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Study on Coupled Structural-Acoustic Analysis for Spacecraft

by
Takashi Takahashi, Keiichi Murakami, Takashi Aoyama, and Hideaki Aiso (JAXA)

ABSTRACT

This paper focuses on numerical prediction approaches for steady-state coupled interior vibro-acoustic problems, especially for spacecraft
structural vibrations by acoustic loads with the wide frequency range acted during the liftoff. Lightweight and large area structures, such as
solar arrays and antenna dishes, and some components with relatively high natural frequencies are sensitive to acoustic loads. Numerical
prediction of vibro-acoustic responses enables us to partially cover the ground acoustic tests, and is therefore quite important to design and
develop reliable spacecraft. For spacecraft vibro-acoustic simulations, there are deterministic prediction techniques such as finite element
method (FEM) and boundary element method (BEM) applicable in the low frequency range, and statistical ones such as statistical energy
analysis (SEA) in the high frequency range. However, there generally exists mid-frequency range where no mature numerical methods are
applicable. In this paper, a novel deterministic prediction method called the wave based method (WBM) is applied to obtain detailed
responses in vibro-acoustic analysis of spacecraft. Then we consider two simple models, an uncoupled acoustic model with a single cavity,
and a coupled vibro-acoustic model with a spacecraft and a payload fairing. Using a 2-dimensional WBM code developed in this study and
commercial FEM software, these models are solved to compare the results. The results show that FEM is limited to apply in low frequency
range, and WBM is quite practical and has high potential for the vibro-acoustic analysis with the wide frequency range.
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