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In this study, wear behaviours of fiber-reinforced and matrix composite materials are
experimentally investigated under different speeds, loads and temperature. Composite
materials were made of Kevlar-epoxy resin, glass fibre-epoxy resin and glass fibre -polyester
resin materials. Tests were conducted for speeds of 0,390 and 0,557 m/s , at two different
loads of 5N and 10N, respectively. Wear in the experiments was determined as lost in mass.
In addition, the photographs of specimens were taken under the SEM and wear behaviours
on these photographs were investigated. As a result of this study, it is shown that the applied
load on the specimens has more effect on the wear than that of speed. The surface
temperature plays an important role in the friction and wear of polymers and increases at
higher sliding speeds and loads. The temperature of the specimens increased more with the
increasing sliding speed and applied load, so the wear increases more with the temperature.

1. INTRODUCTION

In industry applications, increase in using composite materials
causes that it is necessary to know behaviour of working
conditions, so that wear is the most important parameter and its
experimental behaviour must be known. The kind of composite
material used in production technology and their usage areas
have been increased every day. Fiber-reinforced polymer
composite, due to good combination of properties, are used
particularly in automobile and airplane industries, the
manufacturing of spaceship and sea vehicles. Composite
materials are ideal for structural applications where high
strength-to- mass ratio and specific stiffness of GFRP is not
extraordinarily high. Especially woven fabrics have rather low
specific strength and stiffness is required. Aircraft and
spacecraft are typical mass-sensitive structures in which
composite materials are cost effective. To gain full advantages
of composite materials, both aircraft and spacecraft are being
designed in a manner much different designing with
composites is state of the art [1]. The increase in the usage of
composite materials means that it is necessary to know their
behaviour under working conditions. The wear resistance is an
important parameter and its experimental behaviour must be
known. Composite materials are being used more and more
instead of steels and other metals because of their high strength
at low specific mass. Besides, wider choices of materials and

manufacturing of GFRP still require a lot of handworks and are
rather expensive make them an ideal case for engineering
applications [2, 3, 4]. On account of their good combinations
of properties, fibre reinforced polymer composites are used
particularly in the automotive and aircraft industries, the
manufacturing of spaceships and sea vehicles [5, 6].
Nowadays, non-metal composite materials are being widely
used as an alternative to steel and other materials. There are two
main characteristics which make these materials

attractive comparing conventional metallic designs. They are
of relatively low density and they can be tailored to have
stacking sequences to provide high strength and stiffness in the
direction of high loadings [8].Composite materials consist of a
resin and reinforcement chosen according to desired
mechanical properties and the application [9, 10]. Among the
fibre reinforcements, glass, carbon and aramid fibres are the
most likely candidates and are widely employed. Polymer
composites reinforced with these fibres are usually one to four
times stronger and stiffer than their unfilled equivalents [11].
Among the resins, polyester, epoxy, phenolic and silicon resins
are the most likely candidates and are widely employed.The
ever-increasing demand for reliability and long life of
machines are one of the main problems of contemporary
engineering [12]. In industry, particularly materials working in
places where wear properties are desired to be wear resisting.

In Different Matrix and Fiber-
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For this reason, the wear resistance of the materials must be
known [7]. Wear (DIN 50320) is called as occurring non-
desired modifications with deviation of little pieces due to a
mechanical cause or energy on surface of material [13].Many
studies reported that the wear resistance with polymer sliding
against steel improved when the polymers are reinforced with
glass or aramid fibres. However, the behaviour is affected by
factors such as the type, amount, size, shape and orientation of
the fibres, the matrix composition and the test conditions such
as load, speed and temperature [11, 13, and 19]. The wear
resistance of materials is determined in the result of laboratory
experiments. In this study, the wear behaviours of woven glass
fibre, composite materials are investigated under different
loads, speeds, temperature and sliding distances.

