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FEM Simulation of Lap Joint
in CO, Laser Welding of Zn-coated Steel

Jae-Do Kim* and Chi-Yong Cho**

Abstract

Laser beam welding of zinc-coated steel, especially lap joints, has a problem of zinc vapor
produced during welding which has a low vaporization temperature of 906°C. It is lower than the
melting temperature of steel (1500°C). The high pressure formed by vaporization of zinc during
laser welding splatters the molten pool and creates porosities in weld. During laser lap welds of
zinc-coated steel sheets with CW CO, laser the gap size has been analyzed and simulated using
a FEM. The simulation has been carried out in the range of gap between 0 and 0. 16mm. The
vaporized zinc gas has effected to prevent heat from conducting toward the bottom of sheets. In
the case of too small gap size, zinc gas has not ejected and existed between two sheets.
Therefore heat was difficult to conduct from the upper sheet to lower sheet and the upper sheet
could over-melted. In the case of large gap size the zinc gas has been perfectly ejected but
only a part of lower sheet has melted. The optimum range of gap size in the lap welds of zinc-
coated steel sheets has been calculated to be between 0.08 and 0. 12mm. According to the
comparison of experiment, the simulation is proved to be acceptable and applicable to laser lap
welds.
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Table 1. Thermal properties of zinc-coated steel

Symbol Value Unit
Latent heat L, 15.2 kJ]/mol
Density P 7870 kg/m’
Kinematic viscosity v 5.5%x10° | m¥/s

Thermal expansion B L52%10° 1/t

coefficient
Melting temperature T, 1536
Boiling temperature T. 2860
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Table 2. Conditions of welding simulation
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Table 3. Comparison of optimal gap size in lap joint of zn-coated steel

Optimal gap size, Gopt

Theoretical equation, Gopt = AVtzn/tp% A, material coefficient,

Akhter et al.
ereta V, welding speed, t.., zinc thickness, t,, base metal thickness
Experimental result
Suh et al. Gop = 0. 075~0. 125 mm for laser power 1. 8~4.0 kW
and welding speed 1. 5~4 m/min
Experimental result
Na il Gox = 0.1 mm for laser power 1.3, 1.7 kW and welding speed

1.6~2.2 m/min

FEM Simulation
by authors

FEM analysis G = 0. 08~0. 12 mm
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(b)
Fig. 9 Microsections of laser lap welds with gap
sizes (X 25)
(a) No gap, (b} Gap size 0. Imm.
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