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Abstract

The majority of failure cases may occur because of the wrong selection of inappropriate material in the
manufacture of wind turbine blades. Composites are used to increase reliability and reduce wind turbine
manufacturing costs. Therefore, this research focuses on comparing the use of Epoxy S-Glass UD and Epoxy
Carbon UD as manufacturing materials for wind turbine blades using 3D finite element analysis; to find out
which of these materials have the best performance for its use as a manufacturing material for wind turbine
blades. The distribution of Von Mises stresses in wind turbine blade models was investigated using Epoxy S-
Glass UD and Epoxy Carbon UD under the wind loads that affect the blade of the turbine. The results showed
that the value of the maximum stresses in the epoxy glass model was 3.495 x 107 Pa, while this value was in
the epoxy carbon model 4.0494 x 107 Pa. As for the value of the minimum stresses, it was in the epoxy glass
model 7431.8 Pa, while the value in another material model 17323 Pa. Therefore, it is not recommended to use
Epoxy Carbon UD as a manufacturing material for wind turbine blades, but it is recommended to use Epoxy S-
Glass UD, which reduces induced stresses and thus to prolong its lifespan.
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1. Introduction

The growth of the renewable energy sector is growing rapidly in the world, dedicated to increasing the trend
towards reducing dependence on fossil fuels [1]. Among the various sources of this renewable energy, there is
the wind, which is a clean, free and available source everywhere in the world [2, 3]. Large wind turbines are
widely used around the world to convert wind energy into curved motion [4]; it is then supplied either with a
generator or to operate machinery directly for purposes such as grinding grain, pumping water, etc. [5].

According to statistics published by the World Wind Energy Association (WWEA), the total capacity of all
installed wind turbines worldwide was 597 [GW] by the end of 2018. Hence the importance of reliance on wind
turbines in renewable energy generation [6].

Turbine blades are the most important component of wind turbines, where achieving durability, light weight,
resistance to wind loads and reducing gravity loads affect them are among the most important challenges facing
engineers working in the renewable energy sector [7, 8]. Consequently, composites are used to meet most of
these requirements, increase reliability and reduce wind turbine manufacturing costs, as well as being
environmentally friendly and recyclable [9, 10].

The finite element method has been used in many researches. Patel et al. [11] and EI Chazly [12] used finite
element analysis to predict static and dynamic performance of wind turbine blades. Kong et al. [13] studied the
fatigue lifetime of Epoxy E-Glass wind turbine blades by performing a 3D finite element analysis. Bazilevs et
al. [14] conducted a three-dimensional modeling of air movement around a wind turbine rotors and their impact
on the structure of blades manufactured from Epoxy E-Glass.

In literature, many types of materials has been analyzed for using in manufacturing of wind turbine blades
[15-18]. To our knowledge, this is the first investigation that focuses the comparison between the use of Epoxy
S-Glass UD and Epoxy Carbon UD as manufacturing materials for wind turbine blades using 3D finite element
analysis. The essential importance of this research is to overcome the majority of failure cases that may occur
because of the wrong selection of inappropriate material in the manufacture of wind turbine blades by studying
the stress distribution in wind turbine blades using 3D finite element analysis. Therefore, the aim of this
research is to find out the composite material that has the best performance for its use as a manufacturing
material for wind turbine blades.

2. Materials and Methods
2.1 Modeling and meshing

The 3D model was established using Autodesk® InventorTM software as shown in Figure 1.a for a wind
turbine blade structure with a length of 10000 mm. The diameter and length of the hub are 800 mm and 1500
mm, respectively. The root and tip chord length are 1480 mm and 500 mm respectively as shown in Figure 1.b.
The model was then exported to the ANSYSTM software to perform the finite element analysis (FEA).

Tetrahedron elements are used in the finite element analysis. The mesh consisted of 24871 nodes and 13017
elements as shown in Figure 2.a. The mesh is refined and accepted when the relative errors are less than 1% to
ensure the accuracy of the analysis. Therefore, this mesh consists of 125214 nodes and 461654 elements as
shown in Figure 2.b.

2.2 Boundary conditions
The boundary conditions are defined as wind speed (V = 10 m/s), the rotor diameter of the wind turbine (D =

20 m) and air density (p = 1.29 Kg/m3). Applying the equation (1) to calculate the forces acting on the turbine
blade, we could find the following:
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These forces affect the surface of the flap and the edge of the blade as shown in Figure 3. The studied model
has been fixed at the hub area as shown in Figure 3.
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Fig. 1. The studied model: (a) 3D CAD model of the wind turbine blade, (b) the dimensions of the wind turbine blade
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Fig. 2. 3D Mesh: (a) before refining, (b) after refining
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Fig. 3. Boundary conditions
2.3 Material properties

