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a b s t r a c t

Textile-reinforced thermoplastic composites offer huge application potentials for a rapid manufacturing
of components with versatile possibilities of integrating functions. However, an application of these new
materials requires the knowledge of the directional dependent material properties. In this study, results
are presented concerning selected relevant load cases for industrial applications. For the new group of
multi-layered flat bed weft-knitted glass fibre/polypropylene composites (MKF-GF/PP), tensile tests
under different temperatures and test velocities have been carried out as well as Charpy impact tests,
open hole tension tests and dynamic-mechanical analysis. The mechanical properties of MKF-GF/PP
and unidirectional GF/PP composites with tailored fibre surface and interphase, respectively, have been
compared to those of woven GF/PP composites and GF/PP composites made of non-crimp fabrics (NCF)
as a benchmark.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In structural applications, textile composites are usually used as
reinforcement because of the possibility to tailor the load bearing
capacity through the fibre architecture. As a result of their growing
potential for lightweight applications, textile-reinforced thermo-
plastic composites are getting of greater interest for the industry.
Thermoplastic composites show a number of advantages compared
to classical composites based on thermoset matrices, among which
the possibility for a low-cost, rapid production has to be mentioned
first [1–5]. Traditionally, textile thermoplastic composites are pro-
cessed by stacking alternating layers of textile fabrics and polymer
sheets in a hot-press. After heating above the polymer melting
point, the press is closed to obtain the required product shape. In
a subsequent cooling step, the product solidification takes place
followed by demoulding. Clear advantages can be made when so-
called hybrid fabrics made of commingled yarns are used. Such
yarns consist of reinforcing filaments (e.g. glass, carbon) and ther-
moplastic filaments (e.g. polypropylene, polyetheretherketon). The
thermoplastic filaments melt during the pressing process and form
the matrix so that no additional polymer needs to be added. The
main advantage of commingled yarns is that the thermoplastic
yarns are uniformly distributed in the reinforcement yarns to re-

duce the flow length of the thermoplastic after melting [6,7]. In
general, composites made of commingled yarns feature improved
basic properties (strength, stiffness, toughness, impact resistance,
environmental resistance) compared to traditional thermoplastic
composites [6–10].

To be targeted at providing a cost-effective solution to the auto-
motive industry with possible function integration, research fo-
cuses on the material combination of glass fibres and
polypropylene (GF/PP) [1–12]. Commingled woven GF/PP fabrics
are commercially available, and offer distinct advantages over
powder impregnated fabrics (notably lower cost and better
impregnation by the thermoplastic material). However, industrial
demands on high-tech applications increasingly require the use
of fabrics with adjustable mechanical properties. Traditional wo-
ven fabrics fulfill this requirement profile usually only on a small
scale. In this context, the development of novel textiles in combi-
nation with adapted manufacturing technologies provide promis-
ing alternatives [11,13–15]. Multi-layered flat bed weft-knitted
fabrics (MKFs) and non-crimp fabrics (NCFs) with hybrid yarns
should be mentioned as typical examples of this new material
group.

At present time, the material behaviour of the novel textile GF/
PP composites (MKF-GF/PP and NCF-GF/PP) is insufficiently inves-
tigated. Most of the existing studies are limited to quasi-static
loading conditions. Hence, this research focuses on the behaviour
of this new material under practical conditions in automotive engi-
neering which is a crucial topic if hybrid GF/PP textile composites
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