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The recently proposed finite cell method (FCM) combines the inherent advantages of a
fictitious domain approach (automated discretization) with high convergence rates known
from high-order finite element methods (FEM) [1, 2]. To date it has been success-
fully applied to various classes of problems such as the homogenization of cellular or
foamed materials [3], nonlinear problems [4], optimization problems [5] and many more.

(a) Original finite cells (b) Sub-cells, k = 5

Figure 1: Finite cell discretization of the
piezoelectric disc and the sub-cell structure
for the numerical integration of the system
matrices and vectors [2].

(a) p-FEM, nf = 20 (b) SCM, nf = 20

Figure 2: Comparison of the 20th mode
shape calculated employing the p-FEM and
the SCM, respectively. Contour plots of uz

are displayed.

The current paper aims to extend the finite cell method to transient analysis of piezoelec-
tric materials. A special interest is, however, directed to ultrasonic guided wave propa-
gation phenomena. Therefore, accurate simulation results can only be obtained when a
fine spatial and temporal discretization are employed. To develop an efficient and robust
numerical tool we suggest to combine ideas from the FCM and spectral element method
(SEM) [6]. The proposed approach is referred to as the spectral cell method (SCM) [7].
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This method considerably simplifies the mesh generation (pre-processing) by employing a
fictitious domain approach (Cartesian grid) and the displacements are approximated with
the aid of spectral element techniques. The main reason for using the SEM is to take
advantage of explicit time-integration schemes using a diagonal mass matrix that makes it
possible to solve the resulting system of equations fairly inexpensively (only matrix-vector
operations are required) [8]. Therefore, the novelty of the paper at hand lies in extending
the finite and spectral cell framework to electro-mechanically coupled field problems. In
this context the main focus is on modeling transducers made of piezoelectric ceramics, cf.
Fig. 1.
Preliminary results show an excellent agreement between established simulation tools,
such as the p-version of the finite element method or the SEM and the proposed SCM
for smart structure applications, cf. Fig. 2. These findings clearly illustrate that both the
FCM and the SCM can be employed to investigate electro-mechanically coupled field prob-
lems. Consequently, the development of structural health monitoring systems utilizing a
network of surface-mounted piezoelectric transducers for exciting and sensing ultrasonic
waves is facilitated. Therefore, the proposed higher order FE-schemes contribute towards
a holistic numerical design and application of such wave based SHM systems.
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