In the present study, the two composite materials were considered an orthotropic taking into consideration
that the orthotropic materials do not have uniform mechanical properties in every direction [19]. The fiber plies
in Epoxy S-Glass UD and Epoxy Carbon UD are orientated multidirectional and alternated with fiber
orientations of 0 and 90 degrees as shown in Figure 4. Table 1 shows a summary of the mechanical properties
of Epoxy S-Glass UD and Epoxy Carbon UD composite materials.
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Fig. 4. Ply orientation of composite materials used in this study
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Table 1. Mechanical properties of composite materials used in this study

Composite material Plane Elastic modulus Shear modulus Poisson’s ratio
E [GPa] G [GPa] v
Epoxy S-Glass UD XX 50 - -
vy 8 - -
7z 8 - -
Xy - 5 0.3
yz - 3.84 0.4
Xz - 5 0.3
Epoxy Carbon UD XX 209 - -
yy 9.45 - -
7z 9.45 - -
Xy - 5.5 0.27
yz - 3.9 0.4
Xz - 5.5 0.27

3. Results and Discussions

The data obtained from the finite element analysis can be presented in a stress distribution map with a color
scale, which makes it possible to directly compare the magnitude and distribution of stress of various models.
These results demonstrate the relationship between the stress distribution in the structure of the wind turbine
blade and the materials of the studied models.

One of the theories most used to determine the stress is von Mises theory [20, 21]. Since the von Mises stress
is a combination of normal and shear stresses occurring in all directions [22], it is important to investigate it in
the structure of the wind turbine blade. Therefore, this theory has been applied to determine the stress
distribution in the structure of the wind turbine blade using both Epoxy S-Glass UD and Epoxy Carbon UD
composite materials.

From Figure 5, it is observed that the maximum stresses are concentrated at the hub area of wind turbine
blade, and that the area of maximum stress distribution in the Epoxy Carbon UD model (Figure 5.b) is greater
than in the Epoxy S-Glass UD model (Figure 5.a).

(a) (b)

Fig. 5. Distribution of the stress in the studied models: (a) Epoxy S-Glass UD model, (b) Epoxy Carbon UD model
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Table 2 shows the numerical results of the minimum and maximum values of von Mises stresses obtained as
a result of the applied loads defined in the boundary conditions. The maximum stress in the Epoxy S-Glass UD



38 A Comparative Study Between Epoxy S-Glass UD And Epoxy Carbon UD For Their Use
As Manufacturing Materials For Wind Turbine Blades

model was 3.459x107 Pa, while it was 4.0494x107 Pa in the Epoxy Carbon UD model. The minimum stress
value was 7431.8 Pa in the Epoxy S-Glass UD model, while in the other model it was 17323 Pa.

Table 2. Numerical results of minimum and maximum von Mises stress values in the studied models

Composite material Maximum stress Minimum stress
Epoxy S-Glass UD 3.459x10’ 7431.8
Epoxy Carbon UD 4.0494x10" 17323

By comparing the values of the maximum and minimum stresses resulting from the analysis taking into
account the maximum tensile strength values of each material (Epoxy S-Glass UD = 475x107 Pa, Epoxy
Carbon UD = 290x107 Pa), Epoxy S-Glass UD composite material shows better performance for using as a
manufacturing material for wind turbine blades.

The forces that the wind turbine blades are affected by vary between the pressure forces and the tensile
forces; in addition, there are the shear forces that these blades are affected by. Therefore, the use of a composite
material such as Epoxy S-Glass UD could help to distribute and dampen wind loads applied to the turbine
blades, resulting in low-value and unconcentrated stresses at a specific area, which improves the durability of
the wind turbine blade structure.

No earlier studies have compared Epoxy S-Glass UD and Epoxy Carbon UD for their use as manufacturing
materials for wind turbine blades. However, comparison of current results to prior studies may be instructive.
Seidel et al. [23] noted that great stresses are concentrated in the region of the wind turbine blade hub, Park [24]
also referred to the same result, which is in agreement with the presented results in this study.

Some limitations remain in this study and must be taken into consideration in the model in order to optimize
computational resources without affecting the essential analysis. Given that the proposed concept is based on
structural analysis, further research is required to perform computational fluid dynamics (CFD) and modal
analysis of wind turbine blade to compare different composites for their use as manufacturing materials for
wind turbine blades.

Nevertheless, as mentioned, the Epoxy S-Glass UD model presents a better mechanical behavior than other
one. It can efficiently distribute the applied load and present more homogeneous behavior of stress distribution
than the Epoxy Carbon UD model. That will enhance the durability of wind turbine blade and prolong its
lifespan.

4, Conclusions

This study compared, using 3D-FEA, the Epoxy S-Glass UD and Epoxy Carbon UD composites for their use
as manufacturing materials for wind turbine blades; to find out which of these materials have the best
performance. The Epoxy S-Glass UD model presents a better mechanical behavior than other one. It can
efficiently distribute the applied load and present more homogeneous behaviour of stress distribution than the
Epoxy Carbon UD model, which will enhance the durability of wind turbine blade and prolong its lifespan.
Further investigations of performing computational fluid dynamics (CFD) and modal analysis of wind turbine
blade to compare different composites are required to achieve a better understanding of their behavior.
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