2. Experimental Procedure

In this work, composite materials were made of Kevlar-epoxy
resin, glass fibre-epoxy resin and glass fibre -polyester resin
material. They had a quasi-isotropic stacking sequence, 90°,
with the surface ply, which is contact with friction during
experiments having a 90° fibre orientation direction. Wear
behaviour of the glass fibre-polyester resin (provided by Fiber
Cag, Turkey) and glass fibre-epoxy matrix resin
(CYCOM7701) provided by TAI, Turkey are experimentally
investigated. The woven glass fibre-reinforced composites
made of 425 gm2 and 500 gm2 (yarns can be produced from a
wide range of fibers and whiskers. In the case of short fibers
and whiskers, the yarn must be spun (or twisted) to hold the
fibers together. Continuous fibers require no spinning, but it is
often advantageous to do so. Fabrics are produced from these
yarns by normal weaving processes). If the fibres are not spun
the fabrics are usually denser and involve quite less fibre
flexure. Plain wave glass fibre-polyester matrixes contain E
glass fibres of diameter 10-24 um. Woven fabrics should be
used when high shear strengths are required in the plane of the
reinforcing sheet. The more unidirectional weaves generally
have lower shear strengths than conventional weaves. The glass
fibre composites have been reinforced with the volume of
fibers Vi = 30 vol % and with the volume of matrix V=70 vol
%. Matrix material used in these composites is polyester resin
(Neoxil CE92). It is often desirable to add mineral filler to
polyester resins. In addition to lowering the cost of resins, filler
materials also improve the surface appearance, resistance to
water and reduce shrinkage. Polyesters are also commonly used
as matrix materials, particularly with glass fibre reinforcement.
Polyester is an economic material that has high chemical
resistance and resistance to environmental effects. It has high
dimensional stability and low moisture absorption. Low
volume-fraction glass fibre-polyester composites with a wide
range of colours have been in use for a long time. The
production technologies for glass and thermoset glass-
polyester composites are easier and cheaper than those for other
glass-resin materials [5, 6, and 15].

Glass-fibre reinforced polymer with thermoset polyester resin
is an attractive material that is economically desired. Its
applications at low temperatures and under service terms are
easy, when this material is compared to advanced polymer
composites with complex molecule structure, high strength and
working under terms of difficult service [5, 6, 12]. This
material is preferred due to the superiority of polymer mixed
material, because it is easy to produce and at low east, more
than advanced engineering applications. It is being questioned

the developed and improved properties of this material in
present [9]. Epoxy resins of several families are now available
ranging from viscous liquids to high-melting solids. Among
them, the conventional epoxy resins manufactured from
epiclorohydrin and bisphenol remain the major type used.
Epoxy resins are also modified with plasticizers [5, 6]. They
are generally known as products used in structural component,
adhesives, and protective plating due to their very good
mechanical properties, chemical resistant and electrical
characteristics. The shrinkage of epoxy is less than 2 % and
there is no water or volatile by-products generated during
curing. When these epoxy resins are reinforced with high-
strengthened fiberglass, the obtained product is used in
structural applications to resolve need of high hardness and
lightness [9, 18].

2.1. Wear Test Details

The woven glassfiber-epoxy matrix resin, the woven
glassfiber-polyester matrix resin and Kevlar-epoxy resin
composite materials were provided in the dimension of
310x290x3 mm3. The experiment specimens of size 47x27x3
mm? were cut from the sheets Fig.1. The wear of composite
materials was performed using a block on shaft test method Fig.
2. The abrasive used at the wear of specimens is SAE 1030
(DIN 22) steel ground whose surface ground and the diameter
of 15mm. The hardness and surface roughness (Ra) of the
depreciator shaft are 150 HB30 and 1.25 um, respectively. The
wear tests were performed on a specially prepared
experimental set-up by using a lathe. The actual loads were
placed on the pan of the load arm of this apparatus. The
schematic view of wear set-up is shown in Fig.2.The role of
experimental conditions is very important in experimental
studies.

47

=

Figure 1. Dimensions of the plate used for the wear experiment

First, ambient conditions should not be changed during the
experiment sets for the accuracy. The experiments were
repeated till if any change of the experiment conditions had
been observed.

