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The multi-lumen catheter with complex and small cross section is widely used for interventional radiology and minimally
invasive surgery. It is manufactured in the polymer extrusion process with many manufacturing parameters. The profile of
the extrudate is difficult to predict because it depends on the die shape and many parameters. In this paper, the effects of
the manufacturing parameters for multi-lumen catheter extrusion are studied. The commercial software ANSYS Polyflow is
used to simulate the polymer flow and predict the profile of the extrudate. The optimized die shape is used to achieve the
target profile of the extrudate. The extrudate profiles are investigated with respect to the puller speeds at the end of the
extrudate and blowing air pressure of each lumen. Circularity and major diameter are compared for the different
manufacturing parameters. The effects of the manufacturing parameters on the profile of the extrudate are examined. The
target profile of the extrudate is obtained with optimized manufacturing parameters.

NOMENCLATURE

n = Viscosity (Pas)

A = Relaxation time (sec.)

n = Power law index for Bird Carreau model (-)
y = Strain rate (1/s)

p = Pressure (Pa)

7 = Shear stress (Pa)

¢ = Circularity (-)
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Fig. 1 Schematic diagram of catheter extrusion process
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Fig. 2 Cross sectional profile of the target extrudate and optimized
die
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Fig. 3 Viscosity of PEBAX 4033 as a function of shear rate at
temperature 190°C

Table 1 Parameters of PEBAX 4033 for Bird Carreau model

1., (Pas) 10 (Pas) A (sec) n(-)

8.09 x 10 960.84 0.00578 0.296
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Fig. 4 Mesh and boundary condition for numerical simulation
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Fig. 6 Extrudate profile and velocity contour for different puller speed (a) 0.05, (b) 0.1, (c) 0.15, and (d) 0.2 m/s
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Fig. 8 Extrudate profile for different pressure in lumen 1 (Pink region) (a) 0, (b) 1244, (c) 1866, (d) 2488, and (e¢) 3110 Pa
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catheter for different pressure in lumen 2

1244, 1866, 2488 121l 3110 Pa2 1125ttt Puller £&=
0.1 m/so| 3l Th2 =ulo] oL 1 =ull 22396 Pa 18]l 31
21 2488 Pao|t}.

W g opizlA R 2 sle) grelo] Aol wehy 2
W 2l o] v o7} gfolx AL B 4= olrk 19 2l
3 ok 28 =wle] rel wisjol o)A i 2w
Aol ol Wa| P AT B 4 Ak Fig 1S 2 2
7l Qe wse] we sieE olfe) 71 NE steEe} 2t 2
o] AYwS ey 20 2we] greo] Z7kgto] wet
FhelE o5 71 g0 ket 1dat 28 2wl AYELE 2
W 2] great wAgle] Ae) Be ghe 2 39 2ule) 4
S 2l o] Qrelo] Z7ltol] metd AYUEE 3
zhrh, 7heE 2] Qe 24 2ulo] glelo] 2488 Pa
o8 Aelsla Ae) 2e e Zkrh. 2Hlo] g
Agwe] s} B 4AE 21 98-S

=
2 %‘%il—i °F€ﬂol 2488 Pagl ¢ AubgoR

o R

r{m ohl m]o

4 L

30, _lﬁ

u}.

T ofy weto] mE ZHE 2] 11 A5 T EeF 7
S AL E HeEpgley. 38 fHle] ofo] Frietol ut

e e oli 71 Ago] F7ekAE 1 ol o4

u o] Atk A

X e

P gk AhdE oot 19, 28 £

A w7}

= E'.
e FdE= 3 Fulo) oFat wAgle]l Ao 22 gE
ZEA 4k 38 FHlo] AL 1866 Pa o]AFe] e ofA]
wolby

o 4 olek. 3w 2ale] ko] 1866, 24
4

Cert B4 WS A8elel HEEe] BAL o
Zal 9-2F 169.65 mm*/sz} Puller &= 0.1 m/s, 2+ &
KR

ZEH
ge I Rl 2239 Pa, 2 Wl 2189 Pa I12]3l
kS

A B3 Il YA 1 VT Y
k3|

88 PAS] 4]

= ¢
7HEIE S AR fFARE g2 20 AAF R w2 WY

= gt 2|4
sh8l 4 WSS Agstel dlET B4 st FHEE
o74e] 71 ABL 277 mmo| 7 ALEL 09, 14 Fule] 71 %)
290 127mmo|1 JYPEE 0.9, 28 FH] 71 X]5L2 0.95mm
o]al XYE+= 0.9, 38 £ 71 A5 0.66 mmo|aL, F Y%
+ 0.890]t}. 39 £wle] 71 X5 ANAE=T} 3 FA4 7HE
2 jole wolck 1 2wzt shee 9jAe] F4% AL =
A QEAIR 2917} 39 o] WA At H o T WAE A
& o 4 gt



ro

ZHUSSSX| M37H M1 E

January 2020/23

e

1 mm

(a) (b) (©)

BI
=

|
=

(d) (©

Fig. 12 Extrudate profile for different pressure in lumen 3 (Pink region) (a) 0, (b) 1244, (c) 1866, (d) 2488, and (e) 3110 Pa
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