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ABSTRACT 

 

The objective is to estimate the linear static and quasi-static response (dynamic 

response) of a small wind turbine. 

 

It is part of any design process to evaluate the dynamic response of a small wind 

turbine under different load conditions. There are different types of loads: static, cyclic, 

stochastic, aerodynamic and mechanical loadings. The dynamic response of wind turbines has 

to be analyzed for many different situations. Special attention is given to quasi static cycling 

where the loading varies slowly enough and the deflection of the structure is proportional to 

the loading. The assumption quasi static implies that the structure reached equilibrium even 

though some of its components are moving. Understanding of the dynamic response is 

primordial to avoid catastrophic failures of the rotor, the power train and the tower. 

 

 The analysis phase will consist of three different parts. The first part will be devoted to 

the definition of the quasi-static cycling loads. This will be done using SolidWorks/ANSYS 

software. The second part will consist in determining and analyzing the load stress and 

deflection distribution in the turbine structure. The last part will be a clear statement of the 

dynamic response of the wind turbine. The findings of this analysis will lead to improve the 

best layout of the wind turbine system 
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1 INTRODUCTION 

 1.1 Project Background 

 The motivation behind this project is to design and manufacture the first Moroccan 

wind turbine following the IEC standards. Dr. Bentamy and his research team are aiming to 

ensure that all steps of design, manufacturing and installation are done inside Morocco. This 

project will raise a new culture of energetic independence and open the doors in front of 

students and researchers from Morocco to develop and lead this sector. The added value here 

is to make green energy, namely wind energy, more available and attractive for Morocco. The 

research team are planning to use locally available materials, instead of importing expensive 

parts, to produce a cheap wind turbine, easy for manufacture and maintenance. [4] 

 The wind turbine is a small HAWT with three blades, each one with a length of 3.5m, 

and to operate under a design wind speed of 10.5m/s. Previous research justified the use of 

airfoil profile DU93W210 [5]. The following table summarizes the main parameters of the 

wind turbine. 

 

Design Parameter  Value 

Wind turbine generator rated power (W) 11,000 

Design wind speed (rated wind speed) (m/s)  10.5 

Assumed rotor aerodynamic power coefficient  0.449 

Number of blades  3 

Assumed total power coefficient  0.4 

Rotor radius (m)  3.5 

Design tip speed ratio 11 

Design angle of attack (in degrees) 4.5 

Air Density (kg/m3) 1.225 

Design rotational speed (rpm) 172 

Design Reynolds number 600,000 

Airfoil type DU 93-W-210 

Table 1: Small wind turbine design parameters 
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 Many students worked on this project as a capstone project or master thesis. Student 

Soukaina Mourchid successfully calculated the load spectra for the fatigue analysis of the 

structure as her final capstone project in fall 2016. Also, student Imane Dhaimi started the 

static analysis and made an attempt to calculate the stress and displacement distributions of 

the wind turbine in the same semester. 

 

 1.2 Capstone Project Description: 

 The objective of this project is to evaluate the different static loads applied on the wind 

structure and its respective behavior. Then, results will be extended to the cyclic loading for 

different load scenarios in different time intervals. 

 The initial load study is very critical to any structural analysis. It gives the impact of 

the mere weight of the structure, and thus determine if we need to redesign our wind turbine 

so it can support the loads applied. Then dynamic loads cases should be taken into account. In 

fact there are two main configurations need to be studied thoroughly: normal operation 

condition and extreme loads condition. In our case we will only include the normal operation 

condition, as there are so many complicated and distinct cases in the second scenario. 

 Stress, strain and displacement profiles are calculated using finite element method and 

computer software. We will use Solidworks simulation toolbox to perform both analyses. In 

addition boundary conditions and load forces should be applied on the structure. Moreover, 

the connections between different parts of the geometry should be well defined to reflect a 

more accurate computational model. 

 The second phase will consist of three different parts. The first part will be devoted to 

the definition of the quasi-static cycling loads. This will be done using SolidWorks software. 

The second part will consist in determining and analyzing the load stress and deflection 

distribution in the turbine structure. The last part will be a clear statement of the dynamic 

response of the wind turbine. The findings of this analysis will lead to improve the best layout 

of the wind turbine system 

 

 1.3 STEEPLE Analysis 

  STEEPLE analysis is a strategic planning tool used to analyze the external environment 

for an organization or a project. It gives profound insight of how the macro-external 

environment will be affected by the project or the organization, and how those impacts can be 



 11 

improved. It also offers ideas on the future work needed [1]. Following are the different 

factors of STEEPLE analysis and how my project can have significant impact on those areas:  

 

 1.3.1 Social 

 Developing renewable sources for energy in Morocco will open new jobs position in the 

country and thus reducing the rates of unemployment. In addition, this evolving interest in 

green energies will push more households to implement their own resources at their homes 

and become energy independent. Also, the price of energy is expected to drop off if we 

succeed to develop efficient energy plants, this will have significant impact on the monthly 

bill of the citizens. Remote areas will also benefit from this energetic revolution. Installing 

small plants in those locations is simpler than installing conventional plants, and it will 

respond to the demands of these areas.  

