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ABSTRACT 

Friction Stir Welding (FSW) is a solid state joining technology that gained vast popularity in naval, 
aerospace and automotive industries. Being a very advantageous type of welding due to high quality 
of resulting joints, FSW often suffers from defect formation due to an inappropriate choice of process 
parameters and welding condition. Defect generation influences the weld quality and affects the 
microstructure of the welded pieces. The typical defects formed during FSW are tunnel, flash, joint 
line remnant, void, and cavity. 

Computationally, defect formation in FSW can be predicted by following the flow of the material 
during the weld. In this work, a finite element-based model is used for the computational simulation 
[1, 2]. To follow the evolution of the material particles, a material tracing technique is incorporated 
in the numerical model [3]. This approach allows tracking the position of the tracers representing the 
material particles knowing the nodal velocities obtained from the numerical solution of the balance 
equations. 

A robust and fast two-stage numerical strategy is adopted for the analysis of FSW process to solve 
the underlying thermo-mechanical problem [4]. The first stage is a speed-up transient simulation 
solved on a fixed mesh that allows to quickly predict the steady state. Material tracing is performed 
in the second transient stage, where the rotation of the tool is modelled. This strategy permits to track 
the movement of the material particles affected by the rotating and advancing movements of the tool. 

The effect of the pin features and the process parameters on the final result is studied. The results 
show that by using material tracers in FSW simulation, the generated defects can be detected and the 
process parameters can be optimized in order to avoid such defects.  
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