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Table 1 ~ Chemical compositions of AA 6061 aluminum alloy

(mass fraction/% )

Si Fe Cu Mn Mg Al

0.4-0.8 0.7 0.15-0.40 0.15 0.8-1.2 Bal.

’ FSW tool

Stringer

Clamp

E 1 FSW T $m E K
Fig. 1  Sketch of the FSW T-joint
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Table 2 Welding parameters

s v Plunge depth w/v
/(r/min)  /(mm/min) /mm /(r/mm)

75 0.08 13.44

1008 142 0.08 7.10
218 0.09 4.62

75 0.10 20.55

1541 142 0.10 10.85
218 0.08 7.07

75 0.10 30.08

2256 142 0.10 15.89
218 0.10 10.34
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Fig.2 Typical tunnel defects and “Z” line (a)w/v =1008/218 r/mm;(b) w/v=1541/142 r/mm
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Fig.3 Relationship between tunnel defects area

and welding parameters
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Fig.4 Hardness profiles along the skin section of T welded joints
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Fig.5 Hardness profiles along the stringer section of T welded joints
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Defects and Properties of Friction Stir
T-Welded Joints for 6061-T4 Aluminum Alloy

ZHOU Guang, YANG Xin-qi, XU Xiao-dong, ZHANG Zhao-hua

(Tianjin Key Laboratory of Advanced Joining Technology, School of Materials Science and Engineering, Tianjin University, Tianjin

300072, China)

Abstract: The processes of friction-stir-welded T-joints for 3mm thick AA 6061-T4 were investigated, and the influences of welding
speeds and rotating speeds on welding defects and mechanical properties were discussed specifically. It was found that for given fixture
and tool, when v was kept constant, tunnel defects were easily produced at the fillet corner of stringer nugget along advancing side
which became smaller with the increasing w/v. Clear “Z” line was tended to appear near the retreating side. Two soften zones that
were enlarged with the increasing w were found in the skin. The hardness in the center of weld was increased with the w increased. The
stringer thermo-mechanically affected zone was also softened and its hardness was reduced 17.0% . The decreased hardness was the
main factor to reduce the tensile strength of all T-joints along skin direction. The best tensile strength was only up to 73. 8% compared
to base material. Tunnel defect was the main reason to reduce tensile strength in the stringer direction for @ =1008r/min. And the sof-
ter microstructure of thermal mechanical affected zone in T-joints was contributed to the decrease of tensile strength for @ =1541r/min

and @ =2256r/min. The highest tensile strength reaches to 83.5% of the base material when w/v =1541/218 r/mm.

Key words: friction stir welding; T-welded joints ; welding defects ;mechanical properties



