2003

FAGFY 2dE JAH B4 WY FEHL25A
x| 81287 xS
Finite element analysis of mechanical properties
of the balloon-expandable stent
Hae-Yong Cho, Byung-Ki Oh and Dong-Hun Chae
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Abstract

In this paper, a nonlinear finite-element method was employed to analyze mechanical behaviors of
the balloon-expandable stent. Beyond safety considerations, this type of analysis provides mechanical

properties that are often difficult to obtain by

experiments. Mechanical properties of the stent expansion

pressure, radial recoil, longitudinal recoil and foreshortening were studied using commercial FEM code,
ANSYS. As a result, the pressure necessary to expand the stent up to a diameter of 3mm was 7.6atm,

longitudinal recoil,

radial recoil and foreshortening were -0.388%, 2.87% and 4.07% respectively. In

conclusion, a finite element model used in this study could help in designing new stents or analyzing

actual stents.
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Fig. 1 Process of stent operation
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Fig. 2 Stent geometry designed on AutoCAD
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Fig. 3 Three-Dimensional model of half of the stent

Table 1 Dimensions of the stent

Category Stent before expansion
Number of slots 36

Metal surface area 15.22mnt

Total surface area 34.82mn

Outer dianmeter of the stent 1.47mm

Inner diameter of the stent 1.27mm

Length of stent (L) 8.06mm
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Fig. 4 Stress-strain curve of 316L stainless steel

Table 2 Material constants for the 316L stainless steel

0.2% proof strain ¢, 0.00366
Ultimate tensile strain e, 0.51
0.2% proof stress oy, 316MPa
Ultimate tensile stress o, 6160
0.22% modulus Eg, 24(Pa

n 5.88

m 2.8
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Fig. 5 Loading condition of nonlinear static analysis
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Longitudinal recoil = [ load

Radial recoil = Rioed 2)

load
Foreshortening = l‘;LL;

Table 3 A change of length and radius

Category Length (mm) Radius (mm)
Initial 8.060 0.685
First step (load) 7.732 1.498
Second step (unload)  7.762 1.455
Longitudinal recoil -0.388%
Radial recoil 2.87%
Foreshortening 4.07%

(b)

Fig. 7 (a) Distribution of von Mises stress

(b) Closer view of the central stent-strut
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Fig. 8 Comparison between the stress-strain
curve (316L) and the model response
(numerical data) for the stent
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Table 4 Pressures of stent expansion with diameter

Diameter (mm) Pressure (MPa)
3 0.77
4 0.824
5 0.966
6.5 1.42
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Fig. 9 Diameter changes of the stent
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Fig. 10 Radial recoil with expanded diameter
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Fig. 12 Foreshortening with expanded diameter
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