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The Influence of Tool Tilt Angle on Heat and Mass Transfer in
Aluminum Friction Stir Welding Process
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Abstract: Aluminum alloys are widely applied in manufacturing sector of transportation vehicles because of the
low density and high strength. Friction stir welding (FSW), as a solid joining process with low heat input, is the
important forming method. The tool tilt angle is an important parameter to ensure weld formation. However, the effects
of the tool tilt angle are still unclear. In this research, the influences of tool tilt angle on heat and mass transfer are
quantitatively analyzed with three levels of tool tilt angle (1.5< 2.5°and 4 in the numerical analysis. The incomplete
contact region and the deflection caused by the tool tilt angle are considered in the numerical model. And the
non-uniform axial stress, slip rate and friction coefficient are used. It is found that when the tool tilt angle increases from
1.5°to 4< the flow ability of the material at the trailing side is enhanced, and the material moves farther to the advancing
side. The heat flux at the tool/workpiece interface and the viscous dissipation in the shear layer increase, which promotes
the welding temperature.
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