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THE THREE-COATING AORTIC VALVE
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1. Introduction

The naura aortic valve, which is composd of three ledlets, works unde the highest
presaure in thecirculatory system. In the case of irreversible fail ure, thevalveis replaceal with
proghesis. Thetendency to creae themechanicd valves, whose geometry is based onthered
valves, is observed. These artificial organs are made of polyurethane (PU) and covered by
TiN codings to inarease the biocompdibility. Development of the mathematicd modd of the
TiN/PU/TIN aortic valve, which is conneded with the ealier results obtained in [1] and based
on physicd formulas derived in paper [2], is the objedive of the present work. Andysis of the
sengtivity coefficients [1] cdculated for the control parameters of the valve opening dedded
about the assumptionsintroducel in the new finite element (FE) model. The previouswork
[1] was dedicaed to pure PU aottic valve. Sinceead of theidenticd ledlets of thered aortic
valve has a threecoating structure, extending the andysis to structure is another objedive of
this projed. The new modd satisfies the basic conditions required for the mechanicd
condruction of the aortic valve. Thevalve openingis used to determine the acceptable values
of Youngmodulus and the thicknesses of outer coatings.

2. The FE model of TiN/PU/TIiN aortic valve

Theminimal budling presare is the basic parameter, which deddes aboutthe prope work of
the aortic valve. According to Reul [2], this parameter depends on Youndgs modulus E,
thickness of the ledlet d and aortic radius R. The conclusons of the sensitivity andysis for
thepure PU aortic valve led to the new set of parameters of the modd of the aortic valve (R=
7 mm, d = 0.1 mm and E = 10 MP3 [1], which gives the minimal value of the budling
presaire. In the present work this new congrudion of the valve has been tested for the three
ratios between the thickness of the deposdted outer coding and the thickness of the whole
ledlet (1:100,2:100 and 3:100) A seach for the best value of the Younds modulus of the
outer coating, which provides the minimal budling presaure, was performed for ead ratio.
Thebudling presaure, which is theloading of the ledlet and is a congant input parameter of
the FE modd in the present andysis, was taken 0.77 kPa and cdculated for the pure PU
ledlet with the optimal dimensonsgiven above The displacenent of the TIN/PU/TIN ledlet
readed in its charaderistic point (Fig. 1) is the output parameter of the modd. Therange of
this displacament, which is assumed as prope and optimal, is 80-100%of that displacement
for the pure PU ledlet. This defined range of the displacements is necessary to obtain the
opening of the aortic valve.

3. Resultsand conclusions

The FE modd of threecoaing ledlet of aortic valve is generated in the ADINA FE code and
is composd of 100 000 elements and 40 000 nodes, as it is shown in Fig. 1a The
displacaments in the charaderistic point of the ledlet for the valve opening are shown in Fig.
1bforthe seleded elastic moduli of outer coaing and the geometricd ratio 1:100. Thethicker
isthe outer coaing and the bigge is Younds moduus the smaller is the vave opening.
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Fig.1.a) The FE modd of threecoating ledlet of aortic valve in open and closed postions
(top view), b) The valve opening for the seleded elastic moduli and geometricd ratio 1:100.

Asauming the opening as the output of the FE modd, the senstivity coeficients of this
parameter with resped to the Young’s modulus of outer coating are cdculated and plotted in
Fig. 2a Following these results, further cdculations are dedicaed to the remaining
geometricd ratios (2:100, 3:100) and, espedally to these elastic moddi, which have the
meaningful values of sengtivity coefficients for the geometricd ratio 1:100. The valve
opening for the set of elastic moduli and ratios (1:100, 2100 and 3100)is shown in Hg. 2b.

a) © 11MPa O 55MPa A110MPa 0210MP3 b) 100

+410MPa ¥510MPa #710MPa M 1.1 GPa e
21 € |a 11GPa e 55GPa N
2 A 80 T
2 - ° S \\\
154 % . ;
8 # 60 {2 \
o c Y
1H 2 © 2 \
= N 40 18 \
= o 100 \LK
0542 o =« 2100 L
@ 2019 - 3100 *\..
@ o Young's modulus, MPa \\_‘ e,
0 \ \ \ T : Young's modulus, MPa S
1 10 100 1000 10000 1E5 0 ‘ ‘
1 10 100 1000 10000 1ES5

Fig.2. 8) The senstivity coeficients with resped to Young’s modulusfor geometricd ratio
1:100, b)Thevave opening as function ofthe Younds modulusfor all geometricd ratios.

Suggested approad is used to design the optimal values of elastic parameters and thicknesses
of outer TiN coaing of aortic vave usng commercial FE code The solution fulfill s the
conditionsrequired for the andysed biomedicd part.
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