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Computational Science Simulation of laser Materials Processing
and Provision of Their Irradiation Conditions
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1. Basic equation

Phase-mixed time-averaged Navier-Stokes equation,
and conservation equations for mass and energy
2. Mathematical models
« Discretization Finite difference method with staggered mesh arrangements
* Time integration 2% order Runge-Kutta method
- Approx. quethod for st order WENO method
convection terms

* Matrix solver AMG-BiCGstab method

3. Physical models
- Laser irradiation ~ Lambert-Beer’s law

- Interface tracking ~ THINC / WLIC methods
* Free surface Surface tension force with Marangoni effects
* Phase change Temperature recovering methods
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Case-1 Case-2 Case-3 Case-4

Base metal $5400 <« & <
Metal powder Ti < & &
Powdersupply rate Q. (g/min) 20 4.0 3.0 3.0
Nozzle diamster d. (mm) 1.0 € - &«
Laser powsr Py (W) 750 750 400 300
Laser light diameterd, (mm) 0.2 & = <
Sweep velocityV,  (mm/min) 1000 1000 1000 1000
Energy density Dg (kJ/mm?2) 4.8 < 25 1.9
Powder density D: (g/mm?) 0.0025 0.005 0.0038 <
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