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Technical background

Aerodynamically exposed lightweight structures in aircraft are prone to several detrimental
dynamic and aeroelastic phenomena linked to flow induced excitation and self-excited
vibration. These phenomena can severely impact the fatigue life of lightweight structural
components such as panels used to provide aecrodynamic enclosures [1], [2].

Viscoelastic damping treatments have been extensively investigated as a solution that can be
seamlessly integrated with panel-like structure to circumvent such challenges. Their
developments over the past decades have led to several highly efficient treatments
configurations which include advanced spatially optimised distributions for weight
minimisation [3] and dedicated sandwich layouts for increasing damping effectiveness [4].
However, their elevated complexity and the impact on the structure’s stiffness and inertial
properties can result in highly altered aeroelastic modal characteristics in flow-exposed panels.

The altered modal characteristics can significantly panel flutter instabilities, particularly ones
arising due to inter-modal coupling [2]. This includes non-intuitive behaviour reported in
panels treated with viscoelastic materials where reduced flutter onset speeds have been reported
when damping treatments are introduced [2], [5].

Hence, a crucial part of the design of advanced viscoelastic damping treatments is the
understanding of secondary impacts on the instability margins posed by damping treatments
optimised for nominal flight conditions (i.e. at lower speeds).

Main objectives

This research aims to develop a comparative aeroelastic stability analysis between a
benchmark panel and a counterpart incorporating advanced viscoelastic damping treatments. A
lightweight sandwich panel with the features shown in Figure I is used as the benchmark for
this study, aiming to represent applications involving aerodynamic fairings in aircraft.
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Figure 1 Lightweight sandwich panel used as an aerodynamic fairing.

The damping treated counterpart used in this study, as shown in Figure 2, leverages on the
following features:



e ‘stand-off layers’ [4], to amplify shear in viscoelastic layers and as a light-weight filler
of the cross-sectional envelope.

e non-uniform spatial distributions of the damping treatment to effectively leverage on
modal shear activity, e.g. [3].
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Figure 2 Illustration of the treated panel.

The treatment is introduced by replacing the nominal honeycomb core of the benchmark panel
with the new cross-sectional material profiles which include the viscoelastic material.

The treated specimen will be established through a combination of parametric analysis (to
determine the thicknesses of viscoelastic layers and constraining layers) and evolutionary
optimisation algorithms (for the planar treatment areas). The optimisation tasks will be
implemented for the objective of maximising wind-off modal damping levels of selected modes
with minimal weight penalties. Then, the central analysis of this paper compares the aeroelastic
stability characteristics of a damping treatment panel against the benchmark.

Research methods

A bespoke finite element formulation based on an extension to the widely known MITC4 [6]
formulation is used to model the sandwich panel problem. The formulation applies first order
shear deformation theory through each sandwich layer of the panel, with the nodal degrees of
freedom describing the layer-wise shear rotations (6y(1), 0y (1), -..) and the translations (u, v, w
) as shown in Figure 3(a).

Analysis will be performed in frequency domain, with the viscoelastic behaviour of the
materials is each layer captured through their complex moduli [7]. This includes the
viscoelastic behaviour of the materials in the benchmark structure, particularly of the composite
plies, quantified by the materials’ specific damping capacities as seen in [8]. This representation
allows the orthotropic dissipation features to be represented.

Figure 3 (b) illustrates the wind-off modal characteristics of the benchmark panel computed
using the above-described framework, showcasing the low inherent damping levels.



To support the central aeroelastic analysis, a frequency-domain implementation of a linearised
potential flow aerodynamic model, as seen [9], will coupled with the structural formulation to
perform flutter analysis across low-supersonic speeds.
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Figure 3 Structural model and characteristic of the benchmark panel.
Scope of final paper
The paper will cover the following aspects of this research:

e Implemented structural model of the baseline and the damping-treated panels.

e Parametric studies to inform efficient damping treatment configurations (materials,
sandwich layups) and the optimisation of their spatial distributions to enhance modal
damping levels under wind-off conditions.

e Comparative aeroelastic stability analysis between the benchmark and damping-treated
specimen, based on numerical aeroelastic modal characteristics.

The outcomes form the above are intended at informing subsequent work on targeted design
and optimisation of damping treatments for lightweight aircraft structures.
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