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Effect of Multiple Process Parameters on Extrusion Force in High-Flow 3D Printing of Braces
Zhang Fan, Yang Xiao, Tu Yiwen
(School of Mechanical and Electrical Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract : High-flow 3D printing technology is an effective way to achieve rapid prototyping of braces. However, in the
context of high-flow Fused Deposition Modeling (FDM), plunger-type extruders demand higher extrusion forces to achieve fused
extrusion of filaments, making them more susceptible to filament wear and bending, ultimately leading to printing failures. Aiming
at the problem of unstable extrusion and easy failure of the plunger-type extruder in the process of supporting high-flow 3D printing,
the extrusion force was taken as an observation index of the stability of the extrusion process to study the influence of process param-
eters on the extrusion force. By designing a high-flow extrusion mechanism, establishing a melt viscosity simulation model, and
constructing an extrusion force measuring device, using a combination of simulation and experiment, the trend of the extrusion force
under different combinations of process parameters was analyzed, and the effects of runner structure, extrusion speed, and nozzle
temperature on the extrusion process were studied. The results show that increasing the diameter of the channel transition outlet can
reduce the extrusion force in terms of channel structure parameters, which is conducive to improving the stability of the extrusion
process. In terms of extrusion speed and nozzle temperature, different combinations of printing process parameters can lead to three
different extrusion processes, and the extrusion force can be kept in the stable extrusion interval by choosing reasonable process
parameters. When the extrusion force is controlled below 113 N, the extrusion device can realize a stable extrusion with a large flow
rate of 24 867.03 mm’/min. It was improved the efficiency by about 23 times compared with the ordinary FDM printer through the
actual printing model time-consuming test.

Keywords : high-flow 3D printing ; rapid prototyping of braces ; process parameter ; extrusion force
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