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Stress Analysis by FEM of a Central Opening
Bileaflet Prosthetic Heart Valve
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Abstract

In this paper we described a stress analysis of our new mechanical valve. Using
finite element method (FEM), an aluminum alloy (JIS A 7075-T 6) leaflet and a stainless
steel (JIS SUS 430 F) leaflet stopper are estimated by the von Mises stress contours and
the deformations at the static analysis.

Three dimensional solid elements are utilized to obtain simulated leaflet models,
which have 0%, 9%, 11%, 139% curvatures, and a simulated leaflet stopper model. For
parametric studies, leaflet constraint conditions and leaflet curvatures are used on the
supposition of the closed valve.

An optimum leaflet support (using 9% curvature leaflet model) and an optimum
leaflet curvature Chaving constraint around axis) are evaluated and the stress analysis of
leaflet stopper are studied.

From the results of the leaflet stress analysis, it is shown the lowest stress on the
leaflet to constraint of all leaflet edges or have 99 and 119% leaflet curvature. From the
result of the leaflet stopper analysis, there is no significant stress problem at the static
stress analysis.
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Photo. 1 Prototype of central opening prosthetic
heart valve. Fig. 1  Definition of valve leaflet curva-
ture.
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Leaflet
Condition (1)
Condition {2)
Condition (3)
Condition (4)

Condition 1: Constraint around axis

Condition 2: Constraint around axis and leading edge
Condition 3: Constraint around axis and trailing edge
Condition 4: Constraint of all edge

Condition (1): valve leaflet curvature 0 %
Condition (2): valve leaflet curvature 9 %
Condition (3): Valve leaflet curvature 11 &
Condition (4): Valve leaflet curvature 13 %

Fig. 2 Conditions of stress and displacement analysis to the leaflet.
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(a) Front side of leaflet
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(b) Back side of leaflet

Photo. 2 Comparison of von-mises stress contours of the leaflet to the constraint conditions under
a static pressure.
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Photo. 3 Comparison of displacement of the leaflet to the constrain conditions under a static
pressure.
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STRESS CONTOURS

Condition {2}

Condition {2

Photo. 4 Comparison of von-mises stress contours of the leaflet to the valve curvature under a
static pressure.

«

N

Displacement (um)
w

Vg =
R E A NN
5
o L
= \\
Condition (1) Cosditim (2) Cosditim (3) Condition (4)
(a) Front side of leaflet (b) Back side of leaflet

Photo. 5 Comparison of displacement of the leaflet to the constrain conditions under a static
pressure.
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(a) Von-mises stress contour of leaflet stopper

(b) Superimposed deformation of leaflet stopper

Photo. 6 Von-mises stress contour and deformation of leaflet stopper
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