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ABSTRACT

Numerical Study on Thermal Deformation Characteristics of
Aluminum Alloy Mold for Automobile Tire Production

Park, Sung-Hye
Advisor : Prof. Oh, Yool-Kwon Ph.D.
Major in Technology & Home Economics Education

Graduate School of Education, Chosun University

The manufacturing industry such as tire product must be changed to consult the
taste of customers and is required to make the best product that it has improved
more stability and driving performance at consumer's desire in a short time. So,
many researchers have been tried to produce the mold product of good quality and
to reduce the manufacturing process in mold industry. And, they are increasingly
concentrated on process technique development of tire mold using aluminum (Al)
alloy. Generally, there are two types of separating method in the tire mold
manufacturing process. The first, and basic one, is a full-casting mold which is
obtained the product of uniform quality and is easy the mass production. However,

the product of width tire that tread pattern is complex is difficult.
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The second type of separating method is sectional-casting mold, in which the
product of width tire having a complex pattern is made without a defect because it
is manufactured to 6 ~ 8 equal division. But, in this case, because rubber flush is
apt to occur from division part, casting mold must have a high precision and need
a long time in manufacturing process. Also, precision of casting mold can decrease
by contraction during the solidification process in mold.

Therefore, this study presents numerical analysis applying a finite element method
(FEM) on thermal deformation characteristics of aluminum alloy mold for
automobile tire production. To analyze the thermal deformation characteristics on
the inside of sectional-casting mold using Al alloy, it is investigated the
temperature, thermal displacement and thermal stress of Al alloy tire mold using a
FEM. The numerical results are presented to help to make the effective and the
best tire mold. In addition, the introduced technique of numerical work needs to
improve the precision of mold and particularly is very useful to analyze the

material processing technology.
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Table 1 Thermophysical properties of Aluminum alloy

Properties Unit Value

Solidus Temperature C 590
Liquidus Temperature T 640
Thermal Conductivity Wim - 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 - 23.6x10°°
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Fig. 5 Schematic diagram of measurement points & visualization of temperature

at the cooling time, [T = 0 sec] in analysis model (Front view)
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Fig. 6 Schematic diagram of measurement points & visualization of temperature

at the cooling time, [T = Osec] in analysis model (Side view)
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Fig. 7 Visualization of temperature distributions at cooling time, [T = 300 sec]

by measurement points (Front view)
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Fig. 8 Visualization of temperature distributions at cooling time, [T = 300 sec]

by measurement points (Side view)
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Fig. 9 Visualization of temperature distributions at cooling time, [T = 600 sec]

by measurement points (Front view)
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Fig. 10 Visualization of temperature distributions at cooling time, [T = 600 sec]

by measurement points (Side view)
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Fig. 11 Visualization of temperature distributions at cooling time, [T = 900 sec]

by measurement points (Front view)
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Fig. 12 Visualization of temperature distributions at cooling time, [T = 900 sec]

by measurement points (Side view)
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Fig. 13 Result of temperature variations during the cooling time, [T = 10 hours]

by measurement points (Front view)
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Fig. 14 Result of temperature variations during the cooling time, [T = 15 minutes]

by measurement points (Front view)
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Fig. 15 Result of temperature variations during the cooling time, [T = 10 hours]

by measurement points (Side view)
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Fig. 16 Result of temperature variations during the cooling time, [T = 15 minutes]

by measurement points (Side view)
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Fig. 17 Result of displacement variations during the cooling time, [T = 10 hours]

by measurement points (Front view)
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Fig. 18 Result of displacement variations during the cooling time, [T = 1 hour]

by measurement points (Front view)
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Fig. 19 Result of displacement variations during the cooling time, [T = 15 minutes]

by measurement points (Front view)
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Fig. 20 Result of displacement variations during the cooling time, [T = 10 hours]

by measurement points (Side view)
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Fig. 23 Result of stress variations during the cooling time, [T = 10 hours]

by measurement points (Front view)
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Fig. 24 Result of stress variations during the cooling time, [T = 15 minutes]

by measurement points (Front view)
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Fig. 25 Result of stress variations during the cooling time, [T = 10 hours]

by measurement points (Side view)
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Fig. 26 Result of stress variations during the cooling time, [T = 15 minutes]

by measurement points (Side view)
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