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Laser Powder Bed Fusion (LPBF) integrates technologies from optics, materials science, automation,
and control engineering. The process spans time scales from microseconds (melt pool dynamics and
beam displacement) to days for completing an entire build job. Managing this complexity requires
extensive expertise and limits the scalability of LPBF-based production systems.

Despite significant technological progress since its emergence in the early 1990s, industrial LPBF
operations still depend heavily on expert judgement and manual intervention. This human dependency
remains a key obstacle to realizing the vision of fully autonomous, decentralized additive manufacturing
units that was promoted decades ago.

At Switzerland Innovation Park Biel/Bienne (SIPBB), we are developing a toolbox of digital assistants
that encode expert-level LPBF knowledge into software. These assistants are designed to analyze,
optimize, and correct build job files or make real-time decisions during the build process, improving
repeatability and reducing operator dependency.

We further implemented the digitally programmable laser beam which allows engineering of the melt-
pool geometry and influencing the melt-pool dynamics. This technique enhances both productivity and
process stability, offering new possibilities for in-situ process control.

Together, these innovations bring metal additive manufacturing closer to achieving first-time-right
production, with higher autonomy, scalability, and consistent quality.



