L)

Check for

updates
SHEYUSSIS|X| M43 X 55 pp. 473-481 May 2026 /473
J. Korean Soc. Precis. Eng., Vol. 43, No. 5, pp. 473-481 http://doi.org/10.7736/JKSPE.025.078

ISSN 1225-9071 (Print) / 2287-8769 (Online)

O|SuHEIES Sot 6061 AF0lE =2l OIM=EE H J7|AY &
e}

Severe Plastic Deformation-induced Microstructure and Mechanical
Behavior in 6061 Aluminum Alloy via Biaxial Alternate Forging
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This study examines the deformation behavior and microstructural evolution of 6061 aluminum alloy processed through severe
plastic deformation (SPD) via biaxial alternate forging. The objective was to evaluate both the alloy's formability limit and
mechanical properties. Finite element (FE) analysis was conducted to simulate the biaxial alternate forging process,
incorporating the strain-hardening coefficient and the number of forging passes. When the strain-hardening coefficient was set
to 0, an average effective strain of approximately 440% was observed in a 4 mm diameter region at the core of the workpiece
after eight forging passes. In contrast, with a strain-hardening coefficient of 0.2, the average effective strain under the same
conditions decreased to about 300%. The FE analysis of the 6061 aluminum alloy estimated an average effective strain of
326% after eight passes, indicating a level of severe plastic deformation well beyond the elongation capacity of the initial
material. Tensile testing revealed that after two passes, the material showed a gradual increase in strength with only a minimal
reduction in elongation. Even after accumulating a significant strain of 326% through eight passes, optical microscopy
displayed deformed grains and twinning structures, with no signs of recrystallization across all examined forging conditions.
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 Workpiece

Forging direction

Fig. 3 Finite element model of the BAF process
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Fig. 4 Shape evolution of the workpiece with increasing forging
passes

Fig. 5 Effective strain distribution in the central cross-section of the
workpiece after four forging passes
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Table 1 Polynomial fitting of average effective strain in tensile specimen measurement regions

A+ B2+ Cx+ D

BAF 4 Specimen 6 Specimen
passes
A B C D A B C D
1 4.4994 -4.1337 0.6468 0.2887 -0.1035 0.2315 -0.19 0.1977
2 -0.1765 0.8638 -1.0399 0.8733 -0.1513 0.386 -0.4381 0.6375
3 -2.2025 3.7803 -2.6383 1.5559 -0.5462 0.9872 -0.9052 1.1059
4 -2.3728 4.4439 -3.3914 2.1069 -0.2585 0.8547 -1.1574 1.5202
5 -4.0397 7.0479 -4.967 2.732 -0.502 1.4089 -1.7096 1.9485
6 -5.5281 9.396 -6.3917 3.3037 -0.855 2.1942 -2.3873 2.3689
7 -6.7134 11.422 -7.7897 3.8821 -0.9281 2.6342 -2.9525 2.7644
8 -8.9278 14.736 -9.6048 4.4453 -1.7251 4.0135 -3.8606 3.1622
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Fig. 9 Visual appearance of forged workpieces with increasing
number of passes
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Table 2 Estimated average effective strain of 6061 aluminum alloy
as a function of the number of BAF passes

Avg. effective strain [%]

BAF passes
04 06
1 30.6 17.3
2 73.0 57.7
3 122.5 98.6
4 167.3 135.8
5 210.8 171.2
6 250.7 204.3
7 291.1 236.0
8 326.2 264.6
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Fig. 12 Variation in the tensile properties of 6061 aluminum
workpieces as a function of average effective strain
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Fig. 13 Microstructures of 6061 aluminum workpieces observed using optical microscopy as a function of forging pass number and cross-
sectional location
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