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Closing the Loop: An Advanced Toolkit for Adaptive Process Control in Laser 
Powder Bed Fusion 
Abstract: 
Process development in PBF-LB/M (laser powder bed fusion of metals) is held back by a self-inflicted constraint with no 
technical justification: the process is inherently dynamic, yet the overwhelming majority of development approaches treat 
it as static. A fixed set of process parameters cannot adequately respond to the constantly shifting local processing 
conditions emerging from the combination of energy input, local powder properties, and part geometry, position and 
orientation and others. This makes little to no use of the process design and control possibilities of state-of-the-art laser-
based manufacturing, which becomes increasingly consequential as materials grow in complexity. For commodity materials 
like steel, aluminum, or titanium alloys, static parameter sets may be tolerable; for materials where functional properties 
are acutely sensitive to processing history, they are not. 
 
This talk presents the monitoring and control toolkit that makes high-speed in-process adaptations and closed-loop control 
in PBF-LB/M feasible today. High-speed and thermographic imaging, pyrometry, and OES each resolve different aspects of 
the process state. The question no longer is "is closed-loop control generally possible?" but "what are meaningful control 
variables and target values for a controller?". 
 
Controlling melt pool temperature is the obvious starting point and already a non-trivial venture in PBF-LB/M. The more 
consequential target is thermal history: cooling rates, solidification conditions, and the accumulated thermal cycles that 
ultimately determine microstructure. Reconstructing these from in-situ measurements is harder still. OES-based 
monitoring, developed in Transfer Project T01 with the Barcikowski Group at UDE, extends the sensor space into a different 
dimension altogether, providing plasma plume chemistry as a proxy for local material composition. Laser power modulation 
at microsecond timescales provides the actuation bandwidth to respond to detected process fluctuations. Yet despite this 
expanding toolkit, what remains unsolved is which process signature most reliably reflects the process state that actually 
matters for microstructure and properties for a given material. This talk presents a first set of answers while explicitly 
seeking the materials science perspective to sharpen them, particularly for hard magnetic and magnetocaloric alloys, where 
the margin for processing error is narrow and the functional consequences are direct. 
 
About the speaker: 
Florian Eibl holds the Chair of Manufacturing Engineering (Fertigungstechnik) at the University of Duisburg-Essen, where 
he was appointed Professor in December 2025. His research group focuses on the intersection of laser-material-interaction, 
in-situ process monitoring and adaptive process control, with particular emphasis on sensor-informed closed-loop systems, 
model-based process state reconstruction and the integration of additive manufacturing into industrial process chains. 
Before joining academia, Florian spent eight years in industry, most recently in C-level roles at Aconity3D GmbH, a 
manufacturer of highly modular, open-architecture PBF-LB/M systems, where he served successively as Head of R&D, Chief 
Technology Officer and Chief Commercial Officer. This background shapes both his research agenda and his perspective. 
Fundamental process questions in PBF-LB/M have remained open for over a decade; questions that predate industrial 
demand and whose answers matter regardless of it. Returning to the university is his attempt to contribute to closing that 
gap. 
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