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Heat Source Modeling of Laser Keyhole Welding: Part 1-Bead Welding
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Abstract

Laser keyhole welding is investigated using a three-dimensional Gaussian heat source, and the heat source parameters
such as the keyhole depth, welding efficiency and power density distribution factor are determined in a systematic
way. For partial penetration, the keyhole depth is same as the penetration and is predicted using the experimental data.
The welding efficiency is calculated using the ray-tracing method and the power density distribution factor is
determined from the bead shape. Full penetration is classified into the transition, normal and excessive modes
depending on the degree of keyhole opening. Thermal analysis of the bead-on-plate welds is conducted using the
Gaussian heat source, and the calculated weld geometries show reasonably good agreements with the experimental
results
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(a) Dynamic simulation results

(b) Simplified keyhole shape

Fig. 1 Keyhole shape of partial penetration mode
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Fig. 2 Keyhole shape of full penetration mode
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Table 1 Material properties of base metal

7860 kg/m® (steel)
1.161 kg/m® (air)

30 W/mK (steel)

Mass density

Thermal conductivity

2.63x102 W/mK (air)

Specific heat

795 J/kg K

Melting temperature

1860K
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Table 2 Heat source parameters

Heat source| Excessive | Normal |Transition| Partial
parameter mode mode mode penetration
Keyhole plate plate plate hp
depth, h | thickness |thickness| thickness | (Eqn. 6 )
Welding I
efficiency, T 35% 50% | (Mwp+50)/2 (Eqrvln.D 3)
Power
density
distribution 0.1 0.6 0.6 0.8
constant, a
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