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a b s t r a c t

The embedding of sensor networks into textile-reinforced thermoplastics enables the design of function-
integrative lightweight components suitable for high volume production. In order to investigate the
mechanical behaviour of such functionalised composites, two types of bus systems are selected as exem-
plary components of sensor networks. These elements are embedded into glass fibre–reinforced polypro-
pylene (GF/PP) during the layup process of unconsolidated weft-knitted GF/PP-preforms. Two fibre
orientations are considered and orthotropic composite plates are manufactured by hot pressing technol-
ogy. Micrograph investigations and computer tomography analyses show different interface qualities
between the thermoplastic composite and the two types of bus systems. Mechanical tests under tensile
and flexural loading indicate a significant influence of the embedded bus system elements on the struc-
tural stiffness and strength.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Fibre-reinforced composites have high specific stiffnesses and
strengths. Additionally, these materials offer the possibility to de-
sign load-adapted material characteristics. In order to make these
outstanding properties available for high-volume production, tex-
tile-reinforced composites with thermoplastic matrices are advan-
tageous because of their feasibility of short processing times.
Thermoplastic composites offer various forming possibilities,
weld-ability, high ultimate strain and fracture toughness, and good
resistance to media and corrosion, which makes them interesting
for industrial applications [1,2]. Additionally, these composite
materials are easy to recycle compared to composites with ther-
mosetting matrices [3,4]. In current research, the material combi-
nation of glass fibres and polypropylene is focused with regard to
cost-effective solutions. Several studies consider the hybrid yarn
fabrication and modification [5], the influence of processing
parameters on the structural properties [6,7], the identification of
material characteristics [8–10] and adapted joining technologies
[11].

Composites can be functionalised by integrating various elec-
tronic components into the material structure. Sensors based on
optical or carbon fibres are used to perform strain measurement
[12,13]. Piezoceramic modules are utilised to modify the structural
behaviour of the component [14] or to perform structural health

monitoring [15]. Current studies are also dealing with specifically
designed piezoceramic modules for thermoplastic composite struc-
tures capable for series production [16,17]. Furthermore, embedded
sensor networks open new fields of application by comprising the
functionality of sensors (data recording), integrated circuits (data
processing), and actuators (structure manipulation). Such systems
are able to work as antennas [18] or distributed force sensors
[19]. Further studies disclose their potentials in manipulating the
dynamic behaviour of the composite structure [20], in automati-
cally and continuously surveiling the structural performance [21],
or in transmitting collected data by wireless techniques [22]. Be-
sides of preserving the functionality of the electronic components
during the manufacturing process [23–25], ongoing research anal-
yses the influence of these embedded electronic elements and net-
works on the mechanical performance of fibre-reinforced
composites. Lin and Chang [15] analysed amongst others the inter-
laminar shear strength and transverse impact damage tolerance of
carbon fibre-reinforced composites with epoxy matrix and embed-
ded piezoceramic modules. Kim et al. [26] investigated the effect of
embedded thermocouples and metallic strain gauges on the bend-
ing and compressive strength of carbon fibre-reinforced compos-
ites. The study compasses different layups as well as composites
with thermosetting and thermoplastic matrix systems. Ling et al.
[27] considered the effects of embedded optical fibres on the mode
II interlaminar fracture toughness of glass fibre-reinforced speci-
mens with various delaminations. Schaaf et al. [28] investigated
the influence of integrated chip resistors and flexible printed circuit
boards on the interlaminar shear strength of glass fibre-reinforced
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