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This study aims at developing a high temperature extruder for an FDM (Fused Deposition Modeling) type 3D printer that
uses engineering thermoplastic filaments. An extruder is a key part of an FDM type printer, in which a filament moves to a
heating block and is extruded through a nozzle with a specific diameter. For an appropriate extrusion, the filament should
be heated above its softening temperature. Specifically, the filament should not be melted nor softened before it reaches
the heating block for appropriate delivery. Hence, the extruder temperature should be carefully controlled to ensure its
heating capability as well as its proper delivery. To meet these requirements, thermal-structural finite element (FE) analyses
were performed for the prediction of the distributions of temperature and thermal stress. Various extruder designs were
then considered to maximize the temperature difference between the nozzle and delivery parts, as well as to ensure

structural safety.
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NOMENCLATURE

E = Elastic modulus

v = Poisson’s ratio

a = Thermal expansion coefficient

k = Thermal conductivity

T, = Glass transition temperature of polymer
T,» = Heating temperature of the extruder

h, = Length of the high temperature region
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Fig. 1 Photograph and sectional view of the extruder
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Table 1 Physical properties of the extruder components

Material E (GPa) 1% a(10°/C)  k(W/m-K)
Teflon 1.80 0.46 11.2 0.35
ABS 2.83 0.35 9.0 0.216

AA6061 69 0.33 2.3 170
SS303 193 0.25 1.73 16.3
Brass 96.5 0.31 2.05 116

Fixed
(z-dir)

Symmetry

W\

A A

N
=

Natural convection
(all outer surfaces)

Temperature: 260°C

Force: 10 N

Fig. 2 Boundary conditions of an extruder module for thermal-
structural coupled FE analysis
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Fig. 3 Thermal FE analysis results: (a) Temperature (unit: °C), (b)
Heat flux (unit: W/mm?), (c) Measured temperature distribution
(unit: C)B
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Fig. 4 Distributions of von-Mises stress (unit: MPa): (a) Thermal
stress only, (b) By external force
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Fig. 5 Comparison of the simulation results according to the

thickness of the heat break region
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Fig. 8 Comparison of the simulation results according to the
thickness of the metal tube
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Table 2 Comparison of results according to tube thickness

Thickness (mm) AT (°C) Omax (MPa) hy (mm)
0.50 78.1 179.9 1.46
0.75 75.2 114.5 422
1.00 71.6 90.5 5.00
1.25 68.0 81.5 9.36
1.50 64.5 65.7 N/A
1.75 61.2 57.4 N/A

260 243 226 209 192 175 158 141 124 107 90

11 fins 10 fins
8 fins

6 fins
%%5 ﬁns %

Fig. 9 Temperature distributions according to fin numbers
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Table 3 Comparison of results according to fin numbers

No. of fins Tc (°C) Te (°C) AT (°C)  hy(mm)
11 162.1 90.5 71.6 5.00
10 164.2 94.4 69.8 5.74
8 1694 103.8 65.6 9.15
6 176.1 115.8 60.3 N/A
5 180.3 123.1 572 N/A
4 214.9 196.4 18.5 N/A
Table 4 Result summary according to filament materials
Material ABS PC PEI
T, (°C) 110 150 218
7,,(°C) 260 300 350
Tc (°C) 169.4 208.7 251.1
T (°C) 103.8 142.5 179.4
AT (°C) 65.6 66.2 71.7
O (MPa) 87.6 824 88.2
hy (mm) 9.18 8.41 2.33

3oo 142 (b) 550 179 (c)

103 (a)

Fig. 10 Temperature distributions according to filament materials:
(a) ABS, (b) PC, (c) PEI
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