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There is extensive research to demonstrate that textile fibre reinforced composites can produce
high strength and stiffness at a low weight allowing them to become excellent candidates for
applications requiring improved strength and lighter structures compared to their metallic
counterparts. Despite these impressive properties, textile composites are susceptible to damage that
prevails from matrix cracking, delamination and finally damage to their reinforcing preforms. The
initiation and the progression of damage mechanism, within textile composites, is a complex
phenomenon that is very difficult to predict; due to this, great effort is currently being made towards
incorporating multiphysical parameter sensing capabilities into textile preforms. In this regard, the
electroconductive sensing yarns produced through the coating with recently discovered two-
dimensional (2D) nanomaterials have emerged as a promising way to monitor the health and
integrity of various engineering materials including composites for healthcare, sportswear, space and
military applications. Among these sensor properties imparting coating materials, graphene has
become one of the most investigated materials in recent times. The research presented discusses some
of the recent achievements in producing graphene-coated sensing fibres for incorporation into textile
preforms.

As early as 1998, researchers have been developing sensing devices to monitor various physical
signals for healthcare, military and space exploration [1]. The sharp growth of textile-based sensor
technology can be generally attributed to the advances mentioned below:

(1) Micro/nano electronic devices that integrate into fibre, yarn and fabrics, converting the textile
materials into advanced electronics capable of sensing and information transmission without
compromising the comfort of the wearer [2]. Likewise, smaller and flexible power sources for E-textile
applications have emerged while energy-harvesting power electronics are already under
development by companies [3].

(2) Conductive threads and yarns, usually composed of stainless steel, carbon yarn or conductive
silver, with a nylon core, have become widely available [4]. The properties of such threads and their
applications in sensing and signal transmission lines for E-textile applications have been
documented, facilitating their selection and implementation in products where textile structures are
used.

(3) Textile-based components including capacitors, resistors and transistors have been devised,
allowing the full integration of simple circuits/networks onto fibre-based structures.
Piezoelectric/piezo-resistive textiles have also emerged, promoting the development of a full range
of yarn- and fabric-based sensors [5]. At the present time much work is underway to integrate fibre
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yarn and fabric-based sensors into various materials including their integration in textile preforms
for composites.

The popularity of fibre-reinforced composite structures in engineering fields is due to their light
weight as well as high strength and stiffness [6-9]. However, sometimes during their use, composite
structures made of resin matrix and a textile reinforcing preform experience matrix cracking; this is
a failure mechanism that can lead to delamination between the fibres and the resin resulting in the
failure of the composite itself. In order to avoid resin matrix delamination and fibre breakages in
composites, continuous long-duration monitoring is essential. In this case, the availability of
electroconductive textile material together with the advanced textile preform manufacturing
technologies available have become very good facilitators for integrating sensory capability into
fibre-based laminated composites. These technologies allow us to develop composites with long-term
continuous monitoring of composite material, panels or products ensuring a high level of safety to
the application [10]. The concept of creating a conductive matrix is also investigated by using other
fillers such as graphene, carbon black, carbon nanoparticle as well as metallic nanoparticles [11-14].
Several other approaches are also used as resistive sensors which include electro-conductive yarn, as
well as coated and thin-film-based sensors [15-19].

Considering textile preforms used in laminated composites, as mentioned above, there are
usually two methods to introduce sensors: using micro/nano electronic devices in the preform
structure individually or in a network, or through the use of electroconductive material coated
fibres/yarn as single sensory devices or in a textile structure to form a sensor network. Both methods
have their own advantages and disadvantages limiting their usage in different applications. This is
mainly due to conditions such as electrical components that can act as a foreign entity within a resin
matrix which could significantly affect the mechanical properties of the reinforced structure [20-22].
In the production of coated electroconductive sensory or transmission yarn, the particle size,
viscosity, surface tension and concentration of the electroconductive material used, uniformity of the
coated film as well as the electroconductivity and mechanical performance of the conductive material
are of high importance [23].

In constructing textile sensors in composites, the use of metallic/non-metallic fibres is popular
due to their high standard of manufacture reliability as electroconductive textile products [24].
Among the available metallic/non-metallic electroconductive yarn is copper, stainless steel, carbon
fibre and silver, although highly expensive, due to the low electrical resistance shown; silver-coated
polymeric yarn has a wider range of applications [25]. Continuous filament carbon fibres are
generally of very high resistance and do not present enough signal magnification in textile sensors
constructed in preforms.

With the recent discovery of 2D and 3D materials in the field of materials, electroconductive
materials with very high conductivity were reported. Among these, graphene is a two-dimensional
atomic sheet of sp>-hybridized carbon atoms that displays outstanding physical properties including
high carrier mobility up to 350,000 cm?/(V s), high optical transparency up to 97.7% for single-layer
graphene, high mechanical strength with Young’s modulus of 1 TPa and fracture strength of 130 GPa,
and thermal stability [26]; it was reported as one of the materials with the capability to be very
effective in the E-textiles field. This research investigates the relative sensory performance of silver-
coated polymeric yarn, carbon fibre yarn, stainless steel yarn and graphene-coated yarn as a sensor
material. In addition, in order to find out the electroconductivity of sensor yarn post resin infusion,
an experiment was carried out by infusing a glass fibre preform, integrated with silver- and
graphene-coated yarn, with Ecoflex resin.

The sensor yarn was integrated in the textile preform as a laid-in yarn. This research further
investigates the performance of the sensor yarn inside the composite due to the penetration of resin
in between the electroconductive fibres and knitted structure binding areas.

As revealed, the filaments of stainless steel (SS) yarn and carbon yarn demonstrate a higher
degree of compactness as compared to coated yarn, namely silver-coated polymeric yarn and
graphene-coated cotton yarn. Although the continuous filament SS yarn and carbon fibre yarn show
similarities in appearance, the SS yarn is more robust while the carbon yarn is susceptible to fibre
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breakages. The preliminary investigation into developing rigid sensing preforms suggests that the
laid-in sensor designs were suitable for the applications requiring a lower degree of flexibility.
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