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Abstract: The plastic tubing in catheter is manufactured by extrusion. In this study, computer simulation was performed
and results were compared for two types of dies, specifically, straight die and crosshead die for the extrusion of catheter
tubing. A spider leg supports the mandrel in the straight die and this die is attached to the extruder in the same line. For
the crosshead die, mandrel contains helical grooves and the die is attached to the extruder at an angle of 90°. The pressure,
velocity, streamline, wall shear stress, and residence time in the two types of dies were analyzed and compared through
computer simulation. The velocity difference in the die land region where the size of catheter tubing is determined
between the two types of dies was large whereas the pressure drops in the two dies were similar. A complex flow pattern
was observed in the crosshead die and subsequently, the residence time in the crosshead die was three times longer that
of the straight die. Wall shear stress in the crosshead die was much smaller than that of the straight die. Thus, more stable
extrusion of catheter tubing is expected for the crosshead die.
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Figure 1. Straight die and crosshead die for 2-lumen catheter tubing
used in this study.
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Figure 2. Geometry of die exit for the extrusion of 2-lumen catheter
tubing.
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Figure 3. Shear viscosity curve for studied material.
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A7, u, v, w= V2t x, y, Z83e] 500 1 extra stress
2 F 3H(total stress, o= 2] (2)9F 22 BAO|Th

o=—pl+t @)

pE A (hydrostatic pressure)©] L = T$] ElA] (unit
tensor)°] o}

B Aol ALg-3E f8ke wHle generalized Newtonian
1299l Cross law 298 AMS-319AT}. Generalized Newtonian
Zdlof|A] extra stress= 2] (3)F o] HECE?!

=2nD 3)

n=ny/[1+(p) ] @)

o71M, nee 271 A=, 19 mE Cross law 29 9] s}y
H, & A& e2 UeRdth Figure 3¢ 249 FE2 o]
23 ABI Y (curve fitting)o14] Cross law= 9 2] ] g
= Table 13} 7t}

&4E M| Y. tho] W] 1EA} FEAe] EF2 A
w23 A A1 o] 88t AlLtsA sl £ sl
ANHE A48 T2 AnsysAke] polyflowE AR-alAt).

Figure 4= 31412 913 tho] W¢] Al85 RdHg Ao|
o AAZA] Foxs 95 Helth 2EH)E tho)
(Figure 4(a))9] BC1¢! inletll & =37 &7 €2 o4
(8.6 MPayS- Foi3itt. BC29} BC3e= 247} tho] Ui ¥
I =" FHOR BE no slip 242 F3189th BC4=
tho] 27 WO outflowsS & L33t A2 2 E tho)
(Figure 4(b))= 2~E#o|E to]¢} nz7IA|E BCIS! inletol
237 ¢E7) Y ¢HE (8.6 MPayS Fojstien, BC2<l
tho] Y5 HH s BC39 WEE W EF no slip 1S
FTh BC4= tho] 27HOZ outflows 483513t

Figure 5= 31412 98] A3 WiAlE BT Q). o)
Al 32 o= SHA| gt AMEA FdoE s
Rom AEF|E Thole} AR AT tholoA 747} 33891
el 483648712 2407 AT

Polymer(Korea), Vol. 42, No. 2, 2018



200

BN

i

BC1
o (nlet)  Spider Leg

BC2
(Inner Surface of Die)

BC3
(Mandrel Surface)

(a) Straight die

R
BC1
(Inlet)
Cylindrical
Distributing BC2
Channel a(Inner Surface of Die)
.~ BC3
Relaxation _ “(Mandrel Surface)
Channel
Spiral
Distributing

Channel = 6 BC4

(b) Crossehad die

Figure 4. Boundary conditions in the straight die and crosshead die for computer simulation.
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Figure 5. Mesh generation for computer simulation.
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Figure 7. Predicted pressure profiles from die inlet to die exit in the
die axial direction.
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