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Different Scenarios - Similar Simulation Tasks B LLr

Laser Material Processing
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Overview on the Simulation Model B LLF
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OpenFOAM® environment (GPLv3)

Compressible fluid

Interacting forces: Surface tension, vapor pressure, flow pressure

Multiple reflections, spatial energy distribution, divergent beam
Angle-, polarization- & wavelength-dependent, plasma shielding
Source terms: absorbed power, latent heats
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Overview on the Tasks within the Study B LLr
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Parameters under Examination

weld seam depth/width (mm)
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parameter A parameter B parameter C
Parameter set A B C D
Material Al 99.5 Al 99.5 Cu-ETP Cu-ETP
Laser power 2 kW 5 kw 3 kW 4 kw
Feed rate 10 m/min 16 m/min 10 m/min 16 m/min
Focus diameter 100 pm 400 pum 100 pm 50 um
Focus position -2mm 0 mm 0 mm 0mm
Beam quality M* 3.82 15.28 3.82 1.91

B LLrF



Comparison of Thermocouple Measurements with Simulation Results ] LL[
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Parameter Set A
Time: 143.70 ms
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Spikes and Pores for Parameter A TUENp
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Parameter Set B LLF
Time: 90.80 ms

Parameter set

Material Al 99.5

Laser power
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Beam quality M
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Minor Fluctuations in Depth for Parameter Set B B LLF
Longitudinal section
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From Process Analysis ... B LLF
Remote Cutting . m LLF
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... to Process Optimization

other beam modes

B LLrF

10kW 50um (Gauss)

8kW 50um (Gauss)

8kW 50um (Tophat) 8kW 21um (Gauss) power 10kW 21pm (Gauss)

Test of process conditions even not yet
available in the laboratory!

8kW 50um (Doughnut)
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Current Developments B LLr

New Physics:

» Ultrashort Pulsed Laser Processing
» Solidification Phenomena

» Thermomechanics

Additive Manufacturing:
» Laser Cladding
» Selective Laser Melting

Automised Process Optimization

Improvement of Calculation Efficiency
14



Solidification Phenomena: Grain Growth
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