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New displacement-based superelement for poroelastic materials.
Derivation and convergence study.
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ABSTRACT

Poroelastic materials are widely used in vibroacoustic applications such as sound absorption and trans-
mission. Designing appropriate sound packages involves numerous numerical studies at early stages.
Poroelastic materials are then modelled using the biphasictheory developed by Biot [1]. The approx-
imation of the 3D-harmonic poroelasticity problem, using the finite element method (FEM), yields to
complex and frequency-dependent matrices. Moreover, the number of degrees of freedom (dofs) per
node is at least4 using the (us

, p) formulation [2], whereas the use of (u
s
,U

f ) as kinematic unknowns
leads to6 dofs per node. These drawbacks still prevent intensive optimisation procedures from being
performed.

The superelement derived in this contribution expresses the admissible search space for fluid and solid
displacements as the direct summation of so-called hybrid dynamic modes and static fluid functions.
The frequency-dependent eigenproblem is solved, without simplification, using the Non-Linear Arnoldi
(NLA) algorithm [3]. At junction interfaces, hybrid boundary conditions are applied. The solid phase
remains free while the fluid phase is fixed. This non-physicallinear constraints are applied as Dirich-
let conditions using the (us

,U
f ) formulation. Resulting eigenmodes are orthogonalised toform the

dynamic basis. Finally, static fluid functions are calculated thanks to classical Guyan condensation.

The convergence properties of this superelement are compared to those of more classical Craig &
Bampton [4] and MacNeal superelements [5]. A 1D test case is considered. A 12-centimetre length felt
sample is subjected to an harmonic imposed pressure or prescribed displacement. The residual error
between direct (considered as reference) and reduced calculations is estimated in a least mean square
sense. At a forcing frequency of2 000 Hertz, using the hybrid superelement, only11 dynamic modes
are needed to have an error less than1 percent for both phases displacements. The figure (1) shows,
for all three kinds of superelement, the remaining errors between direct and reduced calculations when
one of the eleven dynamic modes is not retained in the projection matrix. The fluid and solid phases
convergence rates are the same when using the hybrid superelement (H-Basis), which is not the case
when using Craig & Bampton (CB-Basis) or MacNeal (MN-Basis) one. For these two last projection
basis, opposite evolution of fluid and solid errors is observed around the fifth mode. The use of hybrid



boundary conditions at the junction interface allows to have relevant information for both fluid and
solid displacements in each calculated eigenmode. The dynamic basis of the superelement can then be
derived using a simple criterion for mode selection, such ascut-off high frequency. Finally, a 3D test
case is considered. The reduction procedure is proved to be efficient and more straightforward to use
than classical component mode synthesis techniques.
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Figure 1

Error evolution versus non-retained modes at frequency2 000 Hertz for imposed displacement (left) and
pressure (right).◦ and• stand forH-Basis solid and fluid errors.⊲ and◮ stand forCB-Basis solid and fluid

errors.� and� stand forMN-Basis solid and fluid errors.
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