First, ambient conditions should not be changed during the
experiment sets for the accuracy. The experiments were
repeated till if any change of the experiment conditions had
been observed. The amount of wear will able to increase with
the effect of temperature. Because it is determined that the
depreciator shaft was heating in the results of a performed
experiment; a new experiment was performed after the shaft
was completely cooled in all experiments.

All the experiments were conducted at the room temperature
(20 °C). The temperature of the specimens was measured with
a Cole-Palmer H-08406-46 infrared temperature measurement
device. The glassfiber-epoxy resin, glassfiber-polyester resin
and the Kevlar-epoxy resin composite materials specimens
were tested under the different experiment conditions. Tests
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were conducted for 0,390 and 0,557 m/s speeds, at two
different loads of 5N and 10N. The mass losses were measured
at each different sliding distances. Wear in the experiments was
determined as mass loss. For each experiment, one of the
specimens was used. The amount of wear was measured before
the experiment and after the experiment with the apparatus of
balance scales with an accuracy of 103 g.

Load Composite
Specimen
S
Speed Shaft

Experimental Set

Shaft

Composite
Specimen

Figure 2. Photograph of the experimental setup and schematic view of a
block-on-shaft wear test.

3. The experimental results and discussion

The wear and friction behaviour of polymeric composites have
to be considered as a function of load, sliding speed and
distance or temperature. The surface temperature plays an
important role in the friction and wear of polymers. An increase
in wear intensity can occur thermal softening. Effects of the
normal load and the sliding speed on the mass loss of woven
glass fibre, glass fibre-epoxy resin and glass fibre-polyester
resin composite specimens are shown in Figs. 3-13,
respectively. The mass loss of the glass fibre-polyester resin
composite specimens did not change below the sliding distance
of 942m, as shown in Fig. 3.

However, the mass loss of the plain polyester resin increased
after the sliding distance 942 m. This result may be explained
as the increase of the temperature occurred at the experiments.
The wear on the glass-fiber polyester composite decreases due
to the effect of increasing temperature removal from the surface
as illustrated. The epoxy-based composite exhibits lower wear
loss than that of polyester-based composite [18, 20]. The mass
loss is lower in glass fiber-epoxy resin composite specimens
than in fiberglass-polyester resin composite under 0,390 m/s

Load
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speed and 5N load according to the sliding distance in Fig. 3.
SEM photograph shows the features of worn surface at 0, 39
m/s speed and 5 N load in Fig.4. The results also show that the
wear did not occur in Kevlar fibre-reinforced composite
specimens at 0,390 m/s speed and 5N load. From Figs. 3-5, it
is seen that the wear increased with the increasing sliding
distance. The mass loss of all the composite specimens
generally increased with the sliding distance at the constant
sliding speed 0,390 m/s when the applied load was increased
from 5 to 10N (compare Fig. 3 with Fig. 5 and in Fig. 6).
Because the fiberglass-epoxy resin has a low friction
coefficient and high wear resistance; the mass loss of the
fiberglass epoxy resin is lower than that of fiberglass-polyester
composite [5, 6, 12].

20 . : . .

18 ; ] Lo Fiberglass epoxy resin
16 J ..... L : ... 0 Fiberglass polyester resin
14 ... : --- 4 Kevlar epoxy resin

12}

Mass Loss (mg)

20 25 30 35 40 45
Sliding Distance  (x100 m)

Figure 3. Variation of mass loss with respect to sliding distance at 0,390
m/s speed and 5N load.

A A
! Sliding Distance

Figure 4. SEM photograph showing the worn surface of glass fiber—epoxy resin
Composite at 0,390 m/s speed and 5N load.

Because of the low friction coefficient of epoxy resin, the
temperature is increased. For this reason, the mass loss
becomes less depending on the sliding distance as shown in
Fig. 5.
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Figure 5. Variation of mass lost with respect to the sliding distance for 0,390
m/s speed and 10N load.
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Figure 6 . SEM photograph showing the worn surface of glass fiber—epoxy resin
composite at 0,390 m/s speed and 10N load.
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Figure 7. Variation of mass lost with respect to the sliding distance for 0,557
m/s speed and 5N load.

