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1. Introduction – Extrusion-based additive manufacturing (AM) is one of the most promising
technologies for tissue engineering applications due to the high range of biopolymers that can be
processed. The AM deposition process results in porous structures, which are desired for promoting cell
growth and tissue regeneration. Moreover, the characteristics of the porous structure are usually
controlled by selecting the appropriate slicer parameters during the manufacturing code generation (G-
code file). This procedure allows an easy definition of different porous structures from an initial solid
geometry, thus simplifying the design process. However, as the final design of the deposited part is not
available, the prediction of the mechanical behaviour through numerical methods such as finite element
(FE) analysis is not possible. To be able to apply FE analysis, a modelling procedure is required to
reproduce the deposited part. This work compares two different approaches to obtain the 3D CAD part
from the G-code file: geometry-based and voxel-based modelling techniques. Both methodologies are
applied in a real scaffold, starting from the manufacturing G-code file. The resulting geometry after the
application of each methodology is simulated by FE analysis (compression test) to compare the results of
stiffness and also assess the limitations and advantages of each approach in terms of accuracy and CPU
time requirements.

2. Experimental – A geometry-based modelling approach was developed through the use of Matlab
scripts. An initial script reads the coordinates from the G-code file and generates an output file. This
output file is then used by two more Matlab scripts. One of them outputs a text file in Visual Basic with
the code to automate the generation of planes in SolidWorks software. The other script generates a text
file (one per layer) containing the code to automatically draw a sketch with the path of the nozzle. These
text files are used to create the geometry-based model. On the other hand, the VOLCO software [1] was
used to obtain the voxel-based model. A Matlab script was also created to obtain the input data for
VOLCO.
Both geometries were then exported to Abaqus to perform an FE analysis equivalent to a real
compression test. This consisted of applying a vertical displacement in the top face while constraining the
vertical displacement of the bottom face. Once the simulation was completed, the reaction force of the
bottom face was measured.

3. Results and Discussion - The results obtained for both models were post-processed to obtain the
stiffness or equivalent elastic modulus of each model. Also, unit cells of both models were simulated for
comparison purposes.

4. Conclusions - The preliminary results show that the geometry-based modelling technique allows a
significant CPU time reduction compared to the voxel-based approach. However, the voxel-based
technique takes into account the filament interaction during the extrusion process, which leads to more
potential for accurate simulations. The use of unit cells reduces simulation times in both models.
The limitation of the geometry-based modelling technique against the VOLCO one is the emergence of
distorted elements during the mesh generation of the whole model.
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