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Analysis of pendulum welding process parameters based on
response surface method

HE Junjie, HAO Jiaxin, WANG Tianqi

( Tianjin Key Laboratory of Modern Mechatronics Equipment Technology, Tiangong University, Tianjin 300387, China)

Abstract; In response to the challenge of numerous welding parameters in the swing welding process, and the
difficulty on determining the relationship between geometric parameters of the weld joint and welding
parameters, an analysis method of swing welding process parameters based on the response surface method is
proposed. Firstly, the welding torch§ swing trajectory and swing parameters in the CMT swing welding process
are studied. Then, a mathematical model is establised using the response surface method to corelate the wire
feeding speed, welding speed, swing amplitude, weld height, weld width, and weld penetration. Moreover,
the effectiveness of the model is validated through experimental verification. The research shows that when the
welding torch swings with a swing length of 3 mm and stay on the sidewalls on both sides for a length of
0.5 mm, the weld joint does not show “fishbone” type undercutting and has good formation with a desirable
“fish scale” pattern, which meets the welding forming requirements. The main influencing factors of weld
height are wire feeding speed > welding speed > swing amplitude. The main influencing factors of weld width
are identified as swing amplitude > welding speed > wire feeding speed, and the main influencing factors of
weld penetration are determined to be wire feeding speed > welding speed > swing amplitude. All three models

can predict responses within the factor domain.
Keywords: swing welding; swing trajectory; response surface method; weld geometrical features; analysis of

swing welding parameters
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Fig.2  Schematic diagram of swing trajectory of welding torch
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Table 1 BBD experimental variable factors and levels
Ik 22 P B LB L,
v/ (memin"" ) v/ (mm+s” ") A/ mm
-1 L, P 3 6
0 4.5 6 12
1 3:9 9 18
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data
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JIit Fy> D/ mm
(memin~') (mm-s~') A/mm H/mm W/mm

1 5.50 9.00 12.00 2.36 14.92  1.95
2 4.50 6.00 12.00 2.20 14.12 1.85
3 4.50 9.00 6. 00 1.75 6.96 1.51
4 5.50 6. 00 6. 00 1.90 9.72 1.71
5 4.50 6.00 12.00 2.33 14.06 1.97
6 5.50 6.00 18.00 1.42 21.14 1.27
7 4.50 3.00 6.00 3.04 1102 2,36
8 5:30 3.00 12.00 2.54 16.94 2.16
9 3.50 9.00 12.00 1.82 14.68 1.43
10 3.50 3.00 12.00 1.64 16.18 1.64
11 3.50 6.00 6.00 1.36 8.10 0.9%4
12 4.50 6.00 12.00 155 13.40 1.83
13 3.50 6.00 18.00 0.92 20.62 0.71
14 4.50 9.00 18.00 1.38 19.80 1.10
5 4.50 6.00 12.00 2.12 13.74 1.84
16 4.50 6.00 12.00 2.40 15338 2.2
17 4.50 3.00 18.00 2.26 20.70 1.89
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Table 3  Variance analysis of weld height models
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Fig.7 Weld height residual distribution plot
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Fig. 9  Weld width residual distribution plot
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Table 5 Variance analysis of weld penetration depth models
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Fig. 11  Weld penetration depth residual distribution plot
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Big 12 Subice moddl dPresponse oleach:-fadforko pendina- Table 6  Selected validation parameters of the experiment
tion of the weld: (a) influence of factors v, and v; e ZH 5
(b) influence of factors v, and A; (c¢) influence of ZH 4 24 3 4 4 %0 5 ¢ 6
factors v and A v 514 495 498 490 479  4.77
X lz(b)%ﬁiﬁggxﬁ’iggﬁg_%%%ﬁ v 3. 00 3.00 3..06 3.00 9. 00 9. 00
i 54 \ RV o 1 ) —fy e A 11. 84 9.52 8.57 11.05 10. 13 10. 80
I B2 N AR AR R A A8 B RS, i) LA HY - 42 Sl i

RT KWIELER

Table 7 Validation results of the experiments

Wi | W/ mm ] D% | H/mm ; D% : D/ mm _ D /%
il 2 T SR T 2P
1 16.28 16.51 1.39 2.87 2.79 2.87 2.46 230 4.68
2 14.08 14.62 3.69 2.95 3.02 2.4 2.58 2.66 3.01
3 13.36 13.54 133 2.95 2.90 1.72 2..87 2.64 2.65
4 15.24 14.56 4.67 2.91 2.85 7 11 2.5% 2.46 2.85
5 11.65 12.10 .72 2.27 2.33 2.58 1.85 1.81 2.21
6 12.26 12.56 2.39 2.28 2.37 3.80 1.88 1.80 4.44
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