A little increase in temperature depends on sliding distance at
0,557 m/s speed and 5N load. The wear will occur in the
polyester resin rather than the reinforcement. SEM photograph
in Fig. 8. Shows the features of worn surface at 0,557 m/s speed
and 5N load. As the earlier mentioned, epoxy-based
composites exhibit lower wear loss than polyester-based
composites. In addition, kevlar fibres usually exhibit much
higher wear resistance than glass fibres [8, 14] and kevlar fibres
exhibit lower friction than glass fibres. The low friction
coefficient is prevented to increase of the temperature. For this
reason, the mass loss of the kevlar fibre-reinforced composite
material becomes less than that exhibited by the woven glass
fabric-reinforced composites. The woven glass fabric-
reinforced composites were subjected to a larger mass loss
depending on sliding distance, when both the sliding speed and
the applied load are increased as it can be seen in Fig. 8.

R — e e

¢ Sliding Distance

Figure 8. SEM photograph showing the worn surface of fiberglass—epoxy
resin composite at 0,557 m/s speed and 5N load.

It is well-known that the surface temperature plays an
important role in the friction and wear of polymers and thus it
increases at higher sliding speeds and loads [5, 6, 18]. The
applied load on the specimens has more effect on the wear than
the sliding speed according to the data given in Figs. 3-11.
SEM photographs in Figs. 4 and 6 depict the features of worn
surface in sample subjected to increasing distance of sliding. In
Fig. 7, the wear of matrix material due to larger sliding distance
compared to Fig. 5 is noticeable comparing Fig. 9 with Fig. 10,
it is possible to highlight the effect of increasing load
application on the wear surface features. As seen in Fig. 13,
when load is increased, causes to rise of temperature up to a
point, the ends of fibers are broken due to matrix detachment.
composite for all the speeds and loads according to sliding
distances (Figure 3, 5, 6, 8 and 9).Glass fibre-epoxy resin
composites generally showed higher resistance and minimum
wear if we compare with the glass fibre-polyester matrix resin
composites materials. The glass fibre-epoxy resin composites
have a low friction coefficient and high wear strength, which
prevents the increase of temperature. For this reason, the mass
loss of glass fibre-epoxy resin composites is low depending on
the sliding distance. The study also showed that higher loads
and sliding velocities bring about changes in worn surface
features such as interface separation, inclined fracture of fibres,
loss of matrix as well as the appearance of debris with the two
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different. The wear occurs in the matrix rather than the
reinforcement.
50
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Figure 9. Effect of speed and load on temperature (20 °C) and time of
fiberglass—polyester resin composite.
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Figure 10. Effect of speed and load on temperature(20 °C) of fiberglass—
epoxy resin composite.
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Figure 11. Effect of speed and load on temperature (20 °C) of kevlar-epoxy
resin composite.
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Figure 12. Variation of mass loss with respect to the sliding velocity for
0,557 m/s speed and 10N load.

Figure 13. SEM photograph showing the worn surface of glass fibre—epoxy
resin composite at 0,557 m/s speed and 10N load.

3. Conclusion

The mass loss of the woven glass fibre-epoxy resin composite
increases with increasing of load and speed. Because the
temperature raised with increasing of load and speed. The mass
loss of all composite specimens generally increased with the
sliding distance at the constant sliding speed of 0, 390m/s when
the applied load was increased from 5N to 10N (compare Fig.
3 with Fig. 5, and Fig. 6).

The wear in the woven glass fibre-epoxy resin composite
specimens is lower than the woven glass fibre-polyester resin
Therefore, the wear in the woven 425 gm? glass fabric-
reinforced composite is lower than the woven 500 gm- glass
fabric-reinforced composite keeping all test parameters
constant. Due to the kevlar fibres having a low friction
coefficient and high wear strength, and epoxy-based composite
exhibit lower wear loss than polyester-based composite, the
wear of the kevlar fibre-reinforced composite is lower than the
woven glass fabric-reinforced composites.
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