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Optimization of microextrusion molding process parameters for polypropylene five-lumen products
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(1. 713th Research Institute of China State Shipbuilding Corporation Limited, Zhengzhou 450015, China;
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Abstract : With the wide application of micro multi-lumen tubes in biomedical and fiber-optic communication fields, higher
requirements are placed on the molding accuracy of multi-lumen products. Aiming at the technical bottlenecks of polypropylene five-
lumen microtubes in extrusion molding, such as cross-lumen dimensional coupling deviation and cross-section ellipticity instability,
the influence of molding process parameters on the molding accuracy and performance of five-lumen microtubes through the combina-
tion of extrusion molding experiments, numerical simulation and multi-objective optimization were explored,and the mapping relation-
ship between the molding process parameters and five-lumen microtubes' quality was established. The results show that the multi-
objective optimization method based on Kriging surrogate model can effectively solve the problems of parameter optimization in the
forming process of multi-cavity microtubule products,and break through the limitations of low efficiency and poor optimization ability
of traditional trial-and-error method. The optimized process parameters significantly improve the forming accuracy. By adjusting the
process parameters for micro extrusion experiment, the final five-cavity micro-tube products meet the design requirements in terms of
size and shape accuracy. Compared with the initial results, the size deviation of the five-lumen products is reduced by 74.4%, and the
ovality is reduced by 39.9%. The optimization results verify the effectiveness of the multi-objective optimization method.

Keywords : polypropylene ; five-lumen product ; extrusion moulding ; process parameter ; multi-objective optimization
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Fig. 1 Design requirements of five-lumen microtubule product
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Tab.1 Molding process parameter range of five-lumen product

Range Ny/(r- min") P, /Pa P, ,/Pa V,/(mm- s
Initial range 4.6 100~900  100~900 8~24
Design range 4.6 100~200  200~400 14~18

Notes: NV, is screw speed; P, | is main cavity pressure; P, , is subcav-

ity pressure; ¥, is traction speed.
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Fig.3 Micro-extrusion boundary conditions and mesh division of

five-lumen product
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Tab.2 Comparison results of different methods for process

parameters of five-lumen product

N/ PPy vy D,/

Method 0./
cthods (r*min’") Pa Pa  (mm's') mm ° &
Initial result 46 500 500 16 0.625 198
LHS sampling ¢ 304 3460 163 0.183 120
result
Optimal result 4.6 507 3874 166  0.160 11.9
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Tab. 3 Ultimate size and demensional deviation of five-lumen

products
. . Five-lumen
Ultimate cross-sectional .
Measurement element . . product size/
dimension/mm
mm
Maximum diameter d, 2.925
Outer diameter Minimum diameter &, 2.873
Maximum size deviation -0.027
Mai ity di y Maximum diameter D 0.875
t 1 "
am Ca\fl Y .1ame e Minimum diameter D 0.861
Subcavity diameter ) . e
Maximum size deviation +0.035
o ) " Maximum wall thickness 0.117
uter ring wa Minimum wall thickness 0.106
thickness o-min
Maximum size deviation +0.017
. - Maximum wall thickness A, 0313
t .
FINET TEIOTECIENt i mum wall thickness /. 0277
wall thickness ) ) _ b
Maximum size deviation —0.023
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