= VDAL i s 19942
n Journal of the Korean Sociery of Precision Engineering vol. 1. No.l Feb. 1994,

AolA 4Ae nl= A gt Agx|e} o]E Ao} wim

o X =

Comparison of Theoretical Model with Experiment in Bead Shape of
Laser Welding

Jae-Do Kim*

ABSTRACT

A theoretical heat-flow model incorporating with a constant moving CO2 laser beam has
been analyzed to predict the penetration depth and the shape of bead section during laset
beam welding, The laser beam is exponentially attenuated with an absorption coefficient in
the material. The solution can be expressed in terms of normalized variables. The experimental
data were generated by using CW 2 kW CO; laser with multi beam mode and CW 3 kW
COz laser with Gaussian mode. The specimens were made as bead-on-plate welds for SM
10C, STS 304, STS 316, STS 420 and pure Nickel. The maximum possible penetration depth
and the shape of bead section for given sources of laser bower, travel speed and beam
spot size can be predicted with this model in a given material
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Fig. 1 Simplified model of the absorption related
to different wavelengths for Fe-alloys.
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Table 1. Chemical compositions of specimens. (wt

%)
SM10C [ STS 316 | STS 304 | STS 420

C 0.105 0.054 0.028 0.21
Mn 0.45 1. 65 1. 46 0.25
Si 0.25 0.49 0.54 0.40
P 0.03 0. 02 0.02 0.009
S 0.035 0.012 0. 004 0. 007
Cr 17.1 17.5 12.2
Ni 12.5 8.6 0.6
Mo 2.23 0.27 0.9
v 0.09 0.31
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Fig.2 11lustration of laser system and optics.
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Table 2. Thermophysical and optical properties of specimens for calculations.

SM 10C STS 316 STS 304 STS 420 Ni
Thermal (W/m) 24 24 24 23 62
conductivity
Thermal (m2/s) 0.55%107% 0.45X1075 0.45X1075 0.67X1075 1.40%10-5
diffusivity
Melting (C) 1530 1500 1500 1500 1453
temperature
Vaporizing (© 2870 2870 2870 2900 2910
temperature
Reflectivity 0.3 0.3 0.3 0.3 0.3
Absorption (cm-! 6.0 6.0 6.0 6.0 6.0
coefficient
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Fig.3 Typical normalized surface temperature
profile.
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Fig. 4 Normalized temperature rise on the surface
as a function of normalized y axis for
different normalized velocities.
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Fig.5 Comparison of the experimental results
with the theoretical model for SM 10C.
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