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Abstract – This work represents a comparative study of a 
numerical simulation of frequencies and fundamental modes 
of flapping vibration, drag and torsion of the two blades of a 
small wind turbine, a single one and another with optimum 
blade design. The objective of this study is to understand the 
behavior of two types of blades subjected to various 
canvassing.  The results reveal that the various canvassing 
and maximum displacements are located at the end of the 
two blades; in fact, the results show that a single blade has 
higher frequencies than   twisted one but does not undergo 
large displacements in comparison to twisted blade. 
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I.  INTRODUCTION  
 
A wind turbine is a machine for converting wind kinetic 

energy into mechanical one by conversion of forces from 
aerodynamic origin into engine torque.  However, the 
aerodynamic forces are also not the only stress to be 
applied on a wind turbine during operating.  We also must 
consider the origin of inertial forces (gravity, centrifugal 
force, etc ...), number of previous work in this subject 
have been achieved, studies in references [1,2] were 
referred to the modal analysis of small wind turbine 
blades.  A blade can be modeled as a fixed beam; the 
various canvassing applied impose its verification by 
statics study, dynamic and frequency.  The 3D model 
created from different tables used for the application of 
various loads [2].  A finite elements’ model was 
developed by Ahlström [3] Patricio Lillo and Curran 
Crawford [4] for the dynamic responses simulation of 
horizontal axis wind turbines. The aerodynamic model 
used for the care of the airflow field on the blades is the 
model of the blade blade / time, and the non-stationary 
aerodynamics and modeling of dynamic stall, he used a 
Dynastall subroutine.  The comparison results obtained by 
simulation with experimentation measurements have 
shown that the model can predict aerodynamic response in 
case of normal and extreme loads. [5] Patricio Lillo and 
Curran Crawford [4] study elastic origin forces applied to 
the blade such as the strains and stresses. And the fluid-
structure interactions that are presented in references [5, 
6]. In this article we will present the different results 
obtained by numerical simulation for two blade types 
from the various geometric parameters of the latter [7], 
explaining each case. 
 

II.  APPROACH 
 

The work consists of two stages: 
1. Modeling of the two blades (single blade paddle and 
with optimal design); 
2. Static review of the fundamental modes and frequencies 
for both models of the proposed blades. 
 
III.  M ODELING A SMALL WIND TURBINE ON AN 

HORIZONTAL AXIS 
 

The figure below shows a small wind turbine with a 
rotor facing into the wind with three blades with a radius 
of 3 m, the platform is supported by a tubular steel mast of 
25 meters high.  The study of flexible or rigid structures’ 
behavior such as wind turbine blades generally uses 
resolutions based on finite element type model.  It is used 
to record, analyze and evaluate the frequencies and modes 
of oscillation and to optimize these elements structure. 
The latter allow a detailed description of blades’ 
movement interacting with the wind, taking into account a 
large number of structure modes. 

 
 

Fig. 1. The small wind turbine description 
 

IV.  BLADE M ODELLING  
 

4.1 Blade Overview  
In [7] a study was conducted to analyze the 

aerodynamic behavior of two types of blades; a twisted 
blade with variable rope and another single, in order to 
show the effect of some geometrical characteristics of the 
blade on its behavior while operating. 
4.1.1 Simple Pale at a Constant Rope [7] 

- Rope: C (r) = 0.2120 m; 
- The twist angle: β (r) = 0; 

      - Profile used : NACA 0012; 
      - Blade material : Aluminum alloy; 
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4.1.2 Optimal Form Blade [7] 
- The distribution of the rope length C (r) as a 
function of the radius r; 
- The distribution of the twist angle β (r) as a function 
of the radius r; 
-  Profile using NACA 0012; 
-  Blade material: Aluminum alloy; 

4.2 Blade Modeling  
Solidworks is a solid modeling software. It enables the 

design of three-dimensional objects and visualization in 
realistic form, this is CAD software (Computer Aided 
Design), it is used by industrial field professionals.   

