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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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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

SuUBaW |0 UBAW

" ol BX
o< T
= o)
O:E%E ./
WWW%
(Y o
o X
Mo o’
= JJ
P T ¥
NE r
do W 0
m =
o A
.
I L.
jof EH X
S -
o O
o .
- -
S = B L
PR
wwﬁo?.wb s = =
Ea® K
Y o X W
S
E X
T | || =S| A |n| O D
= T | O | |V 0|0 || O | —
TE|Qeedle|ald] =z
WE|lo|s |||
S &
a
m
S _|jlalt|lvw|lal—|a|—~||a
Zg|2|E|18|8|5|5 2|53
.‘m(888788878
&
O ||| |en| =] | —]|en
M [~ |~ |en|—=||e
A111222333
— N |en | || O |00 |

A1) w3

}aL S/NH] 9

S

A% ol

Wk A

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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