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Intensive Abstract

There is a considerable interest towards the achievement of self-healing properties in
composite materials. Traditionally, once damage has been detected within a composite
structure, the approach has been to undertake cosmetic temporary structural repairs, ranging
from simplistic external patches to complex intrusive tapered or stepped scarf repairs with the
aim of restoring some of the material stiffness and strength. However, engineers have started
to design structures that have some form of damage tolerance, which is ability for the structure
to sustain representative weakening defects under representative loading and environment
without suffering reduction in residual strength for a period of aircraft service.

Fibre-reinforced composite materials are widely used, especially in the aerospace industry.
The concept of repair by bleeding of enclosed functional agents serves as the biomimetic
inspiration of synthetic self-repair approaches which are mainly depending on advancement in
polymeric materials. In general, this process is the inspiration for the application of self-
healing fibres within the composite materials.

One of the common techniques for aircraft repair involves removal of the damaged area with
extensive machining operations, followed by replacement, usually with wet prepreg laminate
and bagging. Such repair technique can be effective and may last long on an aircraft skin, but
it is less efficient and time-consuming to carry out and not very environmentally-friendly due
to the nature of composite material, resin and adhesives in disposal. Some successful self-
healing systems have been tested in the past which are usually based on a media contained
within the structure and bleeding into the structure plies as a result of damage. The healing
medium may be stored within the structure by incorporating into either individual particles or
capsules or into a Microvascular system.



By comparing the size of the healing agent containers, capsule-based healing method is most
suitable for composite skin of aircraft. Nano capsules can be placed into the material layers
and no need to use large sized capillary tubes for vascular-healing method which may affect
the material strength and structure weight.
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Figure 1: Capsule-based self-healing concept for composite repair.

This research project has been conducted to test the changes in self-healing properties of
composite materials and ultimately, to apply it for the carbon-fiber structure repair of an
aircraft. This research project is mainly focusing on the aerospace application of self-healing
technology for an environmentally-friendly aircraft composite structure repair. The integrity
loss due to matrix damage in composite materials can be restored using a technique that
distribute a healing medium into the damage region and provide a thermally activated crack
removal mechanism.

This research idea has been driven by concerns in connection with the effects of damage due
to impacts on aircraft structures. This is in particular concern since it can affect strength and
safety of the aircraft without the user being fully aware. The damages that are of greatest
concern in aviation are those that involve both matrix cracking and delamination between
plies/layers.

In this self-healing methodology, the healing agent is Dicyclopentadiene (DCPD). The healing
agent encapsulated by micro-sized bubbles is made of polyurea. In order to polymerise, the
healing agent came into contact with a catalyst known as Grubbs. It is important that the
catalyst and the healing agent remain separated until they are needed to seal a crack. The ratio
of catalyst and microcapsules is 2.5 wt% Grubbs catalyst and 5 wt% microcapsules in a unit of
composite material.

Figure 2 shows only three types of wet-layup carbon-fibre samples (out of four) tested in this
project. Each test sample is in the size of 20mm by 100mm and deliberately has only one
defect in an arbitrary direction of 90° 45° and 0°. The following four samples have been
tested in this research project:



a) sample with no defect,

b) sample with 0° defect,

c) sample with 45° defect, and
d) sample with 90° defect.

Figure 2: Three types of wet-layup carbon-fibre samples in the size of 20mm by 100mm with
three defects in 90°, 45° and 0° directions, respectively.

Several torsional and bending tests have been conducted in this research project. Only the
results of bending tests on four samples are shown in Figure 5. These results indicate that the
composite sample with 0o defect has least bending strength compare to other three samples as
the displacement at the center of this sample was the highest when the same magnitude load

applied to all four samples.

Figure 3 : The torsion test machine with a clamped composite sample.



Figure 4 : The bending test machine with a loaded composite sample
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Figure 5: The results of bending tests on four different samples; with no defect, with 0°
defect, with 45° defect and with 90° defect.
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