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Abstract

The aim of this research project is to develop a pellet-based 3D printing system that will accept
biopolymer pellets to experiment with composite additives. Currently a majority of easily accessi-
ble or hobbyist 3D printers use filament as the input material for extrusion. With the goal in mind
of printing using biopolymer materials and additive mixes, using filament remains achievable, but
it would not provide as much freedom and exploration into unexplored areas. This can be an issue
on the research side and a restriction on the hobbyist or consumer side where the material variety

and printing capabilities such as recycling are much harder to achieve if not out of reach.

This research report presents the process of designing and developing a pellet-based extrusion
system to accept a range of biopolymer pellets for 3D printing. The system has been designed from
first principles and therefore can be extended to other materials with slight parameter adjustments
or hardware modifications. A robust mechatronic design has been developed using an uncon-
ventional yet simplistic approach to achieve the desired operating characteristics. The extrusion
system uses a series of control factors to generate a consistent output of material over the course of
a print. The platform and surrounding processes are setup so that software can be used to define
the printing parameters, thus allowing for easy and simple adaption to dissimilar materials. The

utility of the extruder is demonstrated through extensive printing and testing of the printed parts.

Using Polylactic Acid (PLA) as the base material to test and develop the extruder system, the
results of the print quality evolved as the extruders design became more robust. Several factors of
the extruder contributed to large improvements such as; the hoppers rigidity, the internal geome-
tries, the cooling efficiency and the software parameters. As these features progressed it enabled a
much finer print quality and dimensional accuracy similar to what is seen in current Fused Depo-

sition Modelling (FDM) extruders today. The print comparison tests were carried out against FDM
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PLA samples to reveal a high similarity in mechanical strength and improvements to some areas of
surface quality. Further testing revealed success in testing other materials such as PETG, as well as

successfully mixing and extruding Harakeke flax fiber composite additives.

The major limiting factor of the current design is its ability to withstand heat propagation up
through the extrusion system. As higher temperatures are required to melt different polymers, the
thermal tolerance of the drive motor will quickly reduce causing inconsistencies earlier on during
printing. The water cooling block added into the design only prevent heat from travelling through
the wall of the extruder and not the screw. A further limitation is that the extruder is made using
aluminium as the material. This allows for quick start-up times, but it also wears at a fast rate and

the shaved off aluminium ends up contaminating the processed material.

Because this extruder accepts pellets, the range of possibilities for future applications is vast.
With further improvements to better refine the process, the material range could expand to more
unconventional materials that otherwise could not be printed using popular extrusion methods. As
for a business sense, there are few well known methods of pellet printing and especially affordable
systems. Therefore, an opportunity could be present to develop a commercially affordable desktop

system or spin-off to enter a niche market.

Thesis Supervisors: Dr. Khalid Arif, A/Prof. Johan Potgieter
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