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Structural Analysis on the Leaflet Motion Interacted with Blood Flow for
Thickness Minimization Design of a Bileaflet Mechanical Heart Valve

Kwon, Y. J.*, Bang, H. C.** and Kim, C. N ***

ABSTRACT

This paper investigates the structural analysis and design of mechanical heart valve through the
numerical analysis methodology. In a numerical analysis methodology application to the thickness min-
tmization structural desigh of mechanical heart valve, fluid analysis is performed for the blood flow
through a bileaflet mechanical heart valve. Simultaneously the kinetodynamic analysis is carried out to
obtain the appropriate structural condition for the structural analysis. Thereafter the structural static anal-
ysis is also carried out to confirm the thickness minimization structural condition(minimum thickness

shape of leaflet).

Key words : MHV(Mechanical Heart Valve), Numerical analysis, Fluid analysis, Blood flow, Kine-
todynamic analysis, Structural analysis, Minimum thickness design
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Fig. 1. Model of mechanical heart valve (St Jude Medical).
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Fig. 3. Transient variation in the open angle of leaflet.
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Fig. 8. Kinematic diagram of mechanical heart valve.
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Tabel 1. F. E. model data for mechanical heart vaive

Paramcters Data Units
No of nodes 71,469 None
No of element 62,400 None

, E 30.5E09 N/m*
e v o e
properties 0 2116 Kg/m'
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Table 2. Structural analysis results for various external fluid pressures and thicknesses

. Y KP) 05 44.05 64.05 84.05 104.05
7 (mm)
0.5 Max. def. (mm) 0.00437 0.00801 0.0116 0.0153 0.0189
’ von-Mises Stress (MPa) 8.385 15.36 22.33 29.30 36.28
0.55 Max, def. (mm) 0.00332 0.00609 0.00885 0.0116 0.0144
’ von-Mises Stress (MPa) 6.761 12.38 18.00 2362 29.25
06 Max. def. (mm) 0.00259 0.00475 0.00691 0.00907 00112
' von-Mises Stress (MPa) 5.826 10.67 15.52 20.36 25.21
065 Max. def. (mm) 0.080207 0.00379 0.00551 0.00724 0.00896
' von-Mises Stress (MPa) 5.149 9.431 13.71 17.99 2228
07 Max. def. {mm) 0.00168 0.00308 0.00448 0.00588 0.00728
’ von-Mises Stress {MPa) 4,321 7915 11.51 15.1 18.7
0.75 Max. def. (mm) 0.00139 0.00255 0.0037 0.00486 0.00601
) von-Mises Stress (MPa) 4,157 7.615 11.07 14.53 17.99
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Fig. 17. Structural analysis results for various leaflet thick-
nesses (i=thickness).
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