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ABSTRACT

A numerical study of the fused deposition modeling (FDM) process is performed. The FDM-
process, well known in 3D printing applications, has recently received increased attention as its
application focus has shifted from rapid prototyping to the production of functional parts. Due to
the complexity of the process, there are many aspects that can be studied. This work attempts to
make use of the level of detail offered by boundary-conforming finite element methods: We focus
on the behaviour and interaction of individual filaments during the main phases of the process, i.e.,
extrusion, bead deposition, spreading, and cooling.

This study is developed in the framework of the stabilized space-time finite element method. The
filament contour is tracked using a boundary-conforming free-surface approach [1]. A novel mesh
update method approach is applied to handle the large translation and deformation of the mesh.
This method uses the concept of deactivated elements, previously introduced by the virtual ring
mesh update method [2]. The division into an activated and a deactivated part enhances the compu-
tational efficiency, as the governing equations are not solved on deactivated elements. Furthermore,
in combination with a proper mesh motion, the activated domain can be freely augmented with
new elements. From the application point of view, new filament material is added to the extrusion
nozzle (activated domain) from the liquefier (deactivated domain).

The Cross-WLF viscosity model with Arrhenius temperature correction is used to represent the
polymer behavior. This model is known for considering a shear rate-dependent and temperature-
dependent viscosity. Through this dependency, also the cooling and solidification of the polymer
can be taken into account.
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