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Development of a Coupled Eulerian-Lagrangian Finite Element Model
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Abstract This study aims to develop a FE Model to simulate dissimilar friction stir welding and to address its
potential for fundamental analysis and practical applications. The FE model is based on Coupled Eulerian-Lagrangian
approach. Multiphysics systems are calculated using explicit time integration algorithm, and heat generations by
friction and inelastic heat conversion as well as heat transfer through the bottom surface are included. Using the
developed model, friction stir welding between an Al6061T6 plate and an AZ61 plate were simulated. Three
simulations are carried out varying the welding parameters. The model is capable of predicting the temperature and
plastic strain fields and the distribution of void. The simulation results showed that temperature was generally greater
in Mg plates and that, as a rotation speed increase, not the maximum temperature of Mg plate increased, but did
the temperature of Al plate. In addition, the model could predict flash defects, however, the prediction of void near
the welding tool was not satisfactory. Since the model includes the complex physics closely occurring during FSW,
the model possibly analyze a lot of phenomena hard to discovered by experiments. However, practical applications
may be limited due to huge simulation time.

Keywords : Dissimilar Friction Stir Welding, Coupled Eulerian-Lagrangian, Finite Element Method, Temperature
distribution, Plastic Strain Distribution
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Fig. 1. Schematic Diagram of Friction Stir Welding
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Fig. 2. Tool geometry and its dimension
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Fig. 3. FSW process for FE model construction

Table 1. FE model lists

Simulation - FSW ;\)/rocess parameters
No. (pm) | (mowmin | S RS
#1 500 30 Al Mg
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Table 2. Johnson-Cook material parameters for AZ61[11]
and Al6061T6 [8].

Material AI6061T6 AZ61
A (MPa) 324 100.52
B (MPa) 114 9433
C 0.002 0.6312
n 0.42 03512
m 1.34 0.4367
DY 1.0 0.001
Ter (°C) 24 625
Tw (°C) 583 250
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Fig. 5. Results of Simulation #1
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Fig. 6. Results of Simulation #2
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Fig. 7. Results of Simulation #3
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