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Effect of Oscillation Frequency and Post-weld Heat Treatment on the
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ABSTRACT: To address the issues of microstructural inhomogeneity and degradation of joint performance in high-strength
7A52 aluminum alloy during MIG welding, the work aims to systematically investigate the effects of torch oscillation frequency
and post-weld T6 heat treatment on the microstructural evolution and mechanical properties of welded joints, thereby elucidat-

ing their synergistic strengthening mechanism. MIG welding experiments with groove repair were conducted under different os-
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cillation frequencies with 7A52 aluminum alloy, followed by T6 post-weld heat treatment. The joint performance was charac-

terized by optical microscopy, energy-dispersive spectroscopy (EDS), microhardness testing, and tensile testing. The results in-

dicated that oscillation frequency had a significant effect on molten pool flow behavior. With the increasing oscillation fre-

quency, the weld microstructure transformed from columnar grains to equiaxed grains, with significant grain refinement. After

T6 heat treatment, strengthening elements in the weld zone were redistributed, leading to an increased number of precipitates

with a more uniform distribution, thereby significantly improving the overall mechanical properties of the welded joints. Under

the combined condition of an oscillation frequency of 3 Hz and T6 heat treatment, the welded joint exhibited optimal perform-

ance, with an average microhardness of 166HV, a peak microhardness of 180.33HV, and a maximum tensile strength of 472.28

MPa. The results demonstrate a pronounced synergistic strengthening effect between oscillation frequency and post-weld heat

treatment, providing a theoretical basis for optimizing the welding process of high-performance MIG welded joints of 7A52

aluminum alloy.
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Tab.1 Chemical composition of 7A52 aluminum alloy and 7A48 welding wire wt.%
Alloy Zn Mg Cu Mn Cr Ti Zr Fe Si Sc Al
7A32 Alumin- ) 2.1 008 030 016 008 0.14 <030 <025  — Bal
ium alloy
va?rig Welding ¢4 74 1222 025-045 0204 — 002006 0.12-0.18 020 010 020-040 Bal
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Fig.1 Schematic diagram of welding
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Fig.2 Welding direction (a), oscillation diagram at 1 Hz (b), oscillation diagram at 2 Hz (c) and oscillation diagram at 3 Hz (d)
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Fig.3 Relationship between temperature and time in
T6 heat treatment
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microhardness testing location (c¢) and diagram of tensile specimen (d)
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a-1 1 Hzh (1 Hz+T6)

b 2Hz

b-1 2 Hzh (2 Hz+T6)

c 3Hz

¢-1 3 Hzh (3 Hz+T6)

P 5 K DX A IR
Fig.5 Metallographic comparison diagram of the fusion zone

Note: 1 Hzh has a swing frequency of 1 Hz and has undergone T6 heat treatment ; 2 Hzh has a swing frequency of 2 Hz and
has undergone T6 heat treatment ; 3 Hzh has a swing frequency of 3 Hz and has undergone T6 heat treatment.

*®2 EDS RMIMTHREE

Tab.2 Element content detected by EDS wt.%

Oscillation frequency Mg Al Ti Cr Mn Cu Zn
1 Hz 3.21 91.86 0.18 0.15 0.32 0.26 4.02

2 Hz 3.19 91.81 0.17 0.21 0.33 0.23 3.97

3 Hz 3.34 92.17 0.16 0.17 0.31 0.22 3.78

1 Hz+T6 3.19 91.50 0.17 0.13 0.32 0.31 4.38

2 Hz+T6 3.33 91.53 0.18 0.15 0.31 0.28 4.24

3 Hz+T6 3.38 91.78 0.14 0.31 0.31 0.21 3.97
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Fig.6 Microhardness distribution map
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Fig.8 Fracture surface morphology diagram: a) 3 Hz fracture morphology with a width of 50 um; b) 3 Hz fracture
morphology with a width of 300 um; ¢) 3 Hz+T6 fracture morphology with a width of 50 um;
d) 3 Hz+T6 fracture morphology with a width of 300 pm
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