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ABSTRACT

Fused filament fabrication (FFF) continues to be among the most widespread additive manufacturing
process for making polymeric functional prototypes, and in several cases end-use parts. Robots are
well established in manufacturing and their flexible nature is well suited to serve the dynamic demands
of manufacturing. There is a large installed base of serial-link industrial robots, some of which could be
potentially retrofitted with an extruder head as an end-effector to serve as FFF systems. Additionally,
there is a dearth of engineering science for process models for monitoring and closed-loop control of
the FFF process.

In this talk, | will discuss solutions to key engineering challenges that arise in retrofitting such robotic
FFF systems in terms of integrating robot motion controller with extruder controller and evaluating the
quality of the fabricated parts. Specifically, an approach for integration and real-time synchronization
of controllers is proposed that ensures the extrusion velocity and deposition velocity match closely by
building upon an analytical model for predicting road geometry as a function of process parameters.
Additionally, to gain a better understanding of the physics of the FFF process, | will discuss engineering
an instrumentation system for sensing and signal processing for real-time estimation of key process
variables in the FFF process. Finally, a computer-aided control system design (CACSD) approach is used
for developing mathematical plant models that describe the temperature and flowrate dynamics in the
FFF process through data-driven system identification.
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