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ways to simulate the interactions of these multi-materials20. This work has demonstrated potential 

ways of achieving such objectives. 
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FIG. 2. Perspective view of the Ultimaker Original 3D printer. Hardware modifications highlighted in 
detail views. (a) Pressure regulator to control extrusion pressure. (b) Solenoid valve that toggles air 
ON/OFF. (c) Paste extrusion head. Fifty five-cubic centimeter syringe barrel with a 20-gauge luer lock 
dispensing tip. The syringe barrel is mounted on the printhead using a 3D printed bracket. The on-
board syringe removes the need for a material feed line from an off-board syringe, which prevents 
material wastage. (d) Direct-drive FDM printhead with standard 0.4-mm hot end. (e) Fourth axis with 
rotational degree of freedom. Axial 14-mm mandrel coupled to stepper motor. Each axis, namely X, 
Y, Z, or E2, is individually addressable from the G-code. FDM, fused deposition modeling. 
 

 

 

 

 
















