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Design of Extrusion Die for Medical Multi-lumen Tube Using Inverse
Extrusion Simulation and Optimization
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The design of the extrusion die significantly affects both the extrusion process and the quality of multi-lumen tubes.
Traditional design methods that rely on trial and error tend to increase manufacturing time and costs while diminishing
product quality. This study utilizes inverse extrusion simulation and optimization to design the extrusion die without the need
for trial and error. The inverse extrusion simulation generates the die profile necessary to achieve the desired extrudate
shape. Subsequently, direct extrusion simulations are conducted to predict the extrudate profile based on the derived die.
The optimal volumetric flow rates of air within the lumens are also identified to ensure the extrudate meets the target
profile. The results from the direct extrusion simulation, combined with optimization, confirm that the designed extrusion die
can successfully produce the target profile. Using the derived die, the multi-lumen tube with the desired specifications is
successfully extruded. This design and manufacturing approach enhances both the quality and productivity of multi-lumen

tubes.
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Fig. 1 Target cross-sectional profile of the extrudate for the multi-
lumen tube

Table 1 Dimensional specifications of the target extrudate

Dimensional parameters Target
Outer profile Perimeter [mm)] 8.482+0.8
Circularity [-] >0.9
Main lumen Area [mm?] 3.142+0.3
Circularity [-] >0.9
Sub lumen Area [mm?] 0.367 = 0.04
Perimeter [mm] 1.781 £0.2
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|
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Fig. 2 Measured viscosities and fitted curves of PEBAX 7233 at
200, 215, and 230°C
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Fig. 3 Computational domain and mesh for the inverse extrusion
simulation
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Fig. 6 Computational domain and mesh for the direct extrusion
simulation
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Fig. 10 Comparison between the simulation result and target extrudate

Table 3 Dimensional parameters of the simulation and relative error
to the target extrudate

Dimensional parameters Simulation Error
Outer profile Perimeter [mm] 8.496 0.17%
Circularity [-] 0.998 0.20%

Main lumen Area [mm’] 3.145 0.10%
Circularity [-] 0.997 0.30%

Sub lumen Area [mm’] 0.368 0.01%
Perimeter [mm] 1.778 0.17%
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Fig. 13 Comparisons between experiment and target extrudate

Table 4 Dimensional parameters of the experiment and relative
error to the target extrudate

Dimensional parameters Experiment Error

Outer profile Perimeter [mm] 8.785 3.57%

Circularity [-] 0.967 3.30%

Main lumen Area [mm?] 3.651 16.2%

Circularity [-] 0.942 5.80%

Sub lumen Area [mm?] 0.40 8.70%

Perimeter [mm] 2.067 16.1%
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