


performed under displacement control both on the unexpanded and
expanded configuration: the extremes of the models were rotated of a
fixed angle @ around two axes x and y as sketched in Fig. 1. Results
were expressed in terms of bending moment (M) at the extremes as
function of a curvature index, defined as: y = A / L where Ag is
equal to 2-@and L is the length of the unit. The flexibility was
measured as the inverse of the slope of the M-y curve.

RESULTS

Figure 2 shows the curves M-y for the CV and the SC models in
the unexpanded configuration for a bending around the x and y axes.
From the obtained results it is possible to evince that the CV model
showed a behavior independent from the axis of rotation. On the
contrary, the SC model showed a different behavior according to the
selected rotation axis. This can be explained considering the different
stent geometries. The six links of the CV have two crests and are
connected with the top of the rings, while the five links of the SC
model have only one crest and are connected with the center of the
rings. As a consequence, the CV links exhibit a high capability to
deform independently from the rings and, consequently, from the
rotation axis: the rings remain unstressed (Fig. 3a). On the contrary,
the SC rings and links deform together and hence the stiffness of the
structure depends on the rotation axis: accordingly, stresses interest
also the rings (Fig. 3b). Moreover, in both the rotation cases a self-
contact of a single link takes place at small rotations (about 8°, y =
0.05 rad-mm’"), which causes a discontinuity in the M-y curves and a
strong increment in the slopes. The flexibility in the plastic range was
calculated before the self-contact. Increasing ¢, the curves show a
softening behavior: it is connected to an instability phenomenon due to
the rings which, during their rotation, push inwards the link in contact.
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Figure 2. Moment-curvature index curves for the
unexpanded configurations of CV and SC models.
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Figure 3. Von Mises stresses (y = 0.06 rad-mm'1) for the CV
(a) and SC (b) models in the unexpanded configuration
during the bending around the x axis. Arrows in the
enlargements reverse view indicate the areas of contact.

The M-y curves relative to the expanded configurations showed a
tendency similar to the unexpanded ones, but with a lower flexibility.
The numerical results in terms of flexibility for both the configuration
are reported in Table 1.

Table 1 Flexibility values of the unexpanded and expanded
configuration of the models in the elastic and plastic fields.

Model Rotation Elastic field
Axis flexibility
[rad-N'1-mm'2]

Plastic field
flexibility
[rad-N'1-mm'2]

Unexp. Expan. Unexp. Expan.

cv X 0.052 387  0.0138 0.383
cv y 0.052 445  0.0138  (.383
sC X 0015 075  0.0042 (.161
sc y 0.029 274 00041 (.154

CONCLUSIONS

It has been shown that the balloon influences the stent flexibility
in the unexpanded configuration [7]: the absence of any modeling of
the balloon during the analysis is the main limitation of this work and
further works are in progress. Nevertheless, the proposed methodology
allows to evaluate a comparative index of flexibility both when the
material is elastically deformed (smaller rotation) or plastically
deformed (larger rotation). This index could be used as design
parameter for new generation stents
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