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2Faculty of Technology İnstitute of Science, Afyon Kocatepe University, Afyon, 03200, Turkey
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ABSTRACT

In this study, natural fiber reinforced polymer foam core layered composites were produced for the automotive
industry. Sheep wool was used as natural fiber. Polymer foam with a single layer XPS foam structure was used
as the core material. XPS foams and fibers are bonded to the upper and lower sides of the foams with the
help of resin. Samples were produced with one and two layers on both sides, with a total of two and four
layers. Production was carried out using the vacuum bagging method using the manual laying method. After the
production was completed, it was cut to dimensions in accordance with the standards and experiments were carried
out. Compression tests, three-point bending tests and low-speed impact tests were carried out to analyze the energy
absorption capabilities of the produced samples. As a result of the experiments, it was determined that the samples
with a total of two floors provided better performance than the samples with a single layer. In the impact tests,
rebound occurred in the double-layered samples in the 10 J impact tests, and punctures or stabbings were detected
in the 20 J tests.
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Highlights

• As the number of fiber layers increases, the energy absorption ability is better.
• As the impact energy increases, the deformation in the material increases.
• The porous core material is effective in absorbing energy.
• Mechanical properties are directly proportional to the number of layers.

1 Introduction

The word “composite” is generally the combination of two or more separate materials on a
macroscopic scale, and “composite material” means a structural unit used in various engineering
applications, each of whose material components have different thermal, mechanical, electrical,
magnetic, optical and chemical properties [1–3]. Flexibility in engineering materials according to their
usage areas [4], lightness impact resistance, high corrosion resistance [5], bending strengths, energy
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absorption [6–8] and thermal resistance [9,10] features such as are sought. To meet this need, new
composite materials have begun to be developed and their usage areas are becoming more widespread
day by day.

Advanced composites are subjected to mechanical testing in different directions to determine their
suitability for a particular design. In general, it is possible to express these tests as tensile, compression,
shear, impact and fatigue tests [11–14]. It is possible to divide composite materials into classes such
as their structures, components and application areas. According to the method of obtaining, they
are grouped as artificial and natural fibers [15,16]. Artificial fibers are fiber types such as glass
fiber, carbon fiber, kevlar (aramid) and boron fiber [15,16]. Glass, carbon and aramid fiber-based
composites are more demanded than others in the aerospace, defense, automotive, wind energy and
pipe manufacturing industries [17,18]. It is the use of natural fiber composites instead of or as a
component of traditional materials (artificial fibers). Thus, to promote the use of environmentally
friendly and sustainable materials and to reduce the negative environmental effects of synthetic
materials.

Natural fibers can be examined in two parts: plant and animal [19–21]. For example, plant
materials such as jute, cotton, linen and wool [22,23] fibers of animal origin such as sheep, goat wool,
silkworm, natural fiber [24,25] it is considered. Plant fibers are widely used in the textile industry
[26]. For example, fibers obtained from plants such as cotton, hemp and flax are used in fabric
production [27–30]. Animal fibers are natural fibers obtained from animals. It is used in various
applications in the composite industry. These fibers offer various advantages, especially in fields such
as textile, construction and automotive [31]. Animal fibers are used in the automotive industry in
car seats, steering wheel coverings and other interior design elements due to their durability, soft
texture and aesthetic appearance. It reduces noise by using wool insulation in areas such as the engine
compartment, door panels and ceiling [32–35]. Today, studies are carried out in different fields with
sheep wool. Some of these are on sheep wool fiber-concrete composites. They found that using sheep
wool has potential benefits in many areas, such as reducing weight, improving thermal insulation, fire
resistance, noise reduction and can help reduce the environmental impact of concrete production, as
well as improving its energy absorbing properties [36–39].

By becoming widespread in the industrial sector of animal fibers, the country creates added
value for the development of animal husbandry, as well as increasing the production capability in
manufacturing. It is thought that one of these areas of use can provide impact absorption in vehicles
with composite material reinforced with natural fibers. For this reason, the study tried to examine the
energy absorption ability of natural fiber polymer foam core layer composites. In the study, sheepwool
was used as the fiber and XPS foam layer was preferred.

