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Finite Element Analysis of the Monoleaflet Polymer Valve
to Minimize Stress and Displacement

G.J. Han*, S.C. Ann*, S.H. Kim**, J.W. Shin***

A monoleaflet polymer artificial heart valve which showed the remarkable improvement in pressure
drop compared with other types of artificial valve was designed to minimize the deflection in vertical
direction and the displacement of the valve tip in horizontal direction obtained by using finite element
method as the location of the supporting members of the valve frame changed. Stress distribution
change was also studied on each model generated by changing the distance between the frame and sup-
porting members. It was found that by using the valve tip horizontal displacement the minimum valve
thickness could be obtained in order to prevent the gap between the valve tip and the frame wall.
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Table 1. Dimensions of a, b, ¢ in each model

1. .2z 3 4 5 & 1 B8
a(mm) 47 5.0 53 55 57 60 63 62
b(mm) 6.6 6.0 54 50 46 40 34 47
c(mm) 47 50 53 55 57 60 63 51
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Fig. 2. Finite element mesh of heart valve divided in

three regions
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Fig. 3. Deformed shape of heart valve in each model
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Fig. 4. Maximum vertical displacement in each model
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Fig. 5. Maximum vertical displacement in three regions vs

width of each model
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Fig. 6. Horizontal displacement of valve tip in each model

et Bo| 3 #9I(DY)
each model and horizontal displacement of valve tip

1 2 3 4 5 6 7 8
1494
UZ o (mm) 0.063 0.080 0.100 0.115 0.134 0.164 0.198 0.186
299
UZ,,.(mm) 0.640 0.449 0.298 0.224 0.162 0.093 0.047 0.176
3544
UZ s (mm) 0.138 0.174 0.214 0.246 0.283 0.342 0.407 0.186
DY (mm) 0.163 0.100 0.068 0.058 0.056 0.064 0.083 0.047
E 3 2 ZHollM2| HTH 3 Ginue O (dyne/mm?)
Table 3. 0inuy O (dyne/mm*) in each model
1 2 3 4 5 6 7 8
Ol max 6826 8251 9593 10738 11810 13549 15189 14785
Oemax 8896 7475 8310 9302 10229 11736 13168 12818
T 4. Element$, nodes, ERPC( %)
Table 4. Element number, node number, .ERPC( %)
1 2 3 4 5 8 7 8
elem 559 540 554 541 547 544 527 543
node 617 601 616 601 611 605 594 609
ERPC 4.676 4.869 5.159 5.369 5.455 5.598 5.671 6.205
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