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Influence of minor adjustments to size of extrusion mold on stability of micro-catheter products
SUN Tongtong"?, CUI Jinggiang"?, CHENG Lingling"*, HOU Jingjie"?, FENG Zhongda"?
(1. Henan Tuoren Medical Equipment Group Co., Ltd., Xinxiang 453400, China;
2. Henan Key Laboratory of Medical Polymer Materials Technology and Application, Xinxiang 453400, China)

Abstract : With the widespread application of extrusion molding technology in the field of medical devices, the miniaturization
and precision production of catheter products have put forward extremely high requirements for mold size accuracy. In response to
the problem of unstable product size output during the extrusion process, this study employed numerical simulation methods to
explore the effect of micro adjustment of extrusion mold size on product stability. The rheological properties of thermoplastic poly-
urethane (TPU) were measured using a capillary rheometer, and a viscoelastic constitutive equation was established based on the
Bird-Carreau model. Using Ansys Polyflow software, multiple sets of numerical simulations were conducted on key parameters of
the mold (compression angle, forming section length) to analyze their effects on the pressure distribution and velocity distribution in
the fluid domain, as well as the extrusion swelling effect of the optimal parameters. Results show that when the mandrel compres-
sion angle is 42°, the die compression angle is 50°, and the forming section lengths of the mandrel and die are 10 mm and 9 mm
respectively, fluctuations in fluid velocity at different positions in the outlet cross-section are significantly reduced, with the smallest
variance and the best stability; The extrusion swelling effect is positively correlated with the volume flow rate of the fluid. This
study replaces traditional trial and error methods with numerical simulations, providing parameter optimization basis for high-preci-
sion extrusion molding of medical microcatheters, significantly improving production efficiency and product qualification rate.

Keywords : extrusion mold ; micro-catheter ; stability ; Polyflow ; numerical simulation ; extrusion swelling
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Tab. 1 Fitting parameters of Bird-Carreau model for
TPU material at 220 °C

(a) Equipment diagram

n,/(Pa-s) Als n n,/(Pa-s) R
1799.83 0.03 0.20 29.13 0.92

Notes: i, is zero shear viscosity; A is relaxation time; n is non-
Newtonian index; 7., is infinite shear viscosity; R” is statistical measures

of goodness of fit.
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(a) Flow spreader defects
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(b) Fluid domain of defects caused
by flow spreader

(¢) Microcatheter dimensions
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Fig. 2 Defect analysis diagram
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Tab.2 Actual and experimental values of structural parameters

Ttems Factors
Al(°) B/(°) C/mm D/mm

Actual size 50 52 10 8

1 40 44 10 5

2 42 46 12 6

Leves 3 44 48 14 7
4 46 50 16 8

5 48 52 18 9

Notes: 4 is mandrel compression angle; B is die compression angle; C is mandrel forming section length; D is die forming section length.
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Tab.3 Total number of grid elements corresponding to different

models
Leves Factors
A B C D
1 4378 080 4215329 4330030 4467 151
2 4357471 4264 229 4466 981 4431955
3 4349 369 4310 164 4550 541 4384301
4 4332555 4336 149 4644713 4330427
5 4335026 4360 980 4764 243 4262074
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Tab.4 Grid independence verification for fluid domain

Models Total number of grid cells Average outlet pressure/Pa Average export velocity/(m+s™")
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Tab. 9 Die swell ratio corresponding to different volume flow rates

Volume flow/(mm?*+s")

Mould cross-sectional area/m’

Free-end outlet cross-sectional — Extrusion expansion ratio (to two deci-

area/m’ mal places)/%
1000 3.38581x10°° 3.392 68x10°° 0.20
5000 3.38581x10°° 3.57227x10°° 5.51
10 000 3.38581x10°° 3.686 62x107° 8.89
20 000 3.38581x10°° 3.800 50x10°° 12.25
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