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                    Abstract
The present study introduces a novel method of high-density pulsed electric current (HDPEC) as a substitute for the conventional annealing heat treatment process to relieve strain hardening in 6061 aluminum alloy (A6061) during the manufacturing process. The study investigates the effects of different HDPEC treatments on the strain-hardening relief of cold-rolled A6061, with a comparison to the traditional annealing heat treatment. The results reveal that the HDPEC-treated samples demonstrate a remarkable reduction of approximately 50% in strength and a considerable increase of approximately 200% in ductility, indicating complete strain-hardening relief of cold-rolled A6061. Consequently, the HDPEC treatment is faster and more efficient than the traditional annealing heat treatment. Furthermore, the HDPEC-treated samples display equivalent mechanical properties as the untreated ones after the final precipitation heat treatment, indicating that the HDPEC treatment has no detrimental effect on the materials. The microstructural characterization demonstrates that the HDPEC-induced microstructural modification through dislocation elimination and grain recovery leads to the strain-hardening relief of cold-rolled A6061. These findings suggest that the HDPEC treatment can even replace the hot-forming process of A6061, contributing to low-cost and high-efficient manufacturing.
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