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Naval ships of a same production batch generally present significant variations in vibro-
acoustic characteristics which affect the performances of the vessels in terms of sound level
and comfort. Therefore the path to robust design goes through the consideration of the
different sources of uncertainty in the model so to predict their impact on the vibration
responses of structures immersed in a fluid.
In a probabilistic context, the computation of the low frequency response requires the
resolution of a system of random equations. In the parametric stochastic framework, the
stochastic spectral methods [1, 2] offer a robust tool for the accurate prediction of the ran-
dom response as a function of the input parameters which are actually random variables.
However this calculation can be unaffordable in an industrial context when the stochastic
dimension is high and a simple deterministic vibro-acoustic calculation is already cum-
bersome in itself. In [3], a model reduction method has been proposed to significantly
reduce the computation cost of Galerkin type spectral approaches for the prediction of
the low frequency response of a dry random structure. The method relies on low rank
approximation [4, 5, 6, 7] and implements the Generalized Spectral Decomposition (GSD)
[8, 9] based on the space-parameters separation of the response for the resolution of the
stochastic problem at a given frequency.
The approach is here extended to vibro-acoustic problems with uncertainty on the parame-
ters of the viscoelastic model of the structure. Different formulations of the fluid-structure
interaction problem are considered [10] and the performance of the low rank approxima-
tion method on these is analyzed. The approach is to be used in an industrial environment
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and this work aims at high-lighting the non-intrusive characteristic of the method by im-
plementing it upon an industrial deterministic code [11]. Numerical examples illustrate
the fact that an accurate low-rank approximation of the Galerkin approximation can be
computed using only a few runs of this deterministic code without strong modification of
this code.
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[7] F. Chinesta, P. Ladevèze, and E. Cueto. A short review in model order reduction
based on proper generalized decomposition. Archives of Computational Methods in
Engineering, 18(4):395–404, 2011.

[8] A. Nouy. A generalized spectral decomposition technique to solve a class of linear
stochastic partial differential equations. Computer Methods in Applied Mechanics
and Engineering, 196(45-48):4521–4537, 2007.

[9] A. Nouy. Generalized spectral decomposition method for solving stochastic finite
element equations: invariant subspace problem and dedicated algorithms. Computer
Methods in Applied Mechanics and Engineering, 197(51-52):4718–4736, 2008.

[10] H.J.P.Morand and R. Ohayon. Fluid Structure Interaction. Wiley, New York, 1995.

[11] Code Aster Open Source - general FEA software, EDF R&D.

2


