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Abstract. Rolling, folding, and stretching a pressure sensor can change the initial geometry during its performance. This
deformation can be nonlinear but is measurable by acoustic methods. For example, the form of a flexible piezoelectric strip
can considerably affect the time of flight (ToF) of an acoustic wave traveling alongside a strip. Different ToFs can describe
the effect of curvature in the flexible strips, which can predict the geometrical shape of the strips performing as a flexible
actuator or sensor.

Introduction

Utilizing flexible piezoelectric pressure sensors has been extensively studied in recent papers. The importance
of their application in blood vessels [1, 2], cardiovascular monitoring [3], and biomedical [4] are discussed in
many types of research. The shape of a flexible piezoelectric sensor can change due to its performance due to
the movement of the parts when they bend, turn, stretch, or roll; thus, the stretchable strips should form and
return their original shape during a periodic performance. The effect of the stretches on the final body of the
strip is not linear but can be practical on the ToF; consequently, how the geometry has been shaped based on
the final measured data is the main idea of this paper. The thickness and depth of the strip are assumed to be
constant; thus, the cross-section area is also constant during a vessel's deformation. This sectional area deforms
like an ellipse where the area does not change during the deformation.
Results and Discussion
The 2D model geometry is created for numerical simulation. The material is Polyvinylidene Fluoride (PVVDF)
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Figure 1. The results show that the effect of the curvature can be measured by ToF

which is anisotropic and has different mechanical characteristics based on the coordinate orientation. The strip

thickness is 0.2 mm, and a 2D geometry in COMSOL is utilized. "Elastic Wave" and "Time Explicit" modules

are chosen for the simulation. For simplicity, we used the source signal as a bulk acoustic wave. Figure 1

displays the method used to measure the ToF in different cross-sectional areas. In different values of the

diameters ("a" in Figure 1), the ToF changes due to the effect of curvature. The trendline is a second-order

polynomial with a correlation factor R2=0.9988. Thus, when the ellipse's minimum diameter grows and gets

closer to a circular shape (a=10 mm), the ToF of the curvature is at the maximum. Thus, the ratio of the ToF

of curvature can identify the magnitude of the load on a circular flexible piezoelectric layer around a vessel.

The same procedure is practical for other shapes and parameters with different anisotropic materials. The effect

of the curvature in ToF can be measured effectively; thus, this idea introduces a new generation of pressure

sensors. The following parts of the paper will discuss the experimental prototypes and their results consistent

with the final numerical data.
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