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Finite element analysis for prediction of bead shape
of Nd:YAG laser butt welding
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Abstract : Nd:YAG pulse laser welding of stainless steel plate was simulated to find
welding condition by using commercial finite element code MARC. Due to geometric
symmetry, a half model of AISI 304 stainless steel plate was considered and user
subroutines were applied to boundary condition for the heat transfer. Material
properties such as conductivity, specific heat, mass density and latent heat were given
as a function of temperature. As results, Three dimensional heat source model for pulse
laser beam conditions of butt welding has been designed by the comparison between the
finite element analysis results and experimental data on AISI 304 stainless steel plate.
Nd:YAG laser welding for AISI 304 stainless steel was successfully simulated and it
should be useful to determine optimal welding condition.

Key words : Bead shape(M=%4), FEM(#382%), Heat source(2€), Pulse laser
welding (B2 #ol& £3), Nd:YAG laser(Nd: YAG #°]A)
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Table 1 Experimental conditions of Nd:YAG pulse
laser welding

Th(lrcféi;ess Beam power (W)
1 20 25 30 33 35
2 30 35 40 45 -
3 30 35 - - -
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(a) shape and variables of heat source
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Fig. 2 Assumed Moving heat source for Nd:YAG
pulse laser
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Table 2 Material properties of AISI 304
Thermal property
Conductivity(W/(mmK))
Specific heat(d/(kgK))
Mass density(kg/mm’)

Value

Temperature dependent

Temperature dependent
7.912 x 10%(constant)

Emissivity 0.14(constant)
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(b) 25W
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Fig. 7 Comparisons of molten zone of simulated and
experimental results for 1mm thick plate
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(d) 33W

(e) 35W

Fig. 11 Longitudinal sections of butt welding for
each beam power and 1 mm thick plate
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