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Fig. 1 Diagram of the filament diameter at different stages of FDM
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Fig. 2 Schematic of the simulation model for D,
(a): equivalent model; (b): mesh

Tab. 1 Properties of PLA filament

Tensile Bending I\111(1)‘: c:::l Percentage of Heat deformation
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/(J-m™)
Value 1.24x10° 60 60 16 3 55
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Tab. 2 Factors and ranges affecting filament diameter

Filament diameter Printing parameters

D, Constant(mm): 0.4(= nozzle size)
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Fig. 3 Numerical simulation results of 3D printing extrusion
(a): cross-section shape; (b): extrusion diameter
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Fig. 4 Variation of D, with extrusion velocity V: at different nozzle
temperatures
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Fig. S5 Variation of D,, D; and shrinkage s with printing speeds VP
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Fig. 6 Variation of D, with layer thickness HL
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Fig. 7 DSC results of PLA filament before and after 3D printing
(a): primary melt process; (b): secondary melt process
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Fig. 8 D, results of (a) POM and (b) SEM
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Fig. 9 Temperature results of the filament near nozzle
(a): thermal image; (b): estimating the temperature
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Tab. 3 Measurement diameter results of 3D printed standard samples before and after printing modified parameters

No. &dy/mm (Dy—Dy)/mm SE/mm @/mm (D— Dy)/mm SE/mm
1 12.729 0.229 5 12.516 0.016 5
=0.201 =0.052
2 12.575 0.075 12.607 0.107
3 12.707 0.207 12.504 0.004
4 12.742 0.242 12.458 -0.042
5 12.704 0.204 12.510 0.010
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Effect of Process Parameters on the Deposition Size of Polylactic Acid Filament

Ziyang Wang, Yifei Chen, Haimei Li

(College of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

ABSTRACT: The change of filament size in fused deposition modeling (FDM) has an important influence on the

printing precision. In this paper, the diameter changes of PLA single filament during FDM process from nozzle

extrusion to deposition solidification were studied by experimental and numerical simulation methods. According

to the characteristics of FDM process, the effects of process parameters (nozzle temperature, extrusion speed,

printing speed, layer height) on the diameter of filament near the nozzle, extrusion expansion stage, stretching

stage and deposition stage were quantitatively analyzed. The results show that increasing the nozzle temperature,

increasing the extrusion speed and reducing the layer height are very helpful to adjust the dimensional stability of

filament during printing process and improve the precision of the printed parts. Finally, by using the diameter

formula during deposition and solidification, the "precision experiment" of filament diameter compensation is

done, and the dimensional accuracy of printed products is improved by 74.1 % after compensation.

Keywords: filament size; numerical simulation; printing precision; process parameters; fused deposition molding



