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Development of Large-scale Transient Analysis Method for
Thermal/Material Flow in Friction Stir Welding
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Friction Stir Welding (FSW) is a relatively new joining method which has the advantage of welded joint’s
strength in comparison with conventional welding methods. The tool geometry, rotational speed and
welding speed have a great influence on the properties of welded area. Therefore, the optimal joining
conditions are researched by experiments. To reduce the experimental costs, numerical simulation has
frequently been used. But the computational cost is so high to simulate the three-dimensional material flow
and heat transfer with the complex tool geometry, so the parallel finite element method is introduced by
applying FrontISTR which is an open-source parallel FEM software. We develop the code of FrontISTR to

simulate the thermal/material flow in FSW.
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Fig.1 Schematic view of FSW.
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Fig.2 Examples of probe shape.
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Fig.3 Names and lengths of the parts of FSW analysis model.

Tablel Material properties used in the heat conduction analysis.

Density p [kg/md] 2,770
Thermal conductivity k [W/(m-K)] 120
Specific heat at constant pressure ¢, [J/(kg-K)] 875

Table2 Boundary and initial conditions of the heat conduction analysis.

Heat transfer coefficient at Top surface hy,, [W/(m2-K)] 1,000
Emissibity at Top sueface ex,, 0.4
Heat transfer coefficient at Bottom surface 1.000
Nggtiom [W/(M?- K)] '
Heat transfer coefficient at Bottom surface 2000
under the shoulder hgyyom s [W/(M?2-K)] '
Heat transfer coefficient at side surface hgg, [W/(m?- K)] 500
Heat flux at Shoulder Bottom surface qgg [KW/m?] 4,784.7
Heat flux at Probe Side surface gpg [KW/m?] 1,936.7
Heat flux at Probe Bottom surface gpg [KW/m?] 818.9
Ambient temperature T, [K] 300
Initial temperature T, [K] 300
Temperature [K]
Z 299.45 353 397 441 475.88
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Fig.4 Temperature distribution att=1.0s.
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Fig.5 Temperature distribution on different straight lines at x = 0.
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Fig.6 Speedup performance of the parallel computing.
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Fig. 7 Analysis model and boundary conditions of the natural
convection problem.

Table 3 Dimensionless numbers and material properties used in the
natural convection problem.

Rayleigh number Ra 1000
Prandtl number Pr 0.71
Viscosity u [Pa-s] 0.001
Thermal conductivity k [W/(m- K)] 1
Specific heat at constant pressure ¢, [J/(kg-K)] 710

Table 4 Boundary and initial conditions of the natural convection
problem

Temperature at x = 0 surface T, [K]

Temperature at x = 1 m surface T, [K]
Heat flux at y = 0 and y = 1 m planes [W/m?]
Heat flux at z = 0 and z = 1 m planes [W/m?]

Initial temperature in the box T, [K]
\elocity at all the surfaces [m/s]
Initial velocity in the box [m/s]

oO|o|o|lo|O|O|F

Velocity [m/s]
0.000e+00 5.168e-04 1.034e-03 1.550e-03
\H‘H\\i\\l\‘\\\\l\

E

t=1,000s t=5,000s t=10,000s
Fig.8 \elocity magnitude of material flow onz=0.5 m plane.
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