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ABSTRACT 

Deep penetration laser welding is a preferred joining technique in industry due to high welding speeds 

and flexibility regarding material and geometry. In deep penetration laser welding, the high intensity 

of the laser irradiation causes a part of the material to evaporate instantaneously such that a vapor-

filled capillary is formed within a few milliseconds. To simulate the laser welding process, the meshless 

Lagrangian Smoothed Particle Hydrodynamics (SPH) method [1] is applied. Based on previous works 

[2, 3], the SPH simulation is coupled to a ray-tracing scheme for accurate modeling of the laser-material 

interaction. The model is further enhanced by applying the ball pivoting algorithm [4] for surface 

reconstruction of a three-dimensional point cloud. Using this co-simulation technique, the geometry of 

the capillary is tracked throughout the welding simulation to gain additional insights. 

We demonstrate the capabilities of our model by comparing and validating the simulation results with 

experimental data. The experiments are conducted with a CO2 laser for welding ice blocks and a disk 

laser for welding metal sheets. The welding process is recorded with a high speed camera with frame 

rates of up to 100 kHz. We show that our model is able to capture the characteristics of the welding 

process independently from material and process parameters. In welding of ice, the spiking process, 

which refers to the rapid fluctuations in weld depth of up to 20 % of the maximum weld depth, is 

analyzed experimentally and numerically. Other phenomena occurring at the capillary front are the 

moving steps that flow downwards with several meters per second due to the inhomogeneous laser 

irradiation distribution at the capillary. An advantage of the simulations compared to experiments is 

that further values like the absorbed power or intensity at the surface of the material can be 

continuously obtained. Moreover, the SPH model serves as a good estimation for the dimensions of 

the weld pool. Therefore, SPH in combination with a ray-tracing scheme is a suitable method for the 

process simulation of deep penetration laser welding and a valuable tool for finding optimal process 

parameters. 
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