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Analysis and Optimization for Auto Roof to Body-Side Laser Welding

Lu Bingbing
(Vehicle Manufacturing Engineering, Shanghai General Motors Ltd ., Shanghai, 201201 China)

Abstract The wide use of galvanized steel in automobile manufacturing brings much challenge to the laser welding
process of roof to body-side. The fillet joint is the most effective way to solve the problem of welding pores in the
process of laser welding. However, there is little research on this complicated joint process. Focused on this
problem, taking metallographic size of welding seams as weld quality criteria, response surface methodology (RSM)
is used to study the influence of laser beam on welding seam quality. Key welding process parameters and the
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optimum welding parameters are concluded.
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Fig. 1 Design for laser welding joint
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Table 1 Factor level selection

Level x
No. Factor name
—1 —0.5 0 +0.5 +1
X Welding power P /kW 2.5 3 3.5 4 4.5
T Welding speed v /(mm/s) 60 80 100 120 140
s Laser beam angle 6 /(*) 1 3 5 7 9
X Focus offset f /mm 0 0.15 0.3 0.45 0.6
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Fig. 2 Sketch for laser welding seam quality criterion
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Table 2 Results of experimental design matrix

Factor level matrix Experimental results

Z

x x5 x5 x, a /mmb, /mmb,/mm
1 1 —1 —1 0 0.55 0.61 0.96
2 1 0.5 —0.5 1 0.48 0.56 0.92
3 0 —0.5 —1 1 0.45 0.51 0.81
4 —0.5 0.5 0 —0.5 0.39 0.48 0.80
5 0 —1 0.5—0.5 0.48 0.54 0.86
6 —1 —1 —0.5—1 0.39 0.47 0.77
7 0.5 1 0 0.5 0.46 0.52 0.84
8 0.5 0.5 0.5 0 0.47 0.53 0.84
9 —1 1 0.5 1 0.33 0.42 0.71
10 0 1 -1 —1 0.37 0.45 0.72
11 —0.5 0.5 —0.5 0 0.36 0.45 0.74
12 0.5 0 —0.5—0.5 0.49 0.55 0.89
13 —0.95 0 1 —1 0.40 0.47 0.77
14 1 —0.5 0 —1 0.52 0.59 0.95
15 1 1 1 —0.5 0.45 0.56 0.89
16 —0.5 —0.5 0 0.5 0.41 0.51 0.81
17 —1 0 —1 0.5 0.36 0.44 0.71
18 0.5 —1 1 1 0.55 0.64 1.01
19 0 0 0.5 0.5 0.41 0.49 0.80
20 —1 —0.5 1 0 0.37 0.46 0.72
21 0 0 0 0 0.42 0.51 0.83
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a =0.420 4+ 0. 7342, — 0. 03502, + 0. 00358x5 4 0. 003022, + 0. 012027 4 0. 021423 +

0. 000668x% — 0. 0075122 — 0. 0263x,2, + 0. 01382, 25 + 0. 01552, 2, —

0.0153x, x5 +0.00450x, x4 — 0. 0138x5x4 » (8)
b, =0.510+0. 06212, —0.0329x, + 0. 0111x; 4+ 0. 005012, + 0. 033227 + 0. 018325 —

0.0302x% —0.0104xf — 0. 0251225, + 0. 0163225 + 0. 01852, 2, —

0.00874x,25 — 0. 0275224 — 0. 01102524 » 9
b, =0.830+0.0932x, — 0. 0406x, 4+ 0. 0192x; 4 0. 005262, + 0. 053727 + 0. 017525 —

0.0618x% — 0. 0065822 — 0. 05402125, + 0. 031125 + 0. 04262, 2, —

0.00778x,25 — 0. 03642, 24 —0.0163x5x,. (10)
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Fig. 3 RSM analysis for weld seam quality on welding parameters
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Table 3 Optimum welding parameters

No. Factor name Value
x1=0.0192 Welding power P /kW 3.52
x5, =1.0000 Welding speed v /(mm/s) 140
x;=0.0087 Laser beam angle ¢ /(°) 5.03
x,=0.0107 Focus offset f /mm 0.303
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