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Numerical Simulation for Influence of Cold and Thermal
Sources on FSW Residual Stress
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ABSTRACT: The work aims to control the welding stress by applying cold and thermal sources during the welding process, so
as to reduce the residual stress after welding. The friction stir welding of 2024 aluminum alloy was simulated by ther-
mo-mechanical coupling numerical simulation, and the effect of thermal tension process for heating at both sides of weld and
chilling at the bottom to reduce residual stress was studied. Compared with the conventional process, the temperature gradient in
the area near the weld was obviously reduced during thermal tension process, and the temperature peak value in the weld area
was reduced by 75.3 °C. A saddle-shaped temperature field with high temperature on both sides of the weld and low temperature
in the middle was formed behind the rotating tool. The peak value of longitudinal residual stress under both processes was lo-
cated at the edge of weld. Compared with the conventional process, the peak residual stress value was reduced by 23.4% under
thermal tension process. Cold and thermal sources can effectively reduce the peak value of residual stress in friction stir welding
joints.
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Tab.1 Thermophysical properties of 2024 Al alloy
/°C E/GPa K/(W-m™ K1) c/(J-g K™ a(x1076)/°C! Re./MPa
20 71.0 114.8 835.4 23.0 435
100 65.2 128.4 897.0 244 415
150 60.6 135.7 916.3 25.6 185
200 56.2 142.2 974.0 26.6 95
300 37.9 152.7 1012.5 28.7 45
400 315 160.8 1128.0 30.9 25
500 25.0 166.7 1205.0 32.6 20
q1, 92, 43 150 W/(m?-K)
U 40 W/(m*-K)
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Fig.2 Schematic diagram of thermal tension process
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Fig.4 Temperature fields of weld cross sections under differ-
594.8 ent welding processes
537.8
480.9
4239
367.0
310.0
253.1
196.1
139.2
823
253

REE/IC
519.3
475.1
430.9
386.7
3425
298.3
254.1
209.9
165.7
121.5
77.3

600
500 F —e— R Z=hr

400

300

TREE/C

200

100

N 0 50 100 150 200 250 300

3 5
Fig.3 Temperature fields under different welding processes Fig.5 Temperature cycle curves of weld characteristic points
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Fig.6 Temperature fields perpendicular to the weld

behind rotating tool
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Fig.7 Longitudinal stress fields under different

welding processes
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Fig.8 Evolution of longitudinal plastic strain under
different welding processes
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Fig.9 Longitudinal stress distributions
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Fig.10 Distribution curve of longitudinal residual stress
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