 1.3.2 Technological 

 Wind turbines involve different aspects of science and technology. Therefore, this 

project has considerable impact on the technical field. It touches electricity, mechanics, 

electronics, materials science and many other areas. Developing reliable renewable energy 

will push scientific research in these fields and gather more scientists, educators and students 

to improve this technology in Morocco. In my project, I will be using two modern software to 

evaluate and analyze the response of the structure under different load conditions. An accurate 

analysis is based on thorough understanding of finite element analysis and meshing 

techniques, as well as good command of these software. Results of this analysis will save 

significant work in future analysis of the same structure or similar structures. 

 1.3.3 Economical 

 (In a country where 95% of energy was imported until 2013). Introducing renewable 

energies and expecting it to cover 42% of electricity production only from those resources is 

an economically beneficial for the country. It is true that such huge projects require colossal 

initial investments, however its long term impact is enormous. The Moroccan government 

registered a fall of 57.9% from 2008 to 2009 in its oil bill subsidies thanks to its strategy of 

developing its own green energy plants [2]. (Add more info, new industries, export, job 

offers) 

 1.3.4 Environmental 
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 One of the most driving forces that helped renewable energy and especially wind energy 

to emerge in the markets, is to preserve and protect our environment from the damage caused 

by conventional energy plants. 

 1.3.5 Political 

 The Moroccan strategy of green energy allowed the country to gain regional and 

international praise. Many well-known media interfaces had emphasized on the fact that 

Morocco is becoming a leader in the world of green energy. Adopting this strategy improved, 

as well, diplomatic relations with many developed countries. 

 1.3.6 Legal 

 Morocco has established in February 2010 the so-called law 13-09 to control and govern 

the renewable energy sector. The law, which consists of 44 articles, plans to act in synergy 

with the national energy policy and intervenes to develop, adapt the renewable energy sector 

to future technological developments and encourage private initiative [3].  It is worth to 

mention that the small wind turbine we are working on is going to be the property of IRESEN 

or one of its partners.  

 1.3.7 Ethical 

 Working on such projects requires that all partners, stakeholders and industry people 

respect a certain code of ethics and behavior. Any trespass of such code may cause to civilians 

and technicians harm in the future. 

 

 

 1.4 Previous Work  

 Previously, a structural analysis was conducted by student Imane Dhaimi in Fall 2016 

to determine the dead load stress on the small wind turbine. The loads applied on the wind 

turbine were its mass (1264 Kg), Thrust (4.102 KN), torque (321 KN.m) and a drag force of 

21.31 KN. Results involved von Mises stress, strain and displacement distribution. However, 

those results were questionable as they indicated an expected structural failure at the stage of 

the main frame. 
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2 METHODOLOGY 

 The capstone project consists of two phases. The first phase consists of solving the 

geometry issues and resolving any interference between the parts, as well as defining the 

adequate mates and connections. After that we will run a static analysis and determine the 

right behavior of the structure under its mere weight. The second phase consists of evaluating 

the dynamic response of the turbine under cyclic loadings in different time intervals. 

 In the first phase, we will go through different steps. First, we fix the geometry and 

connections. We define gravity force and apply fixed geometry on the bottom of the tower. 

We mesh the turbine and use different configurations for different parts. Finally, we define the 

materials used and run the simulations. A considerable time will be allocated to 

troubleshooting the errors of the software and refining the model. 

 The second phase consists of redefining the different load scenarios and then following 

the same steps as the previous step. Next, we will run our simulation to evaluate the stress, 

strain and deformation profiles. We will add one extra step to define different time intervals 

with different loads. The results of this phase will give us an idea on critical sections of the 

wind turbine that will undergo considerable stress and deformation under normal operation 

conditions, and might experiment a structural failure. If any such section is found, we should 

refine the design of our structure and make it more reliable to support the wind loads. 

 

 

 

 

  



 14 

 

 

 

3  LITERATURE REVIEW 

  

3.1 Structural analysis 

 Any structure sustains various kinds of loadings during its operation and installation 

states. In our case, the small wind turbine is designed to support its own weight and the loads 

of the wind during normal operation conditions [6]. Dead loads distributions should be 

addressed and analyzed carefully before moving on to any other kind of loads. There are 

many cases in the wind industry where underestimation of dead loads or considerable errors in 

calculations lead to structural failure of the turbine while erecting it. 

