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Abstract Stents are widely used as the most common method of treating coronary artery disease with implants in
the form of a metal mesh. The blood flow is normalized by inserting a stent into the narrowed or clogged areas of
the human body. In this study, the mechanical characteristics of a stent are investigated according to the variations
of its design parameters by the Taguchi method and finite element analysis. A stent model of the Palmaz-Schatz type
was used for the analysis. In the analysis, an elasto-plastic material model was adopted for the stent and a
hyper-elastic model was used for the balloon. The main interest of this study is to investigate the effects of the design
parameters which reduce the possibility of restenosis by adjusting the recoil amount. A Taguchi orthogonal array was
constructed on the model of the stent. The thickness and length and angle of the slot were selected as the design
parameters. The amounts of radial recoil and longitudinal recoil were calculated by finite element analysis. The
statistical analysis using the Taguchi method showed that optimizing the shape of the stent could reduce the possibility
of restenosis. The optimized shape showed improvements of recoil in the radial and longitudinal directions of ~1%
and ~0.1%, respectively, compared to the default model.
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2 dTe] AR S HFE AEE pdod 4 3 HA YAe FdH4]. =HE 4L Creodt
=2 587 dde] Az wel thA] Folx= & HypermeshEs AMS-Sle] Bdy) S sl AHlESME
5 Fo)7] Sletd 5% 2E5Y Yo 2ES 4] 7R Z2 390 ABAQUSSE FAVSEEZZ 13
st W ol AW Fo SR Ml MINITAB [5, 6]& A3+

2HIE+= 19644 Dotter 5o 93l 71540] §le 7
B R 29 ol A, AW, FE Fol FolA
L k] B9jel] 4kQlEo] Fof Bl Ao aE-S As) 2. AHIE LXGHAM
AA W A8e A Tsh= 7P Akl Wy ow
de] AMEE AL QY] 2.1 {5t2A siM

2HES QA W Ay whdwkgko 2 s125)r] o) Ao AFEE ~HIE: Palmaz-Schatz &S A&
ol 4] FEHo R Azso] gt aHy 2HES  F9da, 7R ~HE] FaAAL 1A 0] 1.5mm, WA
WAL W, ~RIES] RHI JZE e 3 Ul 3 o] 1.36mm, F717} 0.07mmo|t} (Fig. 1). 2HES] &
ot atgol ZhelA Al HH 3t Blol] E4E Fol B e UFTFRIER 4 Bdd Zdojgo s 2R
B AA F-9o] o] AlRe] WA WHHE E A(7.9mm)E AHEEISTH
o] Al FolA= AP zto] WAl APl A Fe2 Aol AHEE Bde AHES FTHoR
£ Ast7] st AlebaE T AT AR, 2 FAE Y glon, A2 7|20 HypermeshE AHE-3lo] 8
HE 39 54 7 55 3 WHol Ak Ho  HA SuAess At ~dERDL oF 56,000
cERAoRE WANToRE §olatA BAHA 3} orle] A oF 31,00009719] L247F AFEE AL, F
et o] AR e ~'E P o AAZE AmdL oF 2400099709 AT} oF 16,0000 79 &
g e 3iti2) 25 AHES9 o, ABAQUSOIA Algshs 887 &4

2HEE 25 Wi weka F487d2(balloon - A L4 (C3DSRH)E AHEstth 18]il ~HIES} ¥
expandable)¥} A7+ 2 (self-expandable) 0.2 U = A Alolo] HZEd t3t Rdge 7|&std H|AHES 1
Jom Az A7 A upghA Aeldo @ ALEEa gale] AqtR v1ie]d HEZ7(Small sliding contact)S
Atk AHEEE AFe FAFA ] AeE dEE FHesan
316L2H Q2| 278 ALg-alar 9lom, A7tehdale] 7 2HES] AT Z AHEH 316L Stainless steel] BHA
- Nitinol(Ni-Ti F5)& AHE-gth Hojd IGE=E A= (elastic modulus)= 196GPa, 3Eo}<5-H|(Poisson’s
Zta Qe 316l zHdE| e ulAAde] AEtal,  ratio)E 033 o]a A|E HIMFEA EAS A 9l
Nitinol & YA L% o] del|A P o Folo= FA7] o gy mds AR89
o] A4S 717l AAA R T & AT AREE A A= ndE Ze| =2 dl(high-density

z
AggA 2~BIEQ] Palmaz-Schatz Z~RIEE 1985 W polypropylene)ol2t 7F43ske], Z&H4d(hyper-elastic) 7
Palmazol] ¢JajA] ~E|Qle]a7o 2 ghe By gRES Aol g 294 AeRdE F
o] Foll T3S W FEHE IRtEo] AMEEHNA, Mooney-Rivlin 228 28319 3

A
(material constitutive law)< T3} 2t}
o] Aol AH8¥olATH3], W= GColh=3)+ Gy (4 =3)

971 wWe  As7E 5¥AGsotropy), BIEEA
(incompressibility)d w<] TLAGT HIE Y=
(strain energy)¥4= ©], I;, L= Cauchy-Green ® & &
Bl A (strain tensor)] F £ (invariant)S LERATE
Mooney-Rivlin &<¢] Cio%} Coi TG F 025
v H 44 dolHE o]&3te Aka ghe o83t
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Fig. 1. Deformed shape of the default stent (top: stepl,
bottom: step2)
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Fig. 2. Description of design factors for analysis

Table 1. Selected factors and levels

Level
Factor
1 2 (Default) 3
Thickness A 0.063mm 0.07mm 0.077mm
Width B 3.515mm 3.7mm 3.885mm
Angle C 24.21° 26.9° 29.59°
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Table 2. Orthogonal array table for analysis
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Table 3. Response results by using Taguchi method
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Fig. 3. Main effect plots for radial recoil
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Fig. 4. Main effect plots for radial recoil signal to noise
ratios

Table 4. Response table for radial recoil signal to noise

ratios
Factor A B C Total
Levell -18.77 -18.18 -18.26 -55.21
Level2 -18.28 -18.28 -18.39 -54.95
Level3 -18.12 -18.71 -18.52 -55.35
Delta 0.65 0.52 0.26 -
SS 0.229 0.159 0.034 0.422
Contribution rate 53.39% 37.6% 8.01% 100%
Rank 1 2 3 -
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Fig. 5. Main effect plots for longitudinal recoil
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Fig. 6. Main effect plots for longitudinal recoil signal
to noise ratios

Table 5. Response table for longitudinal recoil signal
to noise ratios

Factor A B C Total

Levell 8.703 11.357 11.954 32.014

Level2 10.797 11.304 11.214 33315

Level3 13.941 10.781 10.273 34.995
Delta 5238 0.576 1.681 -

SS 13.902 0.203 1.420 15.524

Contribution rate 89.55% 1.31% 9.14% 100%
Rank 1 3 2 -

U, Magnitude
+3.600e-01
+3.300e-01

Fig. 7. Deformed shape of optimized stent (top : stepl,
bottom : step2)
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