selected values as shown in Figs. 1 ~ 2. Also, the boundary

Table 1. Physical properties of aluminum alloy and mild steel.

Value
Properties Unit Ahinﬁg; e
Thermal Conductivity ~ W/m - K 140 51.9
Young's Modulus GPa 70 200
Poisson's Ratio - 0.33 0.29
Density kg/m’ 2,670 7,870
Specific Heat ki/kg - K 0.88 0.472

Thermal Expansion

- -6 -6
Coefficient 23.6 X10° 12.6 X10

Table 2. Physical properties of gypsum (Core), SC42 (Steel AISI
4340) and molding sand.

Value

Properties Unit

Gypsum SC42  molding sand

Thermal

Conductivity W/m K  0.1627 44.5 1.4
owngs - GPa 131 205 70
Poisson's Ratio - 0.27 0.29 0.17
Density kg/m? 2,320 7,850 2,200
Specific Heat kJ/kg - K 1.066 0.475 0.73
Thermal
Expansion - 4,15 X 10° 123 X10% 0.5 X 107°

Coefficient

condition was considered that contact surface of the
molding sand, core and casting material was assumed to be
the conduction state. The inside of each part except for the
contact surface was assumed to be the convection state.
However, in this study, the radiative heat transfer is not
assumed because the problems of thermal-structural
analysis such as casting material are governed the
conduction and convection heat transfer.
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Fig. 1. Schematic diagram of analysis model using aluminum alloy.
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Fig. 2. Schematic diagram of analysis model using mild steel.
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Fig. 3. Visualization of temperature distribution in aluminum alloy
at 15 minutes.
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Fig. 4. Temperature variation in aluminum alloy at the measurement
point during the cooling time, 10 hours.
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Fig. 5. Visualization of temperature distribution in mild steel at 15
minutes.
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Fig. 6. Temperature variation in mild steel at the measurement point
during the cooling time, 10 hours.

3. Results and Discussion

3.1 Temperature distribution

In this study, the initial temperature of aluminum alloy
and mild steel is set up with approximately 953K and
1473K, respectively. It means that setting temperature is
melting point of two materials and is injection temperature
when the mold material is injected to the casting device.
Also, as shown in Figs. 1 ~ 2, the measurement points of 1 ~ 3
and 4 ~ 6 on the tread part are selected by reason that tread

(23)

Table 3. The temperature values of aluminum alloy and mild steel at

each point.
Temperature [K]
F[rnlflrlll‘]f Aluminum Alloy Mild Steel
Point1 Point2 Point3 Point4 Point5 Point6
0 953 953 953 1,473 1,473 1473
702.6 7223  703.7 1,2258 1,332.8 11,2253
10 6525 6555 6527 1,1227 1,191.8 1,122.4
15 627 628.8  627.1 11,0644 1,105.6 1,064.3
20 6077 609.1 6078 1,023 11,0484 1,022.9
25 592 593 592.1  991.6 1,0082 991.5
30 579 579.8  579.1 965 976 965

part is closely related to the quality of mold for the
automobile tire was manufactured.

Figs. 3 ~ 6 show the result of temperature distributions
inside the aluminum alloy and the mild steel by numerical
method. Figs. 3 and 4 visually display the temperature
distribution inside the aluminum alloy and mild steel at
cooling time of 15 minutes. Also, Figs. 5 and 6 show the
results of the temperature variation inside the casting
materials during the cooling process extending from initial
cooling time to 10 hours. When the results of temperature
distributions of two materials were observed during the
cooling process, it is revealed that the cooling time of the
aluminum alloy is faster than mild steel. And, according to
the results of temperature values by the measurement points
during the cooling time at 30 minutes, aluminum alloy has
more uniform temperature difference than mild steel as
shown in Table 3. In addition, the temperature value at the
measurement point 2 is larger than other points because the
measurement points 1 and 3, where the chilled steel was
contacted with the casting material surface, are occurred the
rapid heat transfer. It means that cooling of casting material
makes slow progress at the point 2 on the tread part.

3.2 Stress distribution

Generally, thermal strain inside the casting material
occurred by the temperature difference during the cooling
process. It is predicted that the stress occurred to the
casting material by the temperature difference. The result of
temperature variations is closely related to the precision and
the quality of mold for automobile tire. In this study, stress
distributions at the measurement points are calculated by
numerical analysis from the results of temperature profiles.

Figs. 7 and 8 show the result of stress variations inside
the aluminum alloy and mild steel at the measurement
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Fig. 7.Stress variation in aluminum alloy at the measurement point
during the cooling time, 10 hours.

Table 4. The maximum stress values of aluminum alloy and mild

steel.
Material Max. Value Location
Aluminum Alloy 1.012 GPa Point 2
Mild Steel 3.156 GPa Point 5

points. Also, the result of maximum stress value and point
during the cooling process is listed in Table 4, respectively.
On the whole, the result of stress variations occurred that
mild steel casting is larger than aluminum alloy as shown
in Figs. 7 and 8. As to measurement points, the stress value
of measurement points 2 and 5 is larger than other points 1,
3 and 4, 6 in case of aluminum alloy and mild steel,

respectively.
4. Conclusions

Following conclusions can be drawn from the above
results;

1) On the whole, the cooling time is revealed that
aluminum alloy is faster than mild steel when the results of
temperature distributions inside the casting material of
aluminum alloy and mild steel during the cooling time.

2) According to the results of temperature values by the
measurement points during the cooling time at 30 minutes,
aluminum alloy has more uniform temperature distribution

than in the case of mild steel.

(24)

Fig. 8.Stress variation in mild steel at the measurement point during
the cooling time, 10 hours.

3) In case of stress distributions, the result of stress
variations occurred that mild steel is larger than aluminum
alloy. Also, as to measurement points, the stress value at
the point of middle center (i.e., point 2 and 5) is larger than
other points 1, 3 and 4, 6 in case of aluminum alloy and
mild steel, respectively.

4) In the end, the results of temperature and stress
distributions are closely related to the temperature
difference of casting material during the cooling process.
Also, aluminum alloy casting is more effective and obtains
the high quality of mold for the automobile tire was
manufactured. Moreover, the introduced technique of
numerical method is very useful and is important things to
improve the precision in the casting industry.
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