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dynamic loaded applications
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Abstract
Natural fiber reinforced composites are well known for static and middle stress-
sed applications like the hat rack, the car roof or the indoor car interior lining
since the beginning of 1990. As these samples show a lot of applications have
been done by natural fiber reinforced composites but in the last 2 to 3 years
further implementations are missing. Now it is possibel to use natural fibers in a
special combination of different semi finished textiles for high dynamic loaded
applications like a scooter beam. The lecture will show the used kinds of different
textiles and the reachable mechanical properties for this material combination.

1 Introduction
Fibre reinforced composites are used since many years in all kinds of industrie
i.e. in transportation industrie where leightweight construction is one of the
most important aims. Next to synthetic fibers like glas, aramide or carbon black
in the last 15 years natural fibers as flax, hemp, jute or nettle are more and
more important because of their in comparison to the synthetic fibers

- high specific properties
- low price of the fibers
- low addiction to shiver
- CO2-neutrallity

Until now natural fibers where used in middle stressed structures for static
applications. Classical examples are the hat rack, the car roof or the indoor car
interior lining. For all these structures mostly natural fibers are used as a needle
punched batt which is more or less the only semi finished textile for these kind
of material.
Now the article will show the possibility of different semi finished textiles made
by natural fibers and the resulting potential of these fibers in dynamic loaded
highly stressed composite structures.
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2 Semi finished textiles
The mostly known way to use natural fibers in composite
structures is to use them as a needle punched batt. For
this textile sructure the fibers will put to a card machine
firstly. In this machine the fibers will be cleaned and orien-
ted (fig. 1). Secoundly the fibers in the needle punched
batt will be impregnated with the matrix material which is
mostly a thermoset polymer. Furthermore it is possible to
mix the fibers i.e. with thermoplastic staple fibers during
the card process. For both ways the area weight of the
needle punched batt is important (fig. 2). If the area weight 

is high it is possible to get high strength and high specific
mechanical properties but the fibers are very compact
next to each other. For this fact the quality of the impreg-
nation decrease.
As a semi finished textile the needle punched batt is not ori-
ented and in comparision to a card tape much more expen-
sive. For producing a tape there are the same production
steps as for a needle punched batt but the needling is not
necessary. After the card the fibers will just sumarised and
for this they are nearly oriented only in one direction.

fig. 1: production line for different textiles in composites



fig. 2: area weight in addiction to the needling parameter
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3 Manufactoring process
The aim in the project was to develope a dynamic claima-
ble scooter beam with high strenght made by a natural
reinforced polymer. For this two different processes, the
resin transfer molding (rtm) and the diaphragmforming
technique, are evaluated to be the best. In the first pro-
duction process the textile is put inside the mold and
injected in a secound step with the thermoset matrix
material. After curing of the resin it is possible to demold
the structure. 
In the secound production step the textil was shaped bet-
ween two elastomeric films whereas this method is mostly
used for thermoplastic materials. In the following only the
rtm process is described. Fig. 3 demonstrate the different
working steps of this technique on the one hand side and
on the other hand side the used mold for the scooter
beam is shown in this graphic.
The mold was disigned modular in thickness to realise diff-
ferent heights and various configuration of the different tex-
tile layers. The innovation is the modular body which can
be used for beams between 4 and 16 mm. Furthermore
the injection system, in the self developed mold, was
modular, too. Therefor flexible tubes where used (fig. 3). 
For these facts a big variety of fibers (natural-, glass- or
carbonfiber), textiles (needle punched batt, tape or web)
and core materials (foam, honeycombs) as well as their
combination could be analysed. The cavity for all the tests
was fit with fiber material and injected with an epoxy resin
L20 supported by vakuum with a presure of 2 bar and a
dwell pressure of 4 bar. The final curing take place after 4
hours curing at 40 °C with 60 °C over 8 hours.



fig. 3: steps of the resin transfer molding process.
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fig. 4: bending properties of scooter beams

4 Results
The static and dynamic behavior of
the scooter beam was tested and
compared to other scooter beams
on the marked. Furthermore the
material behavior was described by
Einlegen geschlossene Form model-
ling and compared with other materials
during simulation. Both results, the cal-
culation and the experimental results,
confirm to each other very close.

Fig. 4 show the scooter beam and
next to this the results of some of the
testing samples. It is shown the origi-
nal beam made by glass and carbon
fibers in a sandwich structure in
comparison to natural fiber reinforced
beams, which has a thickness of 11
mm. The original beam has only 7,8
mm whereas the natural fiber com-
posite beams are reinforced quasi
isotropic with a needle punched batt.
In combination with unidirectional
tape made by a card, which is the
favorable possibility, a bending
modulus of 12 GPa could be
reached.

This kind of reinforcement in combi-
nation with a strut construction of the
structure and appropiated for the
material is a possibel option to the so
far mostly used synthetic fiber (glass
fiber) reinforced composites. The fati-
que resistance of the new scooter
beam as well as the test for the daily
use just stand in the phase of certifica-
tion, but first results are positiv as well.




