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Abstract

Based on DEFORM-3D software, a fully coupled thermo-mechanical modeling of friction stir weld-
ing for AZ91 magnesium alloy plate is established, and tool forces in friction stir welding is simu-
lated. The simulation results are compared with the experimental results to verify the rationality
of the modeling. The influences of concave angle of shoulder and cone angle of pin, as well as
welding parameters on the tool forces during friction stir welding were analyzed in detail. The
results show that the geometrical shape and welding parameters have a significant influence on
the tool forces during friction stir welding. Shoulder concave angle will reduce the forces and pin
cone angle will increase the forces on the tool. The forces increase with the increase of welding
speed, and decrease with the increase of rotating speed.
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B LTI 1 BoR, 1 S8R RS - RS, 2 58 FRUE - G4, 3 SRR - B
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Figure 1. The geometrical characteristics of the different tools
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Table 1. The parameter of tool geometry
= 1. #HESLLARST

LSS Tt do (mm) di (mm) d, (mm) lo (mm) HUHMAC)
1 15 4 4 25 0
2 15 35 4 25 0
3 15 4 4 25 3

Figure 2. Mesh of the tool and workpiece
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2.2. ARHER

K FI RIS Y8 A BR eyl et FSW ok FE b 4745 B, 38 % R F R AR B[ 2] [3] [4] [S16: 1) MR
FPE; 2) ANARFIMm; 3) MEEMEAS AR Levy-Mises #EN; 4) MEMAFIA T 44 .
K F Arrhenius FHE[214HiE AZ91 B A S ERIR TRNER . MM & FRE T W R:

(C:_‘: A[Sinh(a&y ):|n e(’AH/RTab:) (1)
X AH AR AZ91 BEA S INEILRE, Tuws AAHRE, R NSEER, 4. a. n AEIEHEH. 1E
BAEMAIE AH =1.77x10°,  A4=2.8405x10", a=0.021, n=15.578, R=28.314 [J/(mol-K)].

AZ91 BEARA WM AN 2.12 N/mm?*/'C, S H A 84 Wim/C. HHELHIHEN 4.5 N/mm?/C,
WEFEH 245 Wm/TC.
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Figure 3. Comparison of temperature value in stimulation and experiment
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Figure 4. Comparison of tool force in axial direction between simulation and experiment
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Figure 5. Forces of different tools in axial direction
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Figure 6. Forces of different tools in longitudinal direction
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K7 gt TR TR RS 2 BB ) o xh LU Ss o ANIEITh R g, AR 35 A 1) ) AL 35—
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Figure 7. Forces of different tools in transverse direction
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Figure 8. The maximum temperature of workpiece under different tools in welding process
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Figure 9. Tool Forces in the axial direction with different rotational speed in stimulation
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Figure 10. Tool forces in axial direction with different welding speed
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