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Abstract

Molten zone shape of pulse laser welding is affected by welding conditions such as beam power, beam speed,
irradiation time, pulse frequency, etc. and is divided into conduction type and keyhole type. It is necessary
to design heat source model for irradiation of laser beam in the pulse laser welding. Shape variables and
the maximum energy density value of the heat source model are different depending on the molten zone shape.
In this paper, pulse laser welding simulation for joining of cylindrical part and circular cover was carried
out. The heat source model for pulse laser beam with circular path was applied to the heat input boundary
condition, radiative and conductive heat transfer were considered for the thermal boundary condition. For each
phase, thermal and mechanical properties according to temperature were also applied to analysis. Analytical
results were in good agreement with the molten zone size of specimen under the same welding conditions.
So, the reliability of the welding simulation was verified. Finally, the improvements for reducing residual
deformation after cover welding could be reviewed analytically.
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Fig. 2 Heat source model for molten zone shape
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Fig. 4 Designs for improvement of residual deformation
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Fig. 6 Experimental equipment

Table 1 Chemical compositions

Part Material C Mn Ni Si S P
Circular cover AISI 304 0.07 17~19.5 2 8.0~10.5 1 0.03 0.045
Cylindrical part AISI 420 0.16~0.25 12~14 1.5 - 1 0.03 0.04
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Table 2 Experimental conditions of pulse laser welding

Power Pulse frequency Welding time Flash time Beam speed

(wy | Shot (Hz) (sec) (ms) (mm’s) Remark

45 240 10 24 0.3 0.877 Heat source modeling
45 240 20 12 0.3 1.754 -

# Cylindrical part

W

Circular cover

(a) welded cover (b) Molten zone

Fig. 7 Experimental results
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Fig. 10 Molten zone size during pulse laser welding
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Table 3 Comparisons of experimental and analytical results for molten zone
Pulse Experiment Analysis
frequency Remark
(Hz) Width(mm) Depth(mm) Width(mm) Depth(mm)
10 0.18 0.15 0.164 0.149 Heat source modeling
20 0.18 0.15 0.183 0.156 verification of analysis result
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Fig. 11 Analytical result of phase transformation
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Table 4 Analytical results of residual deformations for pulse frequency 10 Hz

Grooving
Upper cutting
Measuring Original Depth 0.3 mm Depth 0.6 mm Depth 0.9 mm
position Design 1 Design 2 Design 3 Design 4
Ssum(zm)
Top_1 0.1494 0.2330 0.1589 0.1277 0.1774
Top_2 0.1693 0.2515 0.1533 0.0791 0.0882
Top_3 0.1900 0.2606 0.1532 0.0252 0.0610
Mid_1 0.0300 0.0230 0.0224 0.0296 0.0379
Mid 2 0.0336 0.0232 0.0174 0.0234 0.0356
Mid 3 0.0373 0.0254 0.0121 0.0178 0.0340
Bot_1 0.0598 0.0610 0.0280 0.0120 0.0113
Bot 2 0.0727 0.0743 0.0502 0.0339 0.0242
Bot_3 0.0839 0.0838 0.0636 0.0449 0.0302
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