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CW CO: Laser Beam Welding and Formability
of Zn-Coated Steel Plates

J. Suh®, Y. H. Han*, C. S. Yoon* and S. Y. Bang**

Abstract

Continuous wave CO; laser beam welding and formabilty of zinc coated steel plates were investigated.
First, the optimal welding condition could be obtained in lap configuration by using the data for heat
input, gap size and fracture behaviour. The gap size for fully-penetrated bead could be predicted by
the gap model by Akhter et al. Also, it was found that the joining efficiency was constant. Secondly,
the butt welding of dissimilar materials (zinc coated steel plate and cold rolled steel plate) with different
thicknesses was investigated. In the thickness range of 0.8-2.0 mm, the maximum welding speed of
10m/min was obtained. In the butt welding of two plates with thickness 2.0mm and 1.6mm, the maximum
welding speed of 6m/min was obtained. Finally, the forming results of butt-welded plates showed that
the joining design was important to apply the laser welded blank in the automotive production.
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Table 1 Experimental conditions
Power (kW) 18 20 25 30 40

Velocity(m/min) |15 20 25 30 40 50
Gap size(um) 0 35 75 125 255
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Fig. 4 The effect of the gap size on lap welding of Zinc-coated steel at 1.8 kW and welding speed 1.5m/min
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Fig. 6 The effect of the laser beam power on lap welding of Zinc-coated steel at welding speed 3m/min and gap size 125
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(a) 30 kW, 35m/min, gap size 35 um,

(c) 20 kW, 35m/min, gap size 225 um
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Fig. 7 Photographs of typical examples of bead configuration
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Table 2 Experimental and theoretical results in lap welding
Power Velocity Power/Velocity Minimum gap size Gap size, ym
kW m/min kJ/em from Eq.(1), um 35 75 125 255
15 0.72 54 O O O [ ]
18 20 0.54 72 O O O O
’ 25 043 90 JAN A A JAN
30 0.36 108 X X X X
20 0.6 72 O O O A
20 25 048 % O O O |
’ 30 04 108 X AN A X
35 0.34 126 X A X X
25 06 90 O O
25 30 05 108 O O
’ 35 043 126 X A
40 0.38 145 X X
25 0.72 90 . O O
30 06 108 O O
3.0 35 051 126 A O
4.0 045 145 X X
45 04 162 X X
30 0.8 108 O
490 4.0 06 126 YA
45 0.53 162 X

* full penetration without defects

- full penetration, however, back bead is discontinuous.
- full penetraion, however, upper bead is down.

- cup-shaped penetration

. no welding

X>EBOO

Table 3 Fracture strength at various welding conditions

Power(kW) Velocity(m/min) Gap size(ym) Tensile strength(MPa) remark
18 15 (s 282
18 25 75 296
20 25 75 289 Fracture at base
18 15 125 276 material
18 25 125 289
20 25 125 293
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Fig. 11 Bead cross-sections of welded specimens with diffe-
rent thicknesses at laser beam power 4kW, Ar gas
flow rate 30 ¢/min :

(@) 08 and 16mm (Zn coated steels), welding
speed 10m/min,

(b) 16 (Zn coated steel) and 12mm (cold rolled
steel), welding speed 6m/min
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Fig. 12 Bead cross-sections of welded specimens with diffe-
rent thicknesses at laser beam power 4kW, Ar gas
flow rate 30 ¢/min :

(@) 18 (Zn coated steel) and 1.2mm (cold rolled
steel), welding speed 6m/min,

(b) 20 and 1.2mm (Zn coated steel), welding speed
6m/min
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(b) good welded point

(a) pressed plate

(¢) cracked point

Fig. 13 Formability of welded plate (dissimilar material with different thickness)
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Table 4 Comparison of conventional side sheets

Compared item individual type one-sheet type

Schematics

D |

L

Apperance bad good
Number of dies 20 dies X 4 dies O
Accuracy low high
Material yield(ratio) high(65% ) low(40% )
Material selectivity selectable O fixed X
Weight light heavy
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