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Abstract: Acoustic Emission (AE) is a sensitive technique which can be used to characterise
damage in high strength composite plate. This paper describes an extension to an earlier piece of
research work carried out by the ERC which resulted in the successful development of a novel
source location methodology for the said material. The previous work concentrated on the source
location in plate-like composite structures using acoustic emission. The work presented in this paper
focuses on establishing the correlation between the different damage types suffered in the material
namely de-lamination, matrix cracking, fibre rupture and stringer to skin debonding with key signal
features of the AE activities. Controlled bending tests were initially carried out on laterally grooved
slender composite specimens to progressively propagate damage in the weakened region of these
specimens. The composite laminate plate itself is made from 16 plies of carbon fibre twill weaved
in an epoxy matrix with bidirectional fibre alignments in the 0° and 90° directions with 60/40 fibre-
matrix volume composition. These prepared samples were fully instrumented with broad band (100
kHz to 1MHz) Physical Acoustic AE sensors linked to the necessary signal conditioning hardware.
The AE events were recorded using a high speed DAQ card accessed by customised software
written in LabVIEW ™. Gathered raw data were analysed off-line for key signal features including
energy and frequency contents and subsequently correlated to actual damage types. It can be
concluded from the empirical evidence that feature vectors are distinct to the type of damage.
Results gathered from additional test on the progressive skin-stringer debonding of the same
material to failure confirmed the uniqueness of the AE feature trends. An integrated system which is
capable of both in-situ location of compromised sites and the diagnostic of flaw types in composite
plate can potentially find engineering applications including the structural health monitoring of
composite aircraft parts.

1. Introduction

Carbon-fibre reinforced plastic (CFRP) composites have been widely used in many aircraft
structures due to their high specific strength, resistance to fatigue, corrosion and flexibility in
design. The application of CFRP composites is demonstrated in aircrafts, automotive industry and
wind turbines [1-3]. The aim of this project is to assess different failure modes in carbon fibre
composite materials using acoustic emission technique. Acoustic emission (AE) is a phenomenon
where high frequency stress waves are generated by rapid release of energy within a material by
sources such as crack initiation or growth. It has been demonstrated that AE can be used as a
structural health monitoring tool in different applications [4-6, 14]. The ERC had utilised AE based
technique as a source location method in composite plates [13].
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