2 Experimental
2.1 Sheep Wool

The aim of the current study is to examine the mechanical properties of pure sheep wool fabric
through experiments. In our country, the fibers clipped from sheep grown are obtained from naturally
produced material that is turned into fabric. The chopped sheep wool in fiber form is shown in Fig. 1a,
and the sample made into fabric is shown in Fig. 1b. Composites were created by combining sheep wool
fabric with epoxy-based materials.

The average technical characteristics of the wool of some sheep breeds raised in our country are
shown in Table 1.
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Figure 1: Sheep wool (a) Raw sheared form from sheep (b) Fabric form

Table 1: Sheep wool technical specifications [40]

Specifications Merino sheep Curly sheep Turkgeldi sheep

Dirty fleece (kg) 3.20 2.7 2.4
Fiber fineness (micron) 20.40 25.7 24.1
Pipe length (cm) 5.90 8.8 8.3
Strength (g) 7.60 15.2 18.3
Plasticity (%) 32.50 39.3 41.5
Efficiency (%) 51.30 41.5 46.7
Ondulation (piece) 15.60 7.5 5.2

Sheep wool is a natural material used in various applications in the automotive industry. This soft,
durable and insulating natural fiber is used to make some auto parts and interiors [34]. For this reason,
it was preferred to be used in the study.

2.2 Polyurethane Foam (XPS)

As the layer material, 20 mm thick XPS material complying with TS EN 13164 + A1 and En
13163 standards was preferred. They are foam-based materials, which are a closed-cell material with
low density and high rigidity [41]. The properties of XPS foam are given in Table 2.

Table 2: Features of XPS foam [42,43]

Mechanical properties Values

Young’s modulus (kN/m2) 37,010
Compressive strength (kN/m2) 729
Densitiy (kg/m3) 29,3

This material has low moisture absorption, compressibility, compressive creep, dimensional stabil-
ity at a certain temperature, thermal conductivity and the ability to be shaped by heat. Additionally,
its chemical resistance is quite good. Light and rigid layers of this type are commonly used as core
materials. Layered foams are used in many areas, especially bumpers, in the automotive industry [44].
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Safety is an important factor in automobiles. Thanks to their impact absorption properties, XPS foams
can help protect passengers by dissipating energy during a crash [45].

2.3 Production Method

The manual laying method is used in many areas in technical studies in the manufacturing of
composite materials. Parts produced by hand-laying method have features such as high strength, low
weight and chemical resistance. Reinforcement material in the form of fiber or fabric is placed on the
mold by orientation. For sample production, MGS LR 285 epoxy resin and LH 285 epoxy hardener
were mixed in appropriate proportions. The matrix material with polymeric resin is applied on top
of the reinforcement material. After the application layers were completed, the resin was left in a
vacuum atmosphere until it cured using the vacuum bagging method. The curing process was waited
for approximately two hours at room temperature.

Vacuum bagging is an effective method used to optimize resin and air flow in the production of
composite materials. This method allows the desired vacuum level to be created initially via the vacuum
pump. Vacuum method: Thanks to the vacuum applied to the resin injection lines, the resin spreads
homogeneously to fill all gaps. It removes air bubbles and allows them to come out. Once these steps
are completed, the vacuum pump is turned off. Afterwards, the resin dispensing lines are clamped to
ensure that the resin is kept in the desired areas [46,47].

Vacuum bagging method is a technique used in the production of composite materials. This
method aims to achieve a higher material quality by eliminating air gaps between the resin and the
sheepswool fabric. The application of the method is shown in Fig. 2. In sample production, the core
material and fibers are combined with resin and a brush (Fig. 2a). In the study, the materials were cured
at room temperature for 2 h under 20 bar pressure using the vacuum bagging method (Fig. 2b). The
cured samples were prepared by cutting (Fig. 2c) the impact sample to 100 mm × 100 mm (Fig. 2d)
using the precision cutting method using a jig saw.

Figure 2: XPS sheep wool sample production process visual
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3 Results and Discussion

The findings were examined in three main parts. Three samples were used for all tests and graphs
were drawn by taking the arithmetic average.

Impact test is a method used in material testing. It is used to examine the behavior of the material
against impacts [48,49]. It is a testing method that applies a controlled impact to a material sample
to understand how the material behaves under impact energy. While low-speed impact experiments
are used to evaluate the deformation and energy absorption capacity of the material [50], high-speed
impact experiments are generally used to study the behavior of the material against fracture and
cracking [51]. Instron/Ceast 9350 device was used in impact experiments. Fig. 3 shows the impact test
device used in the tests.

