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As the market for minimally invasive procedures developed rapidly, there was an increase in the demand for high-
precision, high-performance catheter fabrication technology. Sheath and dilator tubes are essential intervention devices
for procedures, in which catheters are used and require precise dimensional accuracy, and uniform roundness and
surface roughness. Polyethylene is used in sheath and dilator limitation for processability, which causes low melt flow
index and side effects. Therefore, in the extrusion process using polyethylene, it is important to study the manufacturing
of tubes with improved roundness and surface roughness. In this study, we proposed a calibrator for precise production
with an aim to manufacture 5Fr micro-puncture tubes, and studied the changes in the roundness and surface roughness
of tubes by changing the cooling water temperature and water disk thickness. As a result, it was found that the cooling
water temperature and wafer disk thickness had an effect on the roundness and surface roughness, and the roundness
had an effect on the formation of the wall thickness. Therefore, these experimental results were used as a study for the
production of improved Sheath and Dilator tubes.
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Fig. 1 Procedure for using the introducer sheath & dilator
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Table 1 Requirement characteristics according to calibrator type

Calibrator type Resin Characteristic
Polvethylene Low vacuum level
Wafer-disk type Pol Y o Y lene Small diameter
Ypropy High line speed
Sleeve type ABS Hlf:rV: ill;;“nrlleltzel
Rl PVC e

Low line speed

Fig. 3 Wafer disk type calibrator drawing & structure
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Fig. 4 Wafer disk type calibrator principles
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Table 2 Typical polymer DDR ratio

Material DDR
HDPE 1.15
LDPE 1.60

Polyurethane 1.3-2.0
P-PVC 1.15-2.0
U-PVC 1.15

Table 3 FEM specifications for numerical analysis

Parameters [Unit] Value
Nodes [EA] 71,224
Elements [EA] 130,870
2.375E-08
Air flow rate [m?/sec] 2.5E-07
Puller speed [m/s] 0.08

Polymer flow rate [m*/sec]

VELOCITIES
Cortins 1

7.758e-02
72302
G.TEde02

Fig. 7 Analysis result of the tip & die (Polyflow by Ansys Inc.)
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Table 6 Result summary of roundness & roughness, * : Close to

target
Cooling ~ Wafer-disk Rouchness
Test Calibration temperature thickness Roundness [ Rgi 1
[Cl [mm] ot
1 20 0.871 1.78
2 wi/o cal. 40 - 0.869 1.74
3 60 0.873 1.87
4 1 0.933 1.823
5 5 0.92 1.78
— 20
6 10 0.93 1.72
7* 20 0.941 1.61
8* 1 0.9835 1.782
9 5 0.92 1.667
w/ cal. 40
10* 10 0.961 1.424
11 20 0.915 1.28
12 1 0.938 1.541
13* 5 0.949 1.449
60
14* 10 0.98 1.31
15% 20 0.971 1.16
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Fig. 12 Variation of roundedness and roughness with cooling

temperature and wafer disk thickness
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(c) Tube wall thickness (Wafer-disk thickness: 10 mm)

(d) Tube wall thickness (Wafer-disk thickness: 20 mm)

Fig. 13 Tube wall thickness according to wafer-disk thickness
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