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Balloon catheters are a key technology in medical devices, essential for minimally invasive procedures. This study
quantitatively analyzes how the orientation characteristics of polymer tubes, influenced by extrusion conditions, affect the
mechanical properties and compliance of the final balloon—where compliance refers to the change in diameter under
external pressure. Nylon 12 tubes, with a target outer diameter of 1.2 mm and an inner diameter of 1.0 mm, were extruded
under six different orientation conditions by varying the screw flow rate and puller speed. The tubes were processed under
identical forming conditions, allowing for a consistent evaluation of their mechanical properties. As orientation increased,
elongation decreased while yield strength increased, and these trends continued in the balloon, significantly influencing
compliance. To quantitatively measure orientation, we introduced the dimensionless Deborah number. We established a
curve-fitted experimental model that links extrusion conditions, polymer tube properties, and balloon compliance. This model
allows for the prediction of balloon performance based on extrusion-stage parameters, providing a practical framework for
process optimization. Overall, this study offers an effective quantitative indicator for forecasting balloon catheter performance
based on extrusion conditions and supports the systematic design of medical balloon products.
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NOMENCLATURE V.; = Average Velocity at the Die Exit

L, = Free Surface Length

B = Dimensionless Parameter Characterizing Swell Ratio ' . .
A = Relaxation Time

N, = Piston-driven Normal Stress

T = Shear Stress

DDR = Draw Down Ratio

. . 1. M2

V, = Puller Withdrawal Velocity

V = Release Velocity of Polymer Melts _
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Fig. 2 Swell phenomenon in the extrusion process

Fig. 3 Draw down ratio (DDR) schematic

Table 1 DDR recommendation for industrial plastic extrusion

Material DDR
HDPE 1.15
LDPE 1.60

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

Table 2 FEM specifications for numerical analysis

FEM specifics Value [Unit]
Nodes 120305 [EA]

Elements 115040 [EA]
Flow rate 7.849E-08 [mmi*/Sec]
Pulling speed -0.1 [m/s]
D, +D v
DDR = -L—¢ = 2 2
Dy+D; vy @
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Fig. 4 Schematic diagram of the computational domain, mesh and
boundary condition used in numerical analysis.
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Table 3 Extrusion process parameters by conditions

TYPE Fl[(znvg/rse;te Pull[er:rrl/ sslieed Debor?]}; :]umber
Condition 1 2.12E-7 0.06 0.06
Condition 2 4.24E-7 0.13 0.11
Condition 3 6.32E-7 0.21 0.16
Condition 4 8.38E-7 0.27 0.20
Condition 5 10.2E-7 0.35 0.23
Condition 6 12.1E-7 0.45 0.25

Table 4 Balloon foaming process parameters

Temperature [°C] 150
Forming time [s] 180
Pressure [bar] 7
Left-Right stretching [mm]
Left-Right stretching speed [mm/s] 5
Cooling time [s] 180
Cooling temperature [°C] 15
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WaAXS (Wide Angle X-ray Scattering)
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Fig. 9 The WAXD patterns of Nylon12 under different orientations
of polymer tube

Table 5 Elongation and modulus of tubes by extrusion conditions

TYPE Elongation ratio [%] E [Mpa]
Condition 1 1755 0.87
Condition 2 1468 1.13
Condition 3 1147 1.19
Condition 4 843 1.22
Condition 5 546 1.42
Condition 6 322 1.64
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Stress Strain Curve
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Fig. 11 Stress-Strain curves of balloons formed from oriented tubes
in axial and radial directions
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Fig. 12 Bar graph of average yield strength and elongation in
balloons under different processing conditions

Table 6 Elongation and modulus of balloon by extrusion conditions

TYPE Elonga[toﬁ]n ratio Average[i:[e;;l]strength
Condition 1 (Axial) 279.8 189.2
Condition 2 (Axial) 2214 2235
Condition 3 (Axial) 191.2 242.1
Condition 4 (Axial) 163.5 264.7
Condition 5 (Axial) 142.1 280.4
Condition 1 (Radial) 208.8 218.1
Condition 2 (Radial) 176.5 2394
Condition 3 (Radial) 159.3 261.1
Condition 4 (Radial) 1404 288.3
Condition 5 (Radial) 123.4 302.9
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Fig. 13 Compliance of balloons different extrusion conditions
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Fig. 15 Compliance-related average yield strength and elongation of
balloon-grade polymer tubes by deborah number

Table 7 Mechanical properties of polymer tubes with balloon
Compliance indicators by deborah number

Deborah Average yield . Nominal
Elongation

number strength [%] pressure
[De] [MPa] ’ [NP]
0.06 38.76 1755 6
0.11 47.32 1486 6
0.16 52.36 1147 6.5
0.2 55.42 843 7
0.23 59.42 546 8

Nylon 12& 7[HFo & 9|7 1.2 mm, Y7 1.0 mm2]
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