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Effect of Pre-weld Polishing on Properties of High-Speed Friction Stir
Welded 6005A-T6 Aluminum Alloy Profile Joints
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Abstract: To address the question of whether pre-weld mechanical polishing is necessary to remove the surface oxide film
on 6005A-T6 aluminum alloy profiles for rail vehicles, the effects of unpolished and polished pre-weld treatments on the mi-
crostructure, microhardness, tensile properties and fatigue properties of friction stir welded (FSW) joints were comparatively
investigated under high-speed welding conditions with a rotational speed of 2 000 rpm and a travel speed of 2 000 mm/min.
The results indicate that the high-speed FSW process can effectively break up the oxide film in the weld. The microstructure,
microhardness distribution and tensile strength of the joints under both conditions show no significant differences, with the
microhardness exhibiting a "W"-shaped profile and the minimum value located in the heat-affected zone (approximately 68
HV). The fatigue strength at 107 cycles is approximately 105 MPa for the unpolished joints and 110 MPa for the polished
joints, showing minimal difference. After NaOH etching, the "S-line" in the nugget zone of the unpolished specimens is
more distinct than that of the polished specimens; however, neither tensile nor fatigue fracture propagates along the "S-line"
under both conditions, indicating that pre-weld polishing is not a necessary procedure under high-speed FSW conditions.
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Fig. 1 Cross section schematic of FSW 6005A-T6 Al alloy profile joint
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Table 1 Chemical composition of 6005A-T6 Al alloy (wt. %)
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Fig.2 Dimension of tensile specimen
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Fig.3 Macrostructure of Various FSW 6005A-T6 Al profile joints by

Keller solution corroded
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Fig. 4 Macrostructure of Various FSW 6005A-T6 Al profile joints by

NaOH solution corroded
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Fig. 5 Mirohardness profiles of the FSW 6005A-T6 Al profile joints
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Fig. 7 Photos of the unpolished FSW sample tensile fracture specimen
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Fig. 8 S-N curves of the FSW joints of 6005A-T6 Al alloy profiles
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Fig. 9 Typical morphologies of the fractured surface of the unpolished FSW joint failed under 120 MPa stress amplitude
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