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Abstract

As global warming intensifies, lightweight technology has emerged as a key strategy for carbon
reduction. Aluminum alloys, with their low weight, high strength, and excellent workability, are
widely adopted across various industries. However, surface streak defects frequently occur during the
extrusion process of aluminum profiles, posing significant challenges in quality control by
compromising surface consistency and increasing post-processing costs. To address this issue, this
study utilizes DEFORM-3D finite element analysis software in conjunction with material property
experiments to investigate the causes of surface streaks and propose improvement measures.
Simulation results indicate that the defects primarily occur in regions of wall thickness variation and
rib structures, and are closely related to localized overheating and surface stress anomalies.
Microstructural analysis reveals that streaked regions exhibit low grain orientation, a reduced
proportion of low-angle grain boundaries, lower hardness, and rougher surface finish, indicating a
strong correlation with abnormal microstructures and processing history. Adjusting process
parameters—such as billet container temperature, ram speed, and billet preheating—helps achieve
more uniform temperature distribution and mitigates localized thermal concentration, thereby
enhancing forming stability. Based on both simulation findings and industrial experience, this study
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also recommends mold design optimizations, including extending the bearing length to reduce
localized heating and modifying internal mold geometry to alleviate surface stress fluctuations. By
integrating simulation and experimental insights, the study establishes a clear link between defect
formation mechanisms and practical solutions, contributing to improved surface quality, higher initial
yield rates, and reduced rework costs in aluminum profile extrusion.

Keywords: Aluminum alloy extrusion, surface streaks defect, finite element analysis, material
property analysis, process parameter adjustments
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