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Finite Element Analysis of Stent Expansion
Considering Stent-Balloon Interaction
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Abstract

Stents are frequently used throughout the human body, but the most critical areas are in coronary
arteries. They open pathways in vessels and supply blood directly to the heart muscle. To simulate
behavior of expansion for the coronary stent by balloon, the commercial finite element code LS-DYNA
and ANSYS were used in the analysis. The explicit method is used to analyze the expansion of the
stent and the implicit method is performed to simulate the springback that developed in a stent after
the balloon pressure has been removed. Finally the experimental results for the expansion of the PS153
stents were compared with the FEM results. The springback was measured with the stents subjected to
no external pressure to which stents are subjected in vivo. The simulated results were in good
agreement with experimental results. Standard mechanical characteristics such as stress, plastic strains,
and springback can be derived from the numerical results. These data can be used to determine
maximum expansion diameter without fracture and expansion pressure considering elastic recoil.
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Fig. 1 Schematic representation of stent insertion
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ANSYS/LS-DYNA is used to explicitly
solve the stent expansion process
by the balloon

ANSYS/LS-DYNA outputs an ANSYS
results file containing stress, strain, and
displacement history of the stent

A
Boundary conditions are applied to
the stent to restrain rigid body motion
and the balloon is removed

y
ANSYS implicit solver initializes
the stresses, strains and displacements
for the stent

y
ANSYS implicit solver
determines the deformation of the
stent during springback

Fig. 2 Explicit to implicit sequential solution
procedure for stent deployment



158 ©

22 293

A dige 2dda~ Fxe) Fig 33 &
Jdoz slagso] FHo o) thojol2c e
2 A= E2EDEAALY Palmaz-Schatz~H E
% PSIS3EE S A3 PSIS3A®IEE Fig.
3% Zo] TmmzHE F/E 1mm B2 X (Bridge)
2 dZ2% FHZ AAdols 15mm, 27|44
L5mm, ¥7]= 0.07mmo]9 3~4mm 335 o] A}
48 Fig. 45 2dES ¥4 39 39
4 Edz fAAE sty BgxE A
4%t 223t 2dy e oxtd gAage
SHEAZ A ¥4I PEE ALLEY
0.9 A9E 2do gAA Q A(8-node continuum
element, Solid164)2 QA%& FAsFoH, Q2
F< 5760701 AAE £ 10,818700]t) 3

21 T

9] FAE 0.lmmo)x, 2HEQ 7 8HH oA
E Algslgon FAXnde g F= 3007) o}
I 33 & ed07lo)t}
1563
1 BN
I i R (——
X f mj ; | — ]
I I ] ][ ]
! 02 H [ 11 I
Il I ] C i |
w;l T i ; - i
T I =l i ]
Bl JL J( JL
| L | | | 1
' _ ;O —f l || i T ] —||
DL )| ]
T . —r U —r r

SRR
-

Fig. 3 Drawing of the PS153 stent
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Fig. 7 Experimental result of stent expansion
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Table 1 von Mises stress and equivalent plastic
strain for each expanded diameter

Diamemm)_ von Mises | Equivalent

Loading | Unloading stress(MPa) | plastic strain

3.00 2.80 500 0.075

3.33 3.13 521 0.091

3.66 346 541 0.106 i hwen T W e !;Wm.wa‘

. ST BAlloty DYIERACTION

3.90 3.70 557 0.119

Fig. 12 von Mises stress distribution of the
stent unloaded by expansion pressure
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Table 2 Experimental results of elastic recoil
for the PS153 stent

Diameter Length
(mm) (mm) recoil | recoil | ening

Load [Unload| Load [Unload] (%) | (%) (%)

Radial | Long. | Foreshort-

3.000] 2.839 |7.060{ 7.095 | 5.37 | 0.50 4.59

3.330) 3.160 |6.880] 6.920 | 5.11 | 0.58 7.03

3.660( 3.480 (6.790| 6.837 | 4.92 | 0.69 8.24

3.900] 3.720 |6.550| 6.600 | 4.62 | 0.76 11.49
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