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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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(b) Insert introducer sheath and dilator
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(c) Taking out dilator & guidewire and
insert catheter for procedure

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.)

T o] 183}o] DDREZ
ST 19].
w3, 9bH AT Vi) 2ol s B €ld BYAE
2 Swell FAS 243517 Y34 ANSYS Polyflows E3t
o

1.152 AA3}3L Tip?} DieE A%

84 AP A O = ulekEA A APATe Navier Stokes 74
[e]

2 FHECH?20].

g 3
e 3)
AZIA u; = A H= Adolnh o] dgolA A, B
42, Feo] AR 4 olrka st 888 Benio) 58
of Tiet S5 g WALE A@et 2ol EHH
ap aTij
L _J=
Ox; Ox; @
714 pe d=ola, 1= &Y ElAoltt. Generalized



June 2023 /461

Heat temperature [°C]

1

1

1

&l

S UISE|X| M40 H Mes
Newtonian Fluid®] 739 23 ®lA]= 21(5)2} Zo] Aoj=rt. Table 4 The operating temperature of the extruder
. cou, o Section
= 1( 7)(5 + 5) ®) Barrel 1 180
Barrel 2 185
ol #-gslo] ofefl Table 33} Fig. 79} o] Az =7 9 Barrel 3 190
Al 23e AAskler fAsY A, 5ol PeekE= Die head tool 200
AL 2RI 4= Qlglar, 1o whet 58S ARkt Polymer exit 210
Table 5 Experimental conditions—calibration, cooling temperature,
3. AlS MA gl dj wafer-disk thickness
o Gl o gy "k o
3.1 AE By
4% F UE7) $eolde] £& 248 HDPES] H Aol L o 2
ool A8 T1250] Table 49} Zo] A5t} 2 alibrator 40 ;
w3, EFYI RH OUE T4S AT 371 4% 20 3 %
(Puller)2] 4= 4] A] g3 3t oju] £5% ol W9I= & 4
AEES slo] ABE SAsHATh. WA Y FRUSRE 5 2 5
Table 5} Fig. 8ol A9} o] E&H 85 ZHem o] 133l 6 10
TFo e Y 2ref A HY|olE 9 Wafer-disk F7 2 Al 7 20
gatalon, ol S3f AejHe o} A8HA| 4 d=E3H 8
¥ AR B olE7t A8 TN FHE el U Ude= 9 With 40 5
) 10 calibrator 10
£ 8§ Elul} delndelds g o e i 20
ol of 2 ko] JYE 12
13 5
14 60 10
15 20

-
= Wlaselnt
[e)
Wafer-diske} b2k 517 ==
PR
325 WY
3.2.1 BHO| & Snof Lol 5%
A= AN A= B o]E Y ARG Fo] whE Al A4 o
B S}l QFEAI AR H9] 220} 274 7](Ultra scan 1000, —_— !ﬂ
NDC Technologies Inc.)& 53l 5H ¥ 2/& &43}%h 1mm
ofe 2] Fig. 99} go] ZZuf Alo|x|oA W2 7] 45 Fig. 8 Wafer-disk thickness conditions (1, 5, 10, 20 mm)
HAE Hiff Heb7|oflA 259 SutE wglste] e F
we] Wog muxA| o, o Fr} waste] ThA WEks]2 7 _— /f«\
£x]o] oy %] 47] a} 2 H3lsle] EHol ¥ TE = D};:‘I‘e:tg;?sle Soundwaves
A Bek21) 1)))) )
E3} 4-% o)A =47|(AccuScan 6012, NDC Technolo-gi Ulra Sean DS Tt \ /
Fet elmelole] W Wz 7oA
= 0—6}-93\ Eq’ i—%“q— é;g 7]% Echo 1 ECIPIAM RemmEcho o
B 94 AARE Atstel A somanovs 02
f\_/
— (((C (
Ultra Scan DSP " Ultrasonic /
Transducer \”77/ 4
Fig. 9 Ultrasonic measurement method of extrusion system
& olgsto] Aughs Blal &

es InC)E o]-gsto] the
248 EH| 8l Ae =

e} dlolA 274718
[22].
dhEos BRol AUt A6

519t

Fo v
W37 m2aA =lgich22]
=%
HE 3D 2d

rE
4>

Hl% 3l

vy

5 VS|

Inspection Scanner System, USA) %

2 ek B AU Bk CTolH $44 Hlo|els



462 / June 2023

Roundness = _4xd (6)
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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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temperature and wafer disk thickness

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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