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Composite honeycomb sandwich structures have been favoured in the aircraft industry
for many years due to their low-weight, high stiffness, and improved fatigue resistance.
The response of doubly curved, composite honeycomb sandwich panels to high inten-
sity, random pressure loads has received little attention, and there is a need to update
current design guides to include this type of structure.

A set of four doubly curved honeycomb sandwich panels were manufactured at
the University of Southampton. The panels were tested to determine some of the
resonance frequencies of vibration, and the results were used to validate the Finite
Element models of the four panels. These FE models were used to study the effects
of various design parameters on the free vibration response, and the work resulted in
various sensitivity parameters which could potentially be used as a guide for designers.

The major part of the work involved testing the panels in a Progressive Wave Tube
(PWT) facility with random acoustic excitation at grazing incidence to the concave
panel surface. The measured strain response of the panels was predominately in the
fundamental bending mode, with face plate strain levels which differed between the
inner and outer face plates, highlighting the significant effect that double curvature
can have on the relative strain levels in the face plates.

A new method was developed for estimating the shear strain in the core of the
sandwich panels using a finite difference approximation. The technique was validated
using a cantilevered sandwich beam, giving excellent agreement between experiment
and theory for both static and dynamic response. The work resulted in a new viable
technique which has potential for use in generating S/N data for the core during
random fatigue testing of sandwich coupon structures.

Three methods were used to predict the response of the panels to random acous-
tic excitation. A combination of the single-degree-of-freedom approach and the FE
method with an estimate of the joint acceptance gave excellent agreement with the
measured RMS strains. Blevin’s method resulted in an overestimate, and the classical
Mile’s approach resulted in a gross under-estimation. Finally, a novel travelling wave
approach was used in the FE analysis, giving good agreement with the measured RMS
strains and power spectral density, particularly for the fundamental mode.
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Nomenclature

a a constant
length (m)
A semi-empirical constant
area (m?)
b a constant
breadth (m)
B a constant
bandwidth (Hz)
c core thickness (m)
wavespeed (m/s?)
Cy viscous damping coefficient
C arbitrary constant
d depth, thickness (m)
dB decibels
D flexural rigidity of a beam (Nm?)
e exponent
E estimated value
Young’s Modulus of Elasticity (N/m?)
f frequency (H z)
face plate thickness (m)
F, generalised force
Gz single-sided spectral density
shear modulus (N/m?)
H frequency response function
i complex number /—1
index value
j index value
JIn joint acceptance
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Chapter 1

Introduction

1.1 The general problem

The dynamic response of aircraft structures to random pressure loading from aerody-
namic and engine acoustic sources can lead to acoustic fatigue failures [1, 2, 3, 4, 5, 6, 7|
and it is the understanding of these acoustic sources, coupled with the development
of structural response prediction models, which will enable the engineer to design
against acoustic fatigue. Since the introduction of the gas turbine engine, and its
development from the early turbojet to the modern high bypass turbofans of today,
the acoustic fatigue of aircraft structures has remained an important design issue.
Much work has been carried out over the years in an attempt to predict the stresses
that could be encountered in service due to the random acoustic loading produced
by the gas turbine engine [8, 9, 10, 11]. However, with the introduction of advanced
composite materials, a new set of issues have had to be addressed which concern the
very different fatigue characteristics of this new type of structure [4]. One particular
type of composite structure, the honeycomb sandwich panel, has a very high stiffness
to weight ratio, and has found favour in the aircraft industry over the years. Panels
employing a mixture of carbon fibre reinforced plastics and resin impregnated paper
honeycomb can be found in applications such as fairings and floor panels, ailerons,
helicopter rotor blades, and engine intake barrel panels. The latter type of structure,
shown in figure 1.1, has a complicated geometry due to the shape of the engine intake,
and as such can be considered to be doubly curved. The dynamic response of sand-
wich structures to acoustic excitation has previously been investigated [13, 14, 15, 16],
but only for flat and singly curved geometries. In addition, the engine intake barrel
panel represents a different type of problem to those previously investigated due to
the particular nature of the acoustic excitation [16]. The fan of a high bypass engine
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