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Defects of High Speed Friction Stir Welding and Fracture Behavior of Aluminum Alloy
Thin Plate Lap Joints
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ABSTRACT: The paper aims to expand the application of friction stir welding technology and provide reference and
guidance for process optimization in engineering application of high-speed friction stir welding of thin plate lap joint
structure. In this paper, the high-speed friction stir welding of 6061 aluminum alloy lap joints was carried out with conical
screwless stirring pin. The joint interface defects and fracture modes were analyzed. And the influence of welding speed
on the forming and performance of 6061 aluminum alloy thin plate lap joint was discussed. The results showed that the
plastic metal of the lap joint weld nugget area was easy to form a flash edge on the retreating side under the condition of
high speed (6000-9000 r/min), which lead to hole defects on the advancing side at lower plate. The size of the interface
defects gradually increased with the increase of the rotational speed. When the rotational speed reached 10 000 r/min, the
hole size decreased; and under this experimental conditions, the tensile strength of the joint was the highest, which was
123 MPa. The analysis of the tensile fracture position of the sample showed that there were two main types of tensile

fracture at high speed lap joints, which were respectively broken at the joint interface or at the lower plate of the advanc-
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ing side; as the speed reached above 9000 r/min, the fracture position tended to be at the joint interface. The high-speed
lap joint welding must coordinate the conditions of the tool shoulder and the welding tooling constraints to ensure that the
plastic metal of the joint flows sufficiently without loss, so that a well-formed defect-free joint can be obtained.

KEY WORDS: high-speed FSW; 6061 aluminum alloy sheet; lap joint; interface defect, fracture position
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Fig.1 Effect of rotating speed on macroscopic and interface morphology of lap joints
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Fig.2 Topography of lap joint defect
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Fig.3 Curve of lap joint performance as a function of welding speed
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