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N on heat treatment strengthened aluminum alloys, as a core material for lightweight and integrated die-casting technologies in new energy
vehicles, achieve synergistic improvements in strength and plasticity through natural aging, effectively avoiding defects such as blistering
and deformation caused by traditional heat treatment processes. This paper systematically elaborates the strengthening mechanisms of non-heat-
treated aluminum alloys, with a focus on analyzing the influence of grain refinement, multi-phase synergistic strengthening, and elemental
regulation on mechanical properties. By comparing design strategies of mainstream alloy systems such as Al-Si and Al-Mg-Si, it is found that
internationally commercialized grades prioritize compositional simplicity and process robustness as core advantages, while domestic research has
achieved breakthrough improvements in strength-plasticity balance through multi-component microalloying technology, though challenges remain
in cost control and production consistency during scale-up. Through engineering case studies such as the Tesla Model Y rear underbody structural
components, the material’ s significant advantages in simplifying manufacturing processes, reducing energy consumption, and enhancing
structural integration are validated. This study constructs a research framework from the perspective of the entire chain of material design,
performance optimization, and engineering applications, providing scientific foundations and technical pathways for the industrial development of
non-heat-treated aluminum alloys. The findings offer critical insights for advancing technological innovation in new energy vehicle lightweighting
and upgrading sustainable manufacturing practices.
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Table 1 Comparison of chemical composition (mass fraction, % ) of each aluminum alloy grade
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Fig.1 Strengthening mechanisms of non-heat-treated aluminum alloys: (&) microscale GP zone and nanoprecipitate strengthening, (b) grain boundary strengthe-

ning and multiphase synergistic effect
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Table 2 Comparison of design characteristics and properties of international mainstream non-heat treatment cast aluminum alloy
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Table 3 Comparison of design characteristics and properties of domestic typical non-heat treatment cast aluminum alloys
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