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1- Introduction

One of the most important components of wind turbines
is the blades. Wind turbine blades are subjected to fatigue
load during operation. For this reason, the issue of fatigue
should be considered at the time of design. Glass fiber
reinforced polymer composites or GFRP are used in wind
turbine blades. Dyer and Isaac investigated the effect of
laying-up on the fatigue behavior of GFRP composite and
showed that the fatigue strength in laminate composite
[£45] is very low compared to laminate composite [0/90]
as decreasing the number of fibers along the load
direction. Kumar and Swami also investigated the fatigue
behavior under combined rotating bending loads mode of
GFRP composite at different stress levels. They observed
three modes of fatigue damages include matrix cracking,
interface debonding, and fiber failure in different cycles.
The aim of this study was to investigate the fatigue life
and compare fatigue damages at different stress levels for
GFRP composite with biaxial fiber laminate [0,90].

2-Materials and experimental

2-1 Materials

GFRP composite was made of epoxy resin 2040 Axon
France and E glass fiber reinforcement with biaxial fiber
orientation [0,90] and with dimensions of 65 x 125 cm.

2-2 Manufacturing method

In order to manufacture the GFRP composite, vacuum
infusion process or VIP was used. In this method, first the
layers of fibers were placed on top of each other and a
layer of mesh between layers. Then, two layers of plastic
bags were considered on the fibers, a vacuum pressure of
-0.85 bar was applied to evacuate the air. After mixing the
resin and hardener and degassing of mixture, the resin
infusion process was performed by vacuum device. The
composite sheet is first placed for 24 hours at room
temperature and then for 16 hours in an oven at 80 ° C to
complete curing process of epoxy.

2-3 Tensile test
Tensile test according to ASTM D3039 standard was

performed for 5 samples of GFRP composite using
Universal Zwick 250 device and strain rate of 2 mm / min.
The dimensions of the samples include 250 mm length
and 25 mm width. Also, for all samples, tabs with a length
of 56 mm were considered for all samples.

2-4 Fatigue test

Fatigue test was performed at 4 stress levels of 70, 50, 42
and 35% of the UTS according to ASTM D2479 standard,
using the fatigue device of the Sun Air Research Institute,
frequency Hz 8 and load level ratio of 0.1. The dimensions
of the fatigue specimens are 75 mm length, 12 mm width
and 19 mm patch length. The specimens are curved.

2-5 SEM Analysis

SEM analysis was performed using VP1450 LEO device
to investigate the fracture microstructure of GFRP
composite samples at two load levels of 70 and 35% UTS.

3-Results

Figure 1 shows the stress-strain curve of GFRP composite
with biaxial fibers [0,90] compared to epoxy 2040.
Tensile strength increased from about 71 MPa to 420 MPa
by adding glass fibers as a reinforcing phase to the epoxy
matrix.
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Figl. Stress— strain curve of GFRP composite with biaxial
fibers [0,90] compared to epoxy 2040.

According to Figure 2, in the S-N curve of GFRP
composite with biaxial fibers [0,90], it is observed that the
number of failure cycles increases with decreasing the
applied load level. The fitting curve on the data points is
shown in the diagram of fig 2 and its coefficient of
determination (R?) is equal to 0.9339.
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Fig 2. S-N curve for GFRP composite with biaxial fibers
[0,90].

Figure 3 shows the SEM images of the GFRP composite
fatigue failure at two load levels of 35% and 70% UTS.

Fig 3. SEM images of GFRP composite fatigue failure a, b
and c) 70% load level c, d and f) 35% load level.

In Figure 3, we can see the print of fibers on the matrix
and the print of the matrix on the fibers, which shows the
debonding between fibers and matrix during cyclic
loading. The cycle numbers of applied load affect on
adhesion of interface between fibers and matrix. As the
number of cyclic loads increases, the bond between the
resin and the fibers becomes weaker. For this reason, the
mechanism of debonding of fibers and matrix ground for
the 35% load level is the dominant mechanism. According
to SEM images at 35% load level, fiber pull out is another
dominant mechanism that has caused void in the fracture
surface of the sample. Matrix cracking is more severe in
70% load level images. By applying more cyclic load, it
increases the softness of the matrix. At the failure surface
of 35% of the sample, there is a lot of distortion that can
be caused by the activation of various mechanisms of
fatigue damage.

4- Conclusion

The final strength of GFRP composite with biaxial
fibers [0,90] was obtained using the tensile test which
was equal to 420 MPa and in the fatigue test its S-N
curve had a good fit with the results.

SEM analysis for the fracture surface of fatigue
specimens at two load levels of 70 and 35% UTS
showed that the debonding between the fibers and the
matrix, which is the dominant mechanism at the load
level of 35%. At 35% load level, the mechanism of
fibers pull-out, void and distortion was observed. At
the load level of 70%, matrix cracking and fibers pull-
out was observed, and matrix cracking was the
dominant mechanism.
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