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Fig. 1 Schematic diagram showing force subjected in

friction stir welding
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Fig. 3 Six-dimensional force sensor data acquisition system
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Table 2 Experimental scheme of process parameters

No. v/(mmmin') /(rmin")  A/mm  0/°)
1 78 1400 4.75 2
2 120 1400 4.75 2
3 150 1400 4.75 2
4 180 1400 4.75 2
5 210 1400 4.75 2
6 300 1400 4.75 2
7 360 1400 4.75 2
8 420 1400 4.75 2
9 480 1400 4.75 2
10 540 1400 4.75 2
11 600 1400 4.75 2
12 78 800 4.75 2
13 78 1000 4.75 2
14 78 1800 4.75 2
15 78 2200 4.75 2
16 78 2600 4.75 2
17 78 3000 4.75 2
18 78 3400 4.75 2
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Fig. 4 Schematic diagram of tensile specimens (Unit: mm)
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Distribution rule of advancing resistance at
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Fig. 7 Macroscopic morphologies of weld cross section at
different welding speeds: (a) 78 mm/min; (b) 300 mm/min;
(c) 600 mm/min
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Fig. 10 Microstructures in different regions (300 mm/min, 1400 r/min): (a) Base material of AS; (b) HAZ of AS; (c) TMAZ
of AS; (d) SAZ; (e) Middle part of SZ; (f) PAZ; (g) TMAZ of RS; (h) HAZ of RS; (i) Base material of AS
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Fig. 11 Microhardness distribution at different welding
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Fig. 12 Axial force distribution of different stirring head
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Fig. 14 Macroscopic morphologies of weld cross section
at different rotating speed of stirring head: (a) 1000 r/min;
(b) 1800 r/min; (c) 3000 r/min
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Fig. 16 Microhardness distribution of different stirring

head rotation speed
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Fig. 18 Distribution of axial force under different welding

conditions
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Influence of process parameters on axial force and
transverse force of robot friction stir welding

CHEN Shu-jun', KONG De-bing', DONG Jian-tao®, JIANG Xiao-qing', YUAN Tao'

(1. Institute of Intelligent Forming Equipment and System, Faculty of Materials and Manufacturing,
Beijing University of Technology, Beijing 100124, China;
2. Capital Aerospace Machinery Company, Beijing 100076, China)

Abstract: This article focuses on the 6061-T6 aluminum alloy robot friction stir welding (RFSW). Firstly, a
six-dimensional force sensor was installed between the end of the KUKA robot and the friction stir welding electric
spindle to build a six-dimensional force sensor data acquisition system. Secondly, the 5 mm 6061-T6 aluminum
alloy was welded at different process parameters. During the welding process, the axial force and forward
resistance of the stirring head were monitored in real time. After welding, the cross section of the weld was
observed and analyzed. The section was subjected to tensile test and hardness measurement to analyze the
influence of axial force and forward resistance on the microstructure and mechanical properties of the weld. The
results show that the speed of the stirring head is between 800 and 3400 r/min, and the speed of the stirring head
has little effect on the mechanical properties of the weld; the welding speed is between 60 and 360 mm/min, and
the mechanical properties of the weld are good. During the welding process, the axial force of the stirring pin is the
largest in the pressing stage, which reaches about 5000 N. When the welding stage is stable, the axial force is about
3600 N, and the forward resistance of the welding stage is the largest, reaching about —550 N. In the welding
process, the performance of the weld is good when the ratio of axial force/forward resistance is about —6.5.

Key words: robot friction stir welding; 6061 aluminum alloy; axial force; mechanical properties
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