With Solidworks, we can model the two small blades 
that we used in the aerodynamic study, an optimum shape 
blade and another simple, as shown in the two figures 
below were divided both blades in nine blade elements. 
4.2.1 Establishment of an Aerofoil 

A simplistic approach is to consider a wind turbine 
blade looks and behaves as an airplane wing. For the 
construction of a blade we created nine parallel planes 
equidistant of 298 mm. coordinates (x, y) were recovered 
of the points characterizing the contour of a wing cross 
section NACA 0012 [8, 9] profile type, by using 
geometrical data in the reference [7] we have succeeded in 
modeling the two variants of the blades shown in Fig (2) 
and (3). 

 
Fig. 2. Single pale 

 

 
Fig. 3. Optimal shape Pale 

 
The assembly of the three blades gives us the wind rotor 

shown in Fig (4) and (5) 

 
Fig. 4. Wind rotor of three simple blades 

 

 
Fig. 5. Optimal form wind rotor 

 
V. DIGITAL SIMULATION RESULTS 

 
5.1 Static Analysis "Distorted Modal" 

Apart from the influence of aerodynamic forces on the 
blade, a static comparative study between two types of 
blades, where we discover the geometry effect on the 
blade behavior, and knowledge of the most sensitive areas 
on the blade. Three distinct movements are considered in 
the case of a wind turbine blade: flapping, drag and 
torsion. We will present the canvassing to which both 
blades variants are subjected.  The three-dimensional 
representation of the specific deformation of both blade 
wind turbines types is more explicit by this comparative 
study.  The simulation results show the influence of the 
blade model choice and its geometry, by the following 
figures that illustrate the first five modes of vibration and 
the natural frequency of each type of blade.  The first 
visualization of these modes shows the big difference 
between the stressed areas by the deformations 
irrespective of the flapping, and the drag torque for both 
types of blades. 
5.1.1 1st Flapping Mode 

The figures below illustrate the first flapping mode of 
the two blades. 

 
Fig. 6. 1st Beating mode of a simple blade 
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Fig. 7. 1st Flapping mode of an optimal shape blade. 

 
5.1.2 2nd Beat Mode 

The Fig (8) and (9) represent the 2nd flapping vibration 
mode of the blade. 

 
Fig. 8. 2nd Flapping mode of a simple blade 

 

 
Fig. 9. 2nd Flapping mode of an optimal shape blade. 

 
The first display of these modes shows that the tip of 

the blade is the most stressed by deformations, the most 
loaded area after the end is the middle of the blade in both 
types but the deformation of the twisted blade is more 
important than a single blade, for the frequencies it is the 
opposite. 

 
 

5.1.3 3rd Flapping Mode 
Fig (10) and (11) give the 3rd beating mode of vibration 

of two blades. The first observation in the figures below, 
which shows that the affected areas are the same in both 
cases, but with different intensities. 

 
Fig. 10. 3rd flapping mode of a simple blade 

 

 
Fig. 11. 3rd flapping mode of a blade with an optimal 

shape 
 
5.1.4 Drag 

Fig (12) and (13) represent the drag mode, noting that 
the same areas in both blades are affected, but always with 
different intensities. 

 
Fig. 12. The drag of a simple blade 
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Fig. 13. The drag of an optimal shape blade. 

 
5.1.5 Torsion 

Fig (14), (15) below represents the first torsional mode 
of the two different blades. The blade end is the first 
affected part in both blades, the same areas in the two 
blades have undergone torsion, but according to the 
results obtained, the twisted blade is the most stressed 

 
Fig. 14. The torsion of a single blade 

 

  
Fig. 15. The twist of an optimal shape blade. 

 
 
 

5.2 Results of the Natural Frequencies 
From the numerical simulation and the preceding 

figures, we summarized the first ten frequencies of the 
two types of blades in Fig (16). Noticing that the 
frequency of a single blade is greater than that of a 
variable-string twisted blade that the figure clearly shows 
(16). 

 
Fig. 16. The first ten frequencies of the two blade types 

 
VI.  CONCLUSION 

 
This study allowed us to determine the frequencies and 

fundamental modes of vibration of two types of blades in 
flapping, drag and torsion. Overall, the results show that 
the various stresses and maximum displacements are 
located at the ends of two blades. We revealed that the 
displacements are very important in the variable-string 
twisted blade comparing to that of a simple blade but with 
lower frequencies comparing to the simple blade. 
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