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Fig. 1 Geometric model of workpiece and welding tool
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Fig. 2 Schematic diagram of heat generation during FSW
process
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Table 1 Material parameters in Johnson—Cook constitutive

model for 6061-T6 aluminum alloy
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Fig.3 Thermal boundary conditions during FSW
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Fig. 4 Mechanical boundary conditions during FSW
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Fig. 5 Finite element mesh of workpiece(a) and welding

tool(b)
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Fig. 6 Simulated temperature field on top surface of
workpiece during FSW process: (a) Plunging phase; (b) Welding

initiation phase; (c) Steady-state welding phase
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Fig. 7 Comparison of simulated peak temperature of each

measuring point with measured data
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Fig. 8 Comparison of macro morphologies of simulated

weld(a) with experimental weld(b)
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Fig. 9 Comparison of simulation with experimental results of

plastic strain and defect on cross section of welded joint
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Simulation on material flow and defect during
friction stir welding based on CEL method

ZHU Zhi, WANG Min, ZHANG Hui-jie, ZHANG Xiao, YU Tao, WU Zhen-qiang

(State Key Laboratory of Robotics, Shenyang Institute of Automation,

Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: A new multi-physics coupling numerical model for friction stir welding was established based on coupled

Eulerian-Lagrangian (CEL) method. The model was utilized to simulate the material flow and defect formation in the

weld during welding. The friction stir welding was conducted to verify the model through the comparison of temperature

field, macro morphology of weld, plastic strain in the weld and welding defect. The results show that the simulation

temperatures agree well with the measured data and the maximum error is 23.4 “C. The macro morphology of the weld,

the plastic strain zone shape and size on the weld cross-section are in good agreement with the actual weld. The model

can accurately predict the formation of void defect in the weld, and the simulated void position is consistent with the

actual position. But the void size is overestimated slightly.

Key words: friction stir welding; material flow; welding defect; coupled Eulerian-Lagrangian method; numerical

simulation
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