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Abstract: With the development of lightweight and low-cost requirements in new energy power systems and electrical equipment, the
development of high-strength and high-conductivity Al-Mg-Si aluminum alloys has become a key research topic for realizing the
substitution of aluminum for copper. However, the effects of alloying element solid solution, precipitation strengthening, and
deformation-induced defects on electron transport have led to a challenge in achieving the optimization of mechanical strength and
electrical conductivity. In recent years, increasing research efforts have focused on the synergistic regulation of alloying design and
thermo-mechanical treatment. Through the precise control of alloy composition, precipitate characteristics, and defect structures, the
trade-off between strength and electrical conductivity has been partially alleviated. This paper systematically reviews the recent
progress in alloying design and thermo-mechanical treatment of Al-Mg-Si conductive aluminum alloys, summarizes their effects on
microstructural evolution and the synergistic regulation mechanisms of mechanical and electrical properties, and further discusses
future research. Furthermore, future research directions are discussed to provide theoretical guidance for the design and engineering
application of next-generation high-performance conductive aluminum alloys.
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