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Fig.2 Schematic diagram of thermal-mechanical coupling simulation model of DMFSW

&1 6061-T6 saRENFMA(RESH)

Table 1 Chemical composition of 6061-T6 aluminum alloy (mass fraction) %
Cu Si Ee Mn Mg Zn Cr Ti
0.15~0.4 | 0.4~0.8 0.7 0.15 0.8~1.2 | 0.25~0.50 | 0.04~0.35 0.15

R 2 6061-T6 EAEHMESH

Table2 Thermophysical parameter of 6061-T6 aluminum alloy™”

BEIT | (s | g | ome | e | o R
37.8 162 2685 88.54 0.34 945
93.3 177 2685 66.19 0.34 978
148.9 184 2667 63.09 0.34 1000
204.4 192 2657 59.19 0.34 1030
260 201 2657 53.99 0.34 1050
315.6 207 2630 47.47 0.34 1080
371.1 217 2630 40.30 0.34 1100
426.7 223 2602 31.72 0.34 1130
x3 FMHEETIMERE
Table 3 Constitutive equation strain compensation coefficient
o n Q InA,
0 0.014 Bi,0 9.9 Bo,0 72.43 Bi,o 14.6
Bt -0.1 Byt -17.2 Bo,t 1329.21 Bi, 257.2
a2 0.4 By, 2 64.1 Bo,2 —7997.23 B2 -1583.6
B3 -14 By,s -150.6 Bo,s 22976.43 Bi,s 4626.1
B 2.4 By 235.1 B, —34755.1 B« —7088.1
e -2 By —-208.1 Bo,s 26728.75 B,s 5508.2
B.,s 0.7 B 759 Bo,s —-8250.09 B¢ -1714.7
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Table 4 Size and process parameters of mixing head in thermodynamic coupling simulation
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Fig.5 Forging force estimation model modification experiment layout
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Table 6 Workpiece parameters and welding tool size of DMFSW experiment
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Table 7 DMFSW experiment process parameter setting
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Table 8 Process parameter setting of DMFSW multiple factor experiment
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Research on Variation Law and Influencing Factors of Forging Force in
Dual-Robot Mirror Friction Stir Welding

NI Yanbing", LIU Wu', GAO Kangge', ZHAO Huihui’, DONG Jiyi’, MENG Shaofei’,

XIAO Juliang*, LIU Haitao'

(1. Key Laboratory of Mechanisms Theory and Equipment Design of Ministry of Education,

Tianjin University, Tianjin 300354, China;
2. Shanghai Aerospace Equipment Manufacturing General Factory Co., Ltd., Shanghai 200245, China)

[ABSTRACT] As the thickness of the friction stir welding plate increases, the bearing capacity of the equipment cannot
meet the requirement of high forging force of unilateral friction stir welding, so it is difficult to form a good quality weld.
To reduce the forging force on the equipment, a dual-robot mirror friction stir welding process is proposed in this paper.
The variation and influencing factors of the forging force are studied, and the feasibility and superiority of the process are
verified. Firstly, a thermodynamic coupling finite element simulation model is established to obtain the variation law of the
forging force with plate thickness, and the conclusion that the dual-robot mirror friction stir welding process can reduce
the forging force is obtained. After that, the forging force estimation model is established, and the experimental correction
and verification of the model based on data-driven is carried out to realize sensorless forging force monitoring. Finally,
the mirror welding experiment, three-group process parameter multi-factor experiment, and unilateral friction stir welding
comparison experiment are carried out on the prototype platform. The variation of the forging force with time and process
parameters is obtained, and it is proved that the dual-robot mirror friction stir welding process can reduce the forging force
on the stirring head and the bearing capacity requirement of the equipment.
Keywords: Friction stir welding; Forging force; Dual-robot; Thermodynamic coupling simulation; Force estimation;
Process parameter (Vi # %)
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