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Abstract

A deterministic approach based on a modal expansion and modal receptance
method has been developed to evaluate the airborne sound insulation of
aircraft panels with stringer and ring frame attachments. Furthermore,
this method was extended to predict the noise radiation of stiffening panel
subjected to TBL excitation. This approach integrates with the fast and
accurate methods in evaluating the modal excitation terms and modal
radiation efficiency. Based on these advantages, the effects of the curvature,
overpressure, stringers, ring frames, hydrodynamic coincidence, composite
structures and structural dissipation on the acoustical properties of a typical
aircraft panel are able to be investigated efficiently.

Theoretic predictions were compared with laboratory measurements
conducted on both model structures and aircraft panels. It was found
that a small curvature may result in significant deterioration of the sound
transmission loss at frequencies of interest. Unlike a flat uniform panel,
the theoretical prediction for curved panels from the infinite model can not
provide good agreement with the measurement close to and well below the ring
frequency. However, in this frequency range, the finite model has been proved
to be applicable

For the large curved airplane panels studied here, it was found that the
ring frames have little influence on sound transmission loss in the frequency
range of interest. However the stringers may have considerable influence
on sound transmission loss. The stringer improves this for a curved panel
around the ring frequency, but it may result in a potential deterioration
of the sound transmission loss above the ring frequency. In this study it is
evident that the sound transmission loss of the composite skin attached with
composite stringers is lower than that of the metallic panel attached with
metallic stringers.

At frequencies higher than the corresponding ring frequency of the curved
panel, both experiment and theoretical prediction reveal that the overpressure
at the concave side tends to reduce the sound transmission loss at the rate of
about 0.5dB /10000 Pa. While at lower frequencies, say well below the ring
frequency, the overpressure may increase or reduce sound transmission loss of
a finite panel, depending on the shift of the resonant frequencies resulting from
the overpressure.

For TBL excitation, numerical investigation reveals that the panel with
the ring frames behaves more like a sub-panel between two frames. Below
500Hz, the ring frames slightly enhance the sound radiation while dramatically
increasing it around 1.3kHz. The TBL forcing field excites the same vibration
lever for the panel with and without ring frame attachments, but the modes
excited for the panel with ring frames radiate more sound. Unlike the ring
frames, the stringers increase sound radiation below 1kHz. Above 1kHz, the
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sub-panels between two bays respond independently and the stringer effects is
therefore not obvious.
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