Figure 3: Impact test device and samples produced for testing

In the study, the impact resistance of impact test samples with XPS core material with two
different layer thicknesses, single and double, was experimentally examined. The dimensions of the
impact samples were determined as 100 mm × 100 mm in width and length according to the ASTM
D7766 standard [12]. Impact samples were made ready by cutting using the precision cutting method.
Although sample thicknesses vary depending on the layer, 2-layer ones were measured as 22 mm and
4-layer ones were measured as 24 mm.
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3.1 Single and Double Layer XPS Impact Test

Damage images on the upper and lower surfaces of single and double-layer sheep wool natural
fiber test samples after impact are shown in the figure. In the figure, it is clearly seen that the damage
area differs in samples with single and double layers under 10 and 20 J impact energy. When the post-
impact damage areas for 10 and 20 J in single-layer XPS samples are compared, it is seen that the
bottom and top surface damage areas of these two samples are the same. At 10 J impact energy, 16
mm damage is observed on the front surface of the monolayer and 19 mm damage is observed on the
back surface of the fiber and core material. At 20 J impact energy, 12 mm damage is observed on the
front surface of the single layer and 14 mm damage is observed on the back surface of the fiber and
core material. It can be seen that under 10 J energy, smaller damage occurred on the upper surfaces of
the double-layer XPS sample than the others, and there was no damage on the lower surface. However,
at 20 J impact energy of the same sample, fiber breaks and core material damage are observed on the
upper and lower surfaces. At an impact energy of 10 J, no damage is observed on the front surface of the
double layer and 12 mm on the back surface. At an impact energy of 20 J, 20 mm damage is observed
on the front surface of the double layer and 24 mm damage is observed on the back surface of the fiber
and core material. Fig. 4 shows the damage caused to the samples as a result of the impact test.
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Figure 4: (Continued)
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Figure 4: XPS sample damage images as a result of the impact test

Fig. 5 shows the force-deformation graph of single and double layer samples with XPS core at
10 J energy. It was determined that at an energy value of 10 J, the upper layer of the double-layer
sample was pierced, it could not advance to the lower layer and it bounced back as the foam absorbed
the energy. In the single-layer sample, it completely pierced the top layer, damaged the core foam and
remained stuck in the foam. While it resists a force of approximately 1500 N in the two-layer sample,
it is around 800 N in the single-layer sample. The deformation was determined to be approximately
9 mm in the double-layer sample, and the deformation reached up to 12 mm in the single-layer samples.
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Figure 5: Force-deformation graph of single and double layer samples with XPS core material as a
result of 10 J impact energy

Fig. 6 shows the force-deformation graph of single and double-layered samples with XPS core
as a result of 20 J energy. As a result of the impact test, the first layer of the double-layer samples
was completely pierced and the striking tip reached the second layer and stuck into the sample.
The downward descent in the force graph is a result of the foam absorbing energy. Approximate
deformation is around 16 mm and the maximum force reached up to 2500 N. In single-layer samples,
the striking tip penetrated both layers. The advancement amount of the striking tip inside the sample
is approximately 25 mm, and the maximum force resistance is around 500 N, as seen in the graph in
Fig. 8.

In Fig. 7, the deformations of single-layer samples with XPS foam core under 10 and 20 J energy
are compared. When the graph was examined, it was determined that the striking tip penetrated
the single-layer samples under 20 J energy. The maximum force is around 600 N and the striking
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tip completely pierces the sample and the advancement amount is determined as 25 mm. In the test
samples performed under 10 J energy, the tests resulted in stabbing. In the experiments, the maximum
force was around 900 N and the deformation was determined as 12 mm.
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Figure 6: Force-deformation graph of single and double layer samples with XPS core material as a
result of 20 J impact energy
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Figure 7: KY-T-XPS force-deformation graph under 10 and 20 J impact energy
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Figure 8: KY-C-XPS force-deformation graph under 10 and 20 J impact energy

In Fig. 8, the deformations of double-layer samples with XPS foam core under 10 and 20 J energy
are compared. In XPS 20 experiments, the test resulted in stabbing in the sample. It was determined
that at an energy value of 10 J, the upper layer of the double-layered sample was pierced, it could not
advance to the lower layer and it bounced back as the foam absorbed the energy. In 20 J experiments,



JPM, 2024, vol.41, no.1 9

the maximum force was around 2500 N and the deformation was determined as 16 mm. In 10 J
experiments, the sample resisted a force of approximately 1500 N and the deformation was determined
to be approximately 9 mm.

