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Effect of cooling-thermal cycling treatment on microstructures and
mechanical properties of welded joint of 6005A Al alloy

JI Kai, ZHANG Jing

(School of Metallurgy and Materials, Zhangjiagang Campus,
Jiangsu University of Science and Technology, Zhangjiagang 215600, China)

Abstract: The microstructural evolution and mechanical properties of welded joint of 6005A Al alloy for vehicle were
studied by metallographic microscope, tensile test, residual stress measurement by ultrasonic method, transmission
electron microscope, X-ray diffraction and differential scanning colourimeter, and some technical problems of the scale of
application in aluminum alloys for car bodies were revealed. The results show the precipitated phase of welding heat
affected zone can be dispersively distributed by three times cooling-thermal cycling treatment, and the average sizes of
strengthening phase decreases from 200 nm to 50 nm. Meanwhile, the fragmentation mechanisms of transformation
happen from dendritic crystal to ultra-fined equiaxed crystal during solidification at the welded joints of 6005A Al alloys,
and a large number of dislocation twins form as well as its tensile strength is above 234 MPa. Besides, the
cooling-thermal cycling treatment is effective to relieve the welding residual stress, the deep cryogenic treatment without
phase-change can improve the dimensional stability of 6005A Al alloy welding materials.
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Table 1  Chemical composition of 6005A aluminum alloy and
ER5356 welding wire

Mass fraction/%

Material
Si Fe Cu Mn Mg Cr

6005A 079 035 0.17 072 093 0.17
ER5356 025 033 010 0.14 53 0.10
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Table 2 Process parameters in welding

Welding Welding Welding Heat
voltage/V current/A speed/(mm's ™) output/%
40+5 18010 5 80
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Fig. 1 Dimensions of tensile specimens (Unit: mm)
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Dimensions of specimens for residual stress

measurement (Unit: mm)
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Fig. 3 Optical micrographs in welded joint of 6005A Al alloy with MIG automatic welding before and after cooling-thermal
cycling treatment: (a) BM, before cooling-thermal cycling treatment; (b) BM, after cooling-thermal cycling treatment; (c) HAZ,
before cooling-thermal cycling treatment; (d) HAZ, after cooling-thermal cycling treatment; (e) WM, before cooling-thermal cycling
treatment; (f) WM, after cooling-thermal cycling treatment
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Fig. 4 Stress—strain curves of welded joint of 6005A alloy TEE SAFIA RS RE R, WO RS A S B o, 3
before and after cooling-thermal cycling treatment UGB P DL S, MBS AR X 4 T4, BT
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Fig. 5 Distribution of longitudinal residual stress of welded
joint of 6005A alloy before and after cooling-thermal cycling
treatment
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Fig. 6 XRD patterns of welded joint of 6005A alloy before

and after cooling-thermal cycling treatment
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Fig. 7 DSC thermograms in welding heat affected zone of
6005A alloy before(a) and after(b) cooling-thermal cycling

treatment
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Fig. 8 TEM images of welded region of 6005A alloy before and after cooling-thermal cycling treatment: (a) BM, before

cooling-thermal cycling treatment; (b) BM, after cooling-thermal cycling treatment; (¢) QZ, before cooling-thermal cycling treatment;
(d) QZ, after cooling-thermal cycling treatment; (e) OZ, before cooling-thermal cycling treatment; (f) OZ, after cooling-thermal

cycling treatment; (g) Strengthening and patterns, before cooling-thermal cycling treatment; (h) Strengthening and patterns, after

cooling-thermal cycling treatment
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