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ABSTRACT

Friction stir welding (FSW) is a solid-state metal-joining process which was invented in 1991 [1]. Com-
paring to more commonly used fusion welding processes, the base material is not melted to produce
the weld, but softened and mixed at elevated temperatures [2]. The deformation energy and heat are
introduced into the workpiece by a rotating tool.

The tool motion results in a hidden, three-dimensional material flow inside of the workpiece [3], which
is not possible to directly observe throughout experiments. As a result, a great effort is spent in mod-
eling of FSW using different simulation techniques. Due to large deformations present in this welding
process, common grid-based methods, such as the Finite Element Method, do not produce an adequate
simulation model, which would follow the topology changes and make it possible to include voids and
discontinuities. On the contrary, the Smoothed Particle Hydrodynamics (SPH) discretization method
provides a model with freely moving particles as a part of a continuum, avoiding the problem of mesh
entanglement.

However, besides large deformations, FSW is governed by multiple interdependent physical effects.
This contribution showcases an implementation of the coupled thermo-mechanical simulation providing
an accurate representation of the processes involved in FSW. As the material is stirred by a tool, the large
deformation results in a non-linear inelastic material response involving both hardening and softening.
Additionally, large plastic strains as well as friction serve as a heat input. In this work, the necessary
constitutive laws were implemented in the SPH framework, combining thermal, mechanical, and contact
effects. The simulation of FSW was performed alongside additional validation examples followed by
comparison with analytical solutions, experiments and conventional simulation techniques.
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