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This thesis aimed to improve the mechanical and thermal properties of conventional Al-Si-Mg
alloys to ensure engine durability when the engine downsizes to reduce the weight of the
automotive engine. The optimum alloying composition was important to increase both the
mechanical strength and the thermal properties of Al-Si-Mg alloy. In order to increase the
mechanical strength and thermal conductivity simultaneously, it was found that the Cu addition
was more suitable than the Ti addition to minimize the reduction in thermal conductivity
preserving its strength. When Cu was added to increase the mechanical strength of the Al-Si-Mg
alloy, the thermal conductivity decreased. At this time, it was effective to increase the thermal
conductivity by reducing Si contents. When the aged Al-Si-Mg-(Cu) alloys were exposed to high
temperature, the thermal diffusivity increased suddenly in the temperature range of 200 °C and 400
°C. This increase of thermal diffusivity is not found in pure Al. Since this temperature range is the
operating temperature of the automotive engine, it is very important to identify the reason of the
increase of thermal diffusivity in Al-Si-Mg-(Cu) alloys. DSC results showed that the increase of
the thermal diffusivity in Al-Si-Mg-(Cu) alloys at this temperature range was caused by the
precipitation of Si remaining even after the aging treatment. This precipitation of Si phase also
affected the additional thermal expansion of the Al-Si-Mg-(Cu) alloys at the same temperature
range. Therefore, in order to use Al-Si-Mg-(Cu) alloys as an automobile engine material, it is
necessary to completely precipitate Si during the aging treatment to avoid the precipitation of
residual Si when the alloy is exposed to a high temperature environment. Finally, the possibility of
Al-4.5%Cu alloy as a new automotive engine material was examined. When the Al-4.5%Cu alloy
was repeatedly exposed to the high temperature environment, the cyclic expansion and contraction
were found. This phenomenon was due to the cyclic dissolution and precipitation of AloCu phase
when the alloy was exposed to the high temperature environment. Thermal stresses can be
generated from this cyclic expansion and contraction. Therefore, in order to use Al-4.5%Cu as
automotive material, it is necessary to carefully design the cooling line of the engine to avoid the
thermal expansion and the thermal contraction due to the precipitation of secondary phase and the
phase transformation which caused the change in the crystal structure at the high temperature.

These results will be used as a baseline for a further in-depth analysis intending to improving

thermal properties in the Al alloys for automotive engine applications.




