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Abstract

A 3D finite element simulation model of the laser cladding process has been
developed taking into account heat transfer, fluid flow, surface tension and free
surface movement. All input parameters and data, which are independent of the
process parameters but depend only on the material and machine properties, have
been obtained from measurements. Thereby the melt pool and the resulting
surface contour can be simulated without compromising assumptions or
calibration, because the machine parameters are the only variable input parameters
of the model. Thus, the model can easily be transferred to other material
combinations or other machines. For the surface contour calculation a modified
height function method is applied. The model surface follows this contour as an
arbitrary Lagrangian Eulerian (ALE) method is used allowing for mesh
deformations. The model was implemented using the commercial finite element
software COMSOL Multiphysics and validated by comparing the simulation
results with caloric measurements of the effective heat input and metallographic
cross sections from experiments, where the nickel-base alloy MetcoClad® 625 in
powder form was deposited on structural steel S235JRC+C and the process
parameters of laser power, feed speed, laser beam spot size and powder mass flow
were varied within a range of at least 50 % of their mean value each. The
maximum deviation of the simulation results compared to the experimental data

regarding track geometry is 14% for the parameter sets without weld defects so
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