3.2 Sheep Wool Layered Composite Compression Test Results

ASTM C393-00 standard was used when applying this test method. According to this standard,
the load applied to the samples advances 1 mm/min with the moving jaw [52,53]. Samples prepared
in accordance with the standard were subjected to compression testing along their edges in the
SHMADZU AUTOGRAPH AG-100 universal testing device. Images during sample testing are shown
as in Fig. 9.

Figure 9: XPS sheep wool (a) Before the compression test (b) After the compression test

Compression testing of porous materials is a testing method used to evaluate how the material
behaves under pressure. This test helps determine the amount of energy the material absorbs and its
mechanical properties. The area under the compression test graph is an indicator of energy absorption.
Similar to the data obtained in the impact tests, it was observed that the compressive strength of the
two-layer samples was better than the single-layer ones.

Fig. 10 shows the XPS single and double layer force-deformation graph. When the graph is
examined, when the compression test results on XPS core composite materials are examined, it is
seen that the plastic destruction values are approximately 2200 N in XPS double layer samples and
1300 N in XPS single layer samples. Although the curves continued parallel to each other, they
decreased slightly and continued horizontally, similar to the compression curves of porous structures.
Due to the closure of the pores after approximately 50% deformation, the force increased and the
experiment was terminated.

3.3 Effect on Three Point Bending Strength

Three-point bending tests were examined in a single category, namely layer thickness. The samples
were prepared in dimensions of 180 mm × 30 mm × 23 mm and 1 mm/min was selected as the device
advance speed. In order to detect the breakage of the substrate in the experiments, a deformation
of approximately 30 mm was applied to the samples (ASTM D790) [54]. Three samples from each
layer were tested and the average of the results was taken and force-deformation graphs were drawn.
Depending on the wool single-layer double-layer configuration shown in Fig. 11, the behavior of the
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beam under bending is shown in phase 3. When Fig. 11 is examined, separations and breaks in the
core material and fiber layers were observed during the tests.
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Figure 10: XPS single and double layer compression test force-deformation graph

Figure 11: Compression test of XPS sheep wool sample (a) Single layer sample (b) Double layer sample

Fig. 12 shows the force-deformation graphs obtained from three-point bending tests of XPS
single layer and XPS double layer For XPS-filled sheepwool, three separate test samples were used
for each two layers. XPS single layer samples experienced first layer fracture with a deformation
of approximately 8 mm and withstood a force of approximately 200 N. On the other hand, XPS
double layer samples experienced first layer fracture with a deformation of approximately 12 mm and
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withstood a force of approximately 360 N. Based on these data, it is seen that XPS double layer samples
have higher strength than XPS single layer samples.
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Figure 12: XPS force-deformation graph

4 Conclusion

• In this study, tests were carried out to determine the mechanical properties of sheep’s wool
fabric with XPS polytrene foam material in three configurations by performing single and
two-layer compression, three-point and impact tests. To examine the impact behavior, tests
were performed at two different energy values of 10 and 20 joules. In compression tests, the
compressive strength of single and double layer samples increased by 70% more, while it was
doubled between layers.

• In impact tests, sinking occurred in single-layer samples under 10 J impact energy. It was
concluded that rebound occurred in the double-layer test samples under the same energy.
In impact tests, punctures occurred in single-layer samples under 20 J impact energy. It was
observed that under the same impact energy, stabbing occurred in the double-layer test samples.

• It has been concluded that the strength of the core and surface material increases as the layer
thickness increases. As the layer thickness decreases, the strength of the material decreases. It can
be concluded that the layer thickness of the material and the strength are directly proportional.

• As a suggestion to the study, composite material production can be improved by using different
artificial fibers or different core structures instead of the natural fibers used in this study for
future studies. This evaluation can provide insights into how these materials perform under
various conditions relevant to impact resistance automotive applications.

• By identifying the most suitable combinations of fibers and polymers, the study could help
develop composite materials with improved mechanical performance, lightweight potential
and cost-effectiveness. Other researchers may investigate different types of natural fibers,
polymer matrices, and processing techniques to optimize the properties of composites for
automotive use.
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