 One example of such failures is the incident occurred in December 17th, 2014 in Kansas 

USA. Figure 1 shows the failure of the structure at the level of the tower. 

 

 
Figure 1: Wind Turbine Collapse in Kansas, USA 

 These failures may cause human damage and considerable financial losses. Therefore, 

we decided that we run exact simulations to get approximate solutions of the real model. 
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Ideally, a proper analysis should include all the details of the turbine structure, such as exact 

characteristic of the bolts, proper fixtures, connections and mates… Nevertheless, an 

approximation of the model will yield acceptable results and won’t introduce considerable 

errors into the stress and strain distribution. 

 

 3.2 Computational Method  

 The Finite Element Analysis (FEA) is a very useful numerical tool to predict the 

behavior and characteristics of models in engineering and mathematical physics. Problems 

include heat transfer, solid mechanics, transport phenomena and fluid flows. The complexity 

of these problems resides in their analytical solutions that require solving boundary value 

problems of partial differential equations with huge amounts of parameters and degrees of 

freedoms. The complex geometry and local differences play as well an important role in the 

difficulty of finding analytical solutions. [7] 

  The finite element method takes the geometry and divides it into small simpler parts 

and apply the same governing equations. The result is a much simpler finite number of 

algebraic equations. However, depending on the complexity of the equations, boundary 

conditions and geometry, this method yields to huge amounts of equations that cannot be 

solved manually. Hence the use of software programs for such problems is a must. In our 

case, we will use SolidWorks Simulations to obtain stress and strain profiles. 
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Figure 2: Stress Distribution of wind turbines 

 Figure 2 represents stress distribution in the blades of a wind turbine. This representation 

gives more insightful results on the behavior of the structure than analytical solutions. There 

are many other advantages of using FEA in complex engineering problems such as [8]:  

• Accurate representation of local effects 

• Easy and insightful representation of total solution 

• Possibility of defining different materials for different parts 

• Appropriate representation of complex geometries 

We start first by dividing the original domain into smaller simpler subdomains and applying 

the same governing equations locally to approximate the original problem. Then after that we 

recombine the equations of the subdomains into a global system of equations and solve them. 

There many approaches to carry on the computations and get a final numerical answer. [9] 

This process tries to eliminate all the spatial derivatives of the partial differential equations 

and approximate them with the steady state algebraic equations as well as another set of ODEs 

for the transient mode [10]. 

 FEA is known to be extensively used in the development and improvement of wind 

industry, especially when analyzing the turbine’s structure and blades. For instance, it helps in 

determining natural frequencies, stress and strain distributions and tip deflections [11] 

…. 
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 3.4 Meshing 

 Mesh generation is a critical step in any finite element analysis. It consists of dividing 

the general model into two dimensional polygonal grids or polyhedral in the case of three 

dimensional. Using this technique we can approximate the original geometry into a set of 

subdomains. These subdomains are referred to as elements which are connected at common 

points called nodes. One can look at this process as a kind of discretization of the geometry. 

 

 
Figure 3: Domain Decomposition for a typical wind turbine  

 

 3.5 Solidworks Simulations 

 Soldiworks is using a CAD tool to help engineers and researchers to test their models 

and make better decisions to improve the accuracy of the calculations [12]. Structural analysis 

is also supported by a variety of tools. In our case we are more interested by static analysis. 

This tool is based on FEA explained previously. The simulation toolbox uses displacement 

method of the finite element analysis to compute stress, strain and displacements under 

external and internal forces. There are three options for the choice of elements: 3-D 
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tetrahedral, 2-D triangular and one dimensional beam elements [13]. For the solution step, we 

can either choose the iterative method or direct sparse. 

 Solidworks has an automatic mesher that generated a mesh with standard global size, 

and tolerance. Nevertheless, the software allows mesh control to specify different parameters 

for different faces, edges and bodies [13].  

 

   
Figure 4: Triangular element (2D)  Figure 5: Tetrahedral element (3D) 

 

       Tetrahedral elements are used in solid meshing. It gives more accurate results but it 

requires more computational capacities of the machine and more time. On the other hand 

triangular elements are used for shell meshing, i.e. when the parts are thin enough to consider 

them as sheets without thickness. This method is faster, but if not used properly, it might yield 

to inconsistent results. Figure 4 and 5 represent the difference of the two elements geometries.  

 Another important feature of Solidworks meshing tools is the incompatible meshing 

option. When this latter is used, touching bodies are not required to share the same nodes at 

the touching faces and edges. It is more accurate to use compatible meshing, however 

sometimes it might fail at some regions. Hence there is the possibility of using incompatible 

meshing. 

