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Abstract

A stent is small tube-like structure expanded into stenotic arteries to restore blood flow. The stent
expansion behaviors define the effectiveness of the surgical operation. In this paper, finite-element
method was employed to analyze expansion behaviors and fatigue life of a typical diamond-shaped
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 simulated using
commercial FEM code, ANSYS and fatigue life were estimated using NISAII ENDURE. The FEM
results showed that the pressures necessary to expand the stent up to a diameter of 3mm, 4mm and Smm
were 0.75MPa, 0.82MPa and 0.97MPa. The fatigue lifes according to expansion diameter were
114><107cycles, 714><106cycles and 163><106cycles. As a result, a finite element model used in this
study can simulate expansion behaviors of stents and should be useful to design new stents or analyze
actual stents.
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Fig. 1 Process of stent operation

Fig. 2 Palmaz-Schatz stent (PS-154)

A 4 d 2HEd g oAy wAd
HEo] o PFAF ot fFaxsAo] IA
2R Pt Ried® ol F 2R ZeAe # B
2ol golx 9 #FEAHS dA7Fen, o F
o] FTA AN SHFHE e,
Dumoulin? $o] 2dE9] 7|A% EAL AFR
3, Auricchio'” $& AWES FFBAlole AF
zZ8e AFAt £ Chua” T AdHE 3
A dEel oid AR WIE AYH
(explicit method)2. 2 #4158ttt a8y olzlz}
2 FU e FHAEY 2dE9 7[AFH 5
Rk A7 uAg Aol

el 2 =RdME 2HE B3 AFH
B3 F FAse BHNEF T2 48 78
A X2 ANSYSE ol&slo] s|Asta, Ale
T @ B3 o3 w24 H-E NISAI
ENDUREE o] &3t |4 &t3t.

2.1 FEM 223
Bz 2 J2HMe Y8 ~2dEE Fig 29 2
& ZAolLy7t 8.06um, Aol 1.37m, FAZF 0.1



ENGR4 2AEY AR E4o

Table 1 Dimensions of the stent

Category Stent before expansion
Number of slots 36
Metal surface area 15.22mnt
Total surface area 34.82mr
Outer diameter of the stert 1.47mn
Inner diarreter of the stent 1.27mn
Length of stent (L) 8.06mn
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Fig. 4 Mapping program using APDL
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Fig. 5 Three-dimensional model of half of the stent

Table 2 Material constants for the 316L stainless steel

0.2% proof strain g, 0.00366
Ultimate tensile strain e, 0.51
0.2% proof stress g, 316MPa
Ultimate tensile strength o, 616MPa
0.2% modulus Eg, 2406Pa
n 5.88

m 2.8
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Fig. 6 Stress-strain curve of 316L stainless steel
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Fig. 7 Loading condition of nonlinear static analysis

23 Sal4
PS154 ~HIE ]
ot ML gich

of o &

Aol g dHd ofd
Futatn, 48 AASH @435
ojwtgkel st FAnE 2
& #HHE e Yo .

Z719 10ime] Wgez vy e £
o] PS-154 2HES HF AHEEAA 3mw7tA B
Zg W g AT 28 g o
£ Fig. 790X A 3 time step 17k 2] F3holl
A 2dEd 75t BFE A7)1, time step 27}
2 Fo e ol AAGA FHF HEAHF
8 AAANRNA Y 2dE AFE s

— &

P p
T de

o}k
]

Leiena

Fig. 8 Deformed shape of the stent

24 T23HH

2HEE 34 A4dE F AF3Y F7135HA
T Fo2 Arie Edd g FH71d
(systolic pressure)®@} &-7] ¢ (diastolic pressure)<)
Aol o3 wEAQ dFE A ok =Y F

& A FHEEFA g8 o] T4t AHE
g Ml Wl wEsE stelA J 2337}
-1

A 2HEE AASe A E7bsdH
22 §3 # 2HE {7t 7T ddgtd &
dEE U Agd zAs A HA 1047
(400x10° cycles)®l W25 Brstojol gt}
T AFdAME HZFE dFd FILLYE
A4F A7/ 2EFH T ov, MartinVe 2H
E 33 F w2 EAo 10omHge ¥dE AL
o FHzHNE Fd5tn, 4¥E T A=
AN Axs AFsGc B AT By
AHE o83ty BFE Fo| 2WE FAdd o
3 AR 84E WER, MY AAFHY
g8  gP=100mHg’t 25 2WEJ Agggz

7t 8t 2-E SJEFH o] AL FHE st
284 g a3
3. a3 IE

3.0 WashA Za

A de] BHEe dia A FAxALE 48
gte] Wdoll wel ~HEZ} RN on PP
F JAZE slo, Fig. 83} o] thojolZ= FH
o B3E 27%E 2€ F AU FFEAAA
AW gE g Fdo] FojyA FE AL
gstzliglsl Ao SR PES 2
l 316L9] HJAFWHE 0.51"7% wimatich



2R84 2059 SAH B4 hF Fe2 24 919

321

304
2.8+
26
2.4
224

2.0

Diameter(mm)

1.8 4

16

1.4+

12 T T T T T T Y T
00 01 02 0.3 0.4 05 0.8 07 0.8

Pressure(MPa)

Fig. 9 Expanded diameter of stent under
internal pressure
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Table 3 Results of stent expansion

Diameter Pressure von Mises Equivalent

(mm) (MPa) stress(Mh) plastic strain
3(291") 0.750 529.6 0.247
4(3.93") 0.824 552.9 0.342

5(494") 0966 590.2 0.432

* : Diameter after unload

Table 4 A change of length and radius of
expanded stent up to a diameter of 3mm

Category Length (mm) Radius (am)
Initial 8.060 0.685
First step (load) 7132 1.498
Second step (unload) 7.762 1.455
Longitudinal recoil -0.388%
Radial recoil 2.87%
Foreshortening 4.07%
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Table 5 Fatigue properties of 316L

Fatigue Fatigue Fatigue Fatigue
ductility ductility strength strength
coefficient exponent coefficient exponent
& c o¢ (MPa) b
0.314 -0.46 1366 -0.156

Table 6 Fatigue life of expanded stent

Dia. Metallic surface von Mises Fatigue life

{(mm) area(%) stress(MPa) Nelcycles)
291 214 71 114x10’
393 16.9 75 714x10°
494 15.0 96 163x10°
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