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Table 1. The shape variable for factors and levels.

Level 1 (mm) Level 2 (mm) Level 3 (mm)

T (thickness) 0.08 0.14 0.2
W (unit area) 0.08 0.1 0.12
L (length) 0.33 0.5 0.7

Table 2. Lo3® cross arrangement.

T (mm) W (mm) L (mm)
1 0.08 0.08 0.33
2 0.08 01 05
3 0.08 012 0.7
4 0.14 0.08 05
5 0.14 01 0.7
6 0.14 012 0.33
7 0.2 0.08 0.7
8 0.2 01 0.33
9 0.2 012 05

Fig. 1. Solidworks modeling.
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Table 3. Response surface analysis plan.
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Table 5. Taguchi factor analysis.

StdOrder RunOrder Blocks T (mm) W (mm)
7 1 1 0.140 0.072
9 2 1 0.140 0.100
5 3 1 0.055 0.100
6 4 1 0.225 0.100
4 5 1 0.200 0.120
3 6 1 0.080 0.120
11 7 1 0.140 0.100
13 8 1 0.140 0.100
2 9 1 0.200 0.080
12 10 1 0.140 0.100
8 11 1 0.140 0.128
1 12 1 0.080 0.080
10 13 1 0.140 0.100
Table 4. Nitinol property.
. Young’s modulus, Poisson’s Yielding
Material (E) Gpa Ratio (v) stress MPa
Nitinol 28 0.30 100

Total
T W L length D(‘it;)b (EEén RD (m)
(mm)
1 008 008 033 501 0001894 110 0.004463
2 008 01 05 530 0001497 166  0.00352
3008 012 07 564 0001151 259 0.003169
4 014 008 05 526 0001023 237 000161
5 014 01 07 560 0000833 351 0001405
6 014 012 033 508 0000468 467 0001238
7 02 008 07 556 0000797 3.60 0.001074
8 02 01 033 505 0000431 497 0.000814
9 02 012 05 534 0000321 7.89 0.000711
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Fig. 2. Main effect plot for EL

RD (m)
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Fig. 4. Surface plot of EL
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3. Main effect plot for RD.
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Fig. 5. Surface plot of RD.

Table 6. Optimal design shape.

EI (E-07)

RD (m)

Zilver
SMART
MIT3

6.930
5.090
3.870

0.00133
0.00129
0.00120

*MIT3: # 2 AA=
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T W

New  Hi 0.2249 0.1283

D Cur [0.170] [0.090]
0.99825 Lo 0.0551 0.0717

El

Minimum

y=3.1649 K ____________________
d=1.0000 7

RD
Targ: 0.0008

y=0.0008
d=0.99650

Fig. 6. Determination of optimal results for important factors.
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Fig. 7. Picture of the stent manu-

factured from designing and resear-
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Fig. 8. MIT3 Stent of basic structure.

Table 7. Nitinol (Nickel Titanium Alloy).

Young's ., Yielding Ultimate
. Poisson’s .
Material  modulus Ratio (v) stress tensile
(E) G (0y) Mpa  stress (0y)
Nitinol 28 0.30 100 1300
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Deduction and Verification of Optimal Factors for Stent Structure and
Mechanical Reaction Using Finite Element Analysis

Dong-Min Jeon*T, Won-Gyun Jung*T, Han-Ki Kimf, Sang-Ho Kimf,
Il Gyun Shin”, Hong-Seok Jang§, Tae-Suk Suh*'

*Department of Biomedical Engineering, College of Medicine,
TResearch Institute of Biomedical Engineering, The Catholic University of Korea,
TInstitute of Interventional Medicine, M. |. Tech Co., Lnc,
§Departmen’[ of Radiation Oncology, Seoul St. Mary's Hospital, The Catholic University of Korea, Seoul, Korea

Recently, along with technology development of endoscopic equipment, a stent has been developed for the
convenience of operation, shortening of recovery times, and reduction of patient's pain. To this end, optimal
factors are simulated for the stent structure and mechanical reaction and verified using finite element analysis.
In order to compare to present commercialized product such as Zilver (Cook, Bloomington, Indiana, USA) and
S.M.A.R.T (Cordis, Bridgewater Towsnhip, New Jersey, USA), mechanical impact factors were determined
through Taguchi factor analysis, and flexibility and expandability of all the products including ours were tested
using finite element analysis. Also, important factors were sought that fulfill the optimal condition using central
composition method of response surface analysis, and optimal design were carried out based on the important
factors. From the centra composition method of Response surface analysis, it is found that importat factors
for flexibility is stent thickness (T) and unit area (W) and those for expandability is stent thickness (T). In results,
important factors for optimum condition are 0.17 mm for stent thickness (T) and 0.09 mm? for unit area (W).
Determined and verified by finite element analysis in out research institute, a stent was manufactured and tested
with the results of better flexibility and expandability in optimal condition compared to other products. Recently,
As Finite element analysis stent mechanical property assessment for research much proceed. But time and reduce
expenses research rarely stent of optimum coditions. In this research, Important factor as mechanical impact
factor stent Taguchi factor analysis arrangement to find flexibility with expansibility as Finite element analysis.
Also, Using to Center composition method of Response surface method appropriate optimized condition
searching for important factor, these considering had design optimized. Production stent time and reduce
expenses was able to do the more coincide with optimum conditions. These kind of things as application plan
industry of stent development period of time and reduce expenses etc. be of help to many economic
development.

Key Words: Stent, Central composite design, Finite element analysis, Major factor
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