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The authors demonstrate a freeform printing process using a robot and fibre reinforced biopolymers (PLA, PHB) because 
the regular FDM (fused deposition modelling, FFF = fused filament fabrication) relies on layer-by-layer additive 

manufacturing. As fibres, both conventional (glass fibre, aramid fiber, carbon fibre) and natural fibres (flax, hemp) are used. 
Also, nano-scaled cellulosic nano crystals (CNC) and/or carbonized biobased nanofillers are used as reinforcement. A new 5 
axis/6 axis 3D printing method for load path oriented fibre placement on freeform surfaces (FFF- based and robot arm-based) 
was developed. A four-fold increase in tensile strength, compared to the non-reinforced polymer, was found for aramid in 
PLA. Current challenges are melt strand cooling and melt strand chopping. Further increase in mechanical strengthening is 
expected from optimization of the sizing agent. Freeform printing was demonstrated for up to 45°C of extruded strand angle, 
without the need for a support structure, using air cooling and regular extrusion speed. Tensile testing according to ISO 527 
reveals that the print direction has a market influence of mechanical properties in tensile testing.
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