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Table 1 Thermo-physical properties of 6061-T6 aluminum alloy and tool

oo g LTS R
K/(W-m"-K") C/(J-kg'-K") pl (kg-m?)
H13 T_HA4 24.5 589.9 7780
6061 fHG4x 167 900 2700
F2 HEERRANEREIZSH
Table 2 Welding parameters used in numerical model
PPl o/ RIEHRPE v/ | KRR vy | BERETHEMGUR 0 | BURIEALR a/
(r-min") (mm-s") (mm-min") (°) mm
1000 0.8 100 0 0.1
1500 0.8 100 0 0.1
1500 0.8 150 0 0.1
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Fig.4 Temperature field distribution in weld cross-section of welds under various welding parameters
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Fig.6 Peak temperature, high-temperature residence and cooling time of analytical points
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Fig.10 Torque experienced by tool
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Numerical Analysis of Stationary Shoulder Friction Stir Welding Process for
Aluminum Alloy Thick-Plate

TANG Wenshen', YANG Xingi', ZHAO Huihui’, GUO Lijie’
(1. School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China;
2. Shanghai Aerospace Equipment Manufacturer Co., Ltd., Shanghai 200245, China)

[ABSTRACT] A thermo-mechanically coupled numerical model was developed to analyze the processes of stationary
shoulder friction stir welded (SSFSW) AA6061-T6 aluminum alloy plate with a thickness of 12mm based on the
Deform-3D software. The effects of welding parameters on the temperature distribution, welding thermal cycling and
bearing status of the tool in the welded joint were investigated. It was found that the 50% increase in rotational speed
will cause the peak temperature of the nugget to increase more than 21.6%, and the 50% increase in welding speed will
cause the high-temperature residence time and cooling time to decrease more than 50% and 60%, respectively. For given
rotating speed in the range of 1000r/min to 1500r/min and welding speed in the range of 100mm/min to 150mm/min, the
axial force of SSFSW is in the range of 28.2kN to 24.3kN and the forward resistance is in the range of 17.4kN to15.3kN;
The maximum torque of tool pin is in the range of 27.3N-m to 25N-m. The 50% increase in rotating speed will reduce
13.8% axial force, the 50% increase in welding speed will increase 13.7% forward resistance. These numerical results
mentioned above provide the important theoretical basis for the tool design and welding parameters optimum of SSFSW
for aluminum alloy thick-plate.

Keywords: Stationary shoulder friction stir welded (SSFSW); 6061-T6 aluminum alloy thick-plate; Finite element

simulation; Welding thermal cycling; Bearing status
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