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Schematic diagram of welding process and
welding tool. (a) welding process; (b) material
flow in the transverse section; (c) material flow in
the horizontal section
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Fig. 2 Surface forming of the joint under various parameters (rotational speed/welding speed). (a) 400-200; (b) 400-
300; (c) 400-400; (d) 600-200; (e) 600-400; (f) 600-600
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Fig. 3 Roughness of the joint surface under various
parameters (rotational speed/welding speed).
(a) ratational speed 400 r/min; (b) ratational
speed 600 r/min
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Fig. 4 Cross-sectional macro-morphology of the joint under various parameters (rotational speed/welding speed).
(a) 400-200; (b) 400-300; (c) 400-400; (d) 600-200; (e) 600-400; (f) 600-600
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Fig. 5 Microstructure and partial enlarged view of the joint. (a) microstructure in various regions; (b) weld nugget zone;
(c) thermo-mechanically affected zone; (d) heat affected zone; (e) base material
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Fig. 7 Tensile properties of the joints at different
welding speeds
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Fig. 8 Macro and micro morphology of the fracture
position of the joint. (a) macromorphology;
(b) micromorphology
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