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Clarification of Keyhole Formation in Laser Welding of Stainless Steel with Particle Method
and X-ray in-situ Observation
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(Received November 16, 2015)

Keyhole formation in laser welding is essential process. According to X-ray in-situ observation of melt-run weld-
ing for stainless steel at laser powers from 4 to 8 kW or welding speeds from 50 to 165 mm/s, it was found that the
growth rate of the keyhole was decelerated greatly during the keyhole formation. Particle method considering Fresnel
absorption and vapor recoil pressure shows that the calculated deceleration was in correspondence with the experimen-
tal growth rate. It was revealed from comparison between the calculated results and the X-ray observations that evap-
oration rate, which is one of the important factors for keyhole, was decreased as the main part irradiated by a high-
power-density laser beam was changed from the keyhole tip to the keyhole wall induced by multi reflection. It
indicates the possible application of the particle method for laser welding process with large displacements and fast
phenomenon.
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Fig. 1 Schematic illustration of experimental setup for X-ray
in-situ observation of keyhole formation in laser weld-
ing.
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Table 1 Laser welding conditions.
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Fig. 2 MPS-calculated model of keyhole formation in laser
welding.
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Table 2 Material properties of stainless steel.

Density, p 0.00793 g/mm’
Specific heat capacity, ¢ 500 mJ/g K
Thermal conductivity, 4 16 mJ/mm Ks
Melting temperature, 7, 1,723 K

Heat of melting, 4,,

1,929 mJ/mm?

Table 3 Material properties of molten steel.

Surface tension, o 0.00148 N/mm
Kinematic viscosity, v 0.71 mm?/s
Thermal conductivity, 4 80 mJ/mm Ks
Boiling temperature, 7} 3,135K

Heat of evaporation, %, 47,488 mJ/mm’®




Fig.3 Particle and interaction.
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Fig. 4 Relationship between enthalpy and phase of particle.
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Table 4 Optical constant of Fe at 1,809 K.

Refractive index, n 3.6
Extinction coefficient, k¥ 5
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Fig. 6 Relationship between incident angle of laser beam and
absorption.
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Fig. 7 Schematic illustration of calculation for laser beam re-
flection and energy absorption.
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mation at 6 kW power and 100 mm/s speed.
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Fig. 16 Comparison between X-ray observation and calculated
keyhole depth (6 kW, 50, 100, 167 mm/s speed).
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Fig. 17 MPS calculated results of vaporization rate at 6 kW
power and 50 mm/s speed.
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Fig. 18 MPS calculated results of vaporization rate at 6 kW
power and 167 mm/s speed.
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