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Abstract

Aluminum alloys have become key materials for lightweight manufacturing in the aerospace industry due to their high specific
strength and lightweight characteristics. However, traditional preparation processes struggle to meet the high-performance
requirements of complex components. Although laser additive manufacturing technology offers a new pathway for forming high-
performance aluminum alloys, it still faces core challenges such as hot cracking susceptibility, porosity defects, and microstructural
anisotropy. This paper systematically reviews the research progress in laser additive manufacturing of high-performance aluminum
alloys. Firstly, the core issues during the forming process are elaborated from three aspects: solidification cracking, porosity
defects, and anisotropy. Secondly, the application of two major strategies—alloy composition design and process control—in defect
suppression is analyzed emphatically. Finally, the performance breakthroughs of typical aluminum alloy systems are summarized,
and future directions for multi-objective optimization design are prospected.
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