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Softening behavior in the heat-affected zone of 6061-T6 aluminum alloy
joints inhibited by rotational impact with welding

ZHANG Yong', LI Shu', LU Jie', TANG Jiacheng’, SHANG Bin’, JING Xu'

(1. School of Materials Science and Engineering, Liaoning Technical University, Fuxin, 123000, China; 2. Shandong Fangda
Hangxiao Steel Structure Technology Co., Ltd, Zibo, 255138, China)

Abstract: In response to the issue of over-aging softening in the heat-affected zone (HAZ) of 6061-T6 aluminum alloy during
welding, which is caused by excessively high local peak temperatures, a novel approach is proposed. This method involves applying
a rotational impact during the welding process to the over-aging softened zone of the weld joint, thereby inhibiting the softening of
the weld joint. Microstructural and hardness tests were conducted on the HAZ of the joint under the influence of the rotational
impact during welding. The results indicate that the hardness of the HAZ significantly increases under the rotational impact, with a
reduction in the size and an increase in the number of precipitated phases within the softened zone, effectively mitigating the degree
of softening. Using Material Studio software, the relationship between the main aging precipitation phase transformation and stress
in 6061 aluminum alloy under ideal conditions was analyzed. The computational results show that the #” and f phases exhibit good
stability under pressure, while the ' phase is more sensitive to pressure, undergoing lattice constant distortion within a certain

pressure range. As the applied force increases, the sequence of aging precipitation is altered.

Highlights: (1) The over-aged softening of 6061-T6 alloy heat affected zone can be inhibited by rotational impact during welding.
(2) The mechanical effect of the rotational impact during welding can promote the precipitation of the f’ semi-coherent

phase and reinforce the strength at the softening region.

Key words: 6061 aluminum alloy; welding with rotation impact; microstructure and performance; microstructure and performance;

first-principles calculation
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Table 1 Chemical compositions of 6061 aluminum alloy
Mg Si Cu Fe Mn Cr Zn Al
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Schematic diagram of rotating impact equipment

with welding
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Fig. 2 Metallographic diagram of the microstructure of
6061-T6 aluminum alloy base metal
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Fig. 3 Metallographic structure morphology of the heat-affected zone under different rotational impulse voltages. (a)
conventional welding; (b) 70 V; (c) 80 V; (d) 90 V; (e) 100 V; (f) 110 V
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SEM of the heat-affected zone of the 6061-T6
aluminum alloy base metal, the heat-affected zone
of the unimpounded specimen and the 100 V
working voltage impact specimen. (a) 6061-T6 alu-
minum alloy base material; (b) unshocked heat-
affected zone; (¢) 100 V shock heat affected zone
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Fig. 5 Hardness point-line plots of specimens in the
heat-affected zone of rotational impact with
welding at different working voltages
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Fig. 6 X-ray diffractograms of the heat-affected and

unimpacted zones of a rotationally impacted joint
with welding at 100 V operating voltage
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Fig. 7 Crystal structure of the precipitated phase. (a) -
phase (Mg,Si) crystal structure; (b) p' phase
(MggSis) crystal structure; (c) Crystal structure of
the " phase (MgsSig).
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Fig. 8 Rate of change of the lattice constant and unit
cell volume of the precipitated phase at different
pressures. (a) " phase (MgsSig); (b) f' phase
(MgoSis); (c) S phase (Mg,Si)
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