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Computational evaluation of the effect of geometric parameters on the
mechanical performance of shape memory alloy stents for use in the breathing

systems
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Original Research Paper The performance of stents is mechanically highly dependent on their geometry, in which geometric
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angles between the stent arms can be pointed out. In the present study, the finite element method was used to
study the effects of geometric parameters on superconductive behavior of new geometries Z- Shape of shape
memory alloy stent for application in the trachea using a radial loading (crimping) test. The material model

Shape memory alloy stent used to describe the properties of a shape memory material based on the Helmholtz free thermodynamic
Geometric parameters energy (Auricchio model). In this numerical study by creating a new design of the stent and by choosing
Numerical study different mechanical properties and changing its geometric parameters, the mechanical performance of the
Breathing systems stents was evaluated using finite element analysis with empirical verification. The modified geometric
parameters are the thickness, number of vertices and angles between the stents. Reducing the thickness of the
stents from 0.3 to 0.2 mm in the same of angle between the length and the number of bends of the stent causes
reducing the stiffness = 37.87%, reducing the radial mechanical strength to open ducts (COF) = 50%,
reducing the radial force = 38.35% and increasing displacement = 0.2%. The stents with lower thickness have
a better mechanical performance due to more complete mechanical hysteresis loop, less radial mechanical
strength to open ducts (COF), more radial resistive mechanical strength related to ducts (RRF), less radial
force, less stiffness, more displacement, less stress ,high strain at stent critical points, and high martensite
formation at less strain. All stent models exhibited the superelasticity behavior due to martensite
transformation. This numerical study can provide a good way to study the mechanical behavior of stents used

in the respiratory system with respect to the effect of geometric parameters.
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Table 2 Material characteristics based on Auricchio model [9, 21, 22].
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Fig. 1 Schematic of the geometry of a stent ring
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Fig. 2 Schematic of an open stent ring
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Fig. 3 Comparison between tensile behaviors of Nitinol based on

material properties of Table 2 and Auricchio theory [9,21,22].
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Table 3 Meshing size of stent samples
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Fig. 6 Mesh sensitivity analysis including stress in the element
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Fig. 9 Stress and strain contour of Stent 1
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Fig. 12 Martensite - strain curve of Stent 1 and 2
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Fig. 10 Stress and strain contour of Stent 2
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Fig. 14 Stress and strain contour of Stent 4
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Fig. 13 Stress and strain contour of Stent 3
Bl 1o (o8 8555 5 55me 0198 S lS 13 S

60



SIS G340 ©31) oss (39

8l Jldabil sl 3WT o )l Gl il (SSale 3)Sdes p3 (WD S pielHly b Sbwlxo (b))l

(s 9 Sysme slal Jlesl B o lml> Bl -4
»ead 0y S (A8 (655 plsedr pieS loe Lt S
Goys 4 ) Jole b b ol oKT wgl s S
Frocrs Cams Sy, JS0 Z catal [0 aule g olads
03 ) Wlgi e o3le elss 5 amaie 5 (el (55)

Fig. 17 Image of a stent bend
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Table 6 Results of the Radial Force of the Stents

Sl Fr (N) K (N/mm) Ac (mm)
1 0/04525 0/00146 419323
2 0/072720 0/00235 419228
3 0/198797 0/00968 312672
4 1/047081 0/04902 3/3992
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Fig. 18 Force-Displacement Curve of Stent 1 and 2
251 ol o glo S elads Caz 10 g, 9 lals loses 18 IS

1.2

0.8
0.6
0.4
0.2

= STENT 4
STENT 3

Force(N)

0 04 08 12 16

Displacement
Fig. 19 Force-Displacement Curve of Stent 3 and 4
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