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Effects of Incident Angle on Welding Performance of Fiber Laser
Butt Welding of High-Strength Automobile Steel
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Abstract The effects of incident angle on welding performance of fiber laser butt welding of high-strength
automobile steel are researched. The ideal parameters obtained by the previous test is used. The 4 kW fiber laser is
used to weld the dual-phase high-strength steel B340/590DP with the thickness of 1.6 mm at different incident angles
with a butt joint. Then the effects of incident angle on the weld topography, cross section topography, tension and
shearing property and micro-structure are analyzed. The results show that good weld topography. fine micro-
structure and greater tension and shearing property can be obtained when the laser beam incident angle is less than
40°. When the incident angle is more than 40°, the single-sided weld is obtained on the back of the bead.
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Table 1 Chemical composition of B340/590DP

(mass fraction, %)

C
0.18

Si
0.8

Mn
2.2

P
0.035

S
0.030

Grade of steel
B340/590DP
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Table 2 Welding parameters

Group

Laser power /W Welding speed /(mmemin ')

Gas-flow rate /(Lemin ') Defocusing distance /mm

1.6 mm—+1.6 mm 2000 1200

20 +5
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Fig. 1 Weld topography of (a) front side and (b) back side at 0°
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Fig. 3 Bead performance at different incident angles. (a) 5°;(b) 10°;(c) 15°;(d) 20°;(e) 25°;(f) 30°;(g) 35%;
(h) 40°; (i) 45°;(j) 50°
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Fig. 4 Elementary diagram of lean welding
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Fig.5 Performance of back of bead at different incident angles. (a) 5°;(b) 10°;(c) 15°;(d) 20°;(e) 25°; (1) 30°;
(g) 35°%;(h) 40°; (1) 450;(j) 50°
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Fig. 6 Section topography at different incident angles. (a) 5°;(b) 10°;(c) 15°;(d) 20°;(e) 25°;(f) 30°;(g) 35°;
(h) 40°; (i) 45°;(j) 50°
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Fig. 7 (a) Strength and (b) maximum deformation at different incident angles
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Fig. 8 Tensile fracture topography at different incident angles. (a) 5°;(b) 40°;(c) 45°
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Fig. 9 Micro-structure of different zones of bead. (a) Base metal; (b) coarse-grain area;

(c) fine-grain area; (d) bead area
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