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Table 1 ~ Chemical compositions of Al-Li-S4

alloy ( mass fraction/% )

Li Fe Cu Mn Mg Zn Si Ag Al

0.72 0.026 3.56 0.3 0.72 0.34 0.025 0.086 Bal.
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Table 2 Chemical compositions of 2099 Al-Li

alloy ('mass fraction/% )

Li Fe Cu Mn Mg Zn Zr Si Al

1.8 0.031 2.34 0.29 0.26 0.62 0.096 0.023 Bal.
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Table 3 Different FSW welding parameters

Rotational Welding R(C)lt;;;ml‘?;
No. speed/ speed/ spee 1 [:Wl/ng
(r/min) (mm/min) spee
(r/mm)
A 800 400 2
600 200 3
C 800 200 4
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Fig. 1 Microstructure of Al-Li-S4 alloy
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Fig.2 Microstructures of FSW overlap joints (a) overall morphology of overlap joint;

(b) fine isometric crystal structure of weld nugget; (¢) TMAZ on advancing side;

(d) TMAZ on retreating side; (e) EBSD photographs of the "hooking" defect on advancing side;
(f) EBSD photographs of the " boundary migration" on retreating side
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Fig.3 Tensile properties of Al-Li alloy overlap joints with different FSW welding parameters
(a) effect of welding parameters and artificial aging on the ultimate stress of overlap joints;

(b) effect of welding parameters and artificial aging on the elongation of overlap joints
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Fig.4 Microstructure of tensile fracture (a) overall morphology of SEM tensile fracture surface of Al-Li-S4

base metal; (b) overall morphology of SEM tensile fracture surface of overlap joint; (¢) microstructure of SEM

tensile fracture of Al-Li-S4 base metal; (d) microstructure of SEM tensile fracture of overlap joint
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Microstructure and Mechanical Properties of
Friction Stir Welded Al-Li Alloy Lap Joints

ZHANG Dan-dan', QU Wen-qing', ZHUANG Lai-jie',
YANG Mo-cong’, CHEN Jie’, MENG Qiang’, CHAI Peng’
(1. School of Mechanical Engineering and Automation, Beithang University, Beijing 100191, China;2. Shanghai Aircraft Manufacturing

Co. ,
100024, China)

Ltd. , Shanghai 200436, China;3. National FSW Center, Aeronautical Manufacturing Technology Research Institute, Beijing

Abstract: Two different Al-Li plates with 2mm thickness were successfully joined via friction-stir welding method, and the microstruc-
ture and mechanical properties of overlap joints were analyzed. The effect of welding parameters and artificial aging on the overlap joints
were investigated. The results showed that the typical " onion ring" feature occurring in the weld nugget zone consisted of refined and e-
quiaxed grains. The "hooking" defects appear at the interface of overlap joints in the advancing side, which compromise significantly
the load bearing capacity of joints. The elongation of joints was only 3. 18% , less than 25% that of base metal. When the rotation
speed was 800r/min and welding speed was 200mm/min, the ultimate strength of joints reached 467MPa, that as much as 94% of the
base metal. After artificial aging, the peak tensile strength was increased to 526MPa, and there were the obvious growth in measured
ultimate strength and the corresponding reduction in the elongation of joints. In addition, the tensile fracture surface analyses indicated
that the tensile cracks initiated from the "hooking" defects and the fracture mode of overlap joints was quasi-cleavage and dimple com-

posite fracture.

Key words: friction stir welding( FSW) ; Al-Li alloy; microstructure; tensile property; fracture