 Mesh quality can also be set to draft or high quality. The former gives a quick insight 

into solid models with low bending and displacements, the latter gives more accurate results, 

and is recommended in most cases [14]. We can also choose between standard and curvature 

based mesher. Standard mesher is used for simple geometries, and it uses Voronoi-Delaunay 

meshing scheme for following operations. Curvature based creates more elements near higher 

curvature areas without mesh control [14]. In the new version of Solidworks 2016, there 
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another type of meshing: Blended Curvature Based meshing. Usually this option is used when 

both previous methods failed for some reason. 
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4 RESULTS 

4.1 Wind turbine geometry  

  This project is based on a small wind turbine geometry with three blades created using 

Solidworks. As it can be seen from figure 6, the model is simplified and not complete. Many 

parts that won’t affect our analysis were suppressed, for instance the nacelle and the hub. 

Figure 7 illustrates the three blades and the main frame of the wind turbine. 

       

 Figure 6: Small Wind Turbine Geometry  Figure 7: Blades and Main Frame 
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 Figure 8 illustrates the tower of the structure. It 

consists of three parts, with decreasing diameter as we go 

towards the main frame. Each part is 6 meters tall. The 

overall weight of the tower is 1264 Kg. 

 

 

 

 

 

 

The following table summarizes the materials used for each component of the wind 

turbine. Defining the materials in the software is necessary to get accurate simulation results:  

Component Material Name Properties 

Tower 
Non-Alloyed Structural 

Steel S355JR 

Predefined in 

Solidworks 

Main Frame 
Medium Carbon Steel 

 

Predefined in 

Solidworks 
Main Shaft 

Coupling 

Bolts Stainless Steel 

 

Predefined in 

Solidworks Bearing Housing 

Blades E-Glass fiber 

Density 1850 Kg/m3 

Ultimate tensile 

strength 313 MPa 

Young’s Modulus 

27.78 GPa 
Table 2: Materials used for each part 

Figure 8: Structure’s Tower 
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4.2 Static Analysis 

 The first analysis to be run is the static one. This is the basis of the following 

simulations as we will only change the loads in the subsequent analyses. At this stage, we will 

only apply the weight of the wind turbine as an external load. [Add information][] 

Figure 9 illustrates how we can start such analysis: 

 

Figure 9: Starting a static analysis with Solidworks 

 

4.2.1 Fixtures 

Solidworks offers a variety of options when it comes to setting the boundary 

conditions and fixtures. In our case, the only boundary condition is that the bottom tower is 
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fixed by its foundation bolts to the bottom plane. For simplicity purposes, we will assume that 

the bottom face of the bottom tower is entirely fixed as shown in figure 10. 

 

Figure 10: Applying fixed support on bottom tower 

4.2.2 Connections 

We use this property to define the interactions between faces, edges and vertices in 

multibody assembly. There are two ways of defining such interactions, we either use global 

contact for the component contacts, or we can manually select each face, edge and vertex and 

define the type of interaction at this stage. The automatic global contact detects the touching 

entities and apply the specified interaction. We can either choose bonded, allow penetration, 

shrink fit or virtual wall contact. For our structure, we will define all entities to be bonded to 

their neighboring parts. First, we tried the global contact, however the software did not 

successfully detect all necessary bindings, so we had to manually define the bonded 

relationship for the parts that failed to mesh.  

It is worth mentioning that this step is critical for the overall analysis, and any flaw in 

the connections will result in an unsuccessful meshing in the subsequent steps. For our case, 

we worked with trial and error. Each time we had to go back and change the contact set 
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bonding so that the meshing can run over the structure. Figure 11 shows the different bonding 

defined in our geometry. 

 

Figure 11: Applying connections 

4.2.3 Meshing 

To create the mesh, we chose curvature based meshing because of the complexity of 

the different parts consisting the assembly. The same solid mesh configuration was applied to 

all bodies except for slewing bearing and blades. Figure 12 demonstrates the different 

parameters used for the general mesh. 

 

Figure 12: Meshing parameters  
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For Slewing bearing, coarse elements were successfully meshed. On the other hand, due to 

their thin geometry especially at the tip, the blades needed more fine meshing. Figure 13 and 

14, respectively, shows the details of these mesh controls. 

 

       
Figure 13: Slewing Bearing mesh parameters               Figure 14: Blades mesh parameters 

 

 After many attempts and errors, we finally successfully meshed the whole structure. It is 

worth mentioning that we used incompatible meshing option so that we can run the meshing, 

even though this option is less accurate. Results are presented in figure 15 and 16. 

 

 
Figure 15: Mesh results of the structure 



 26 

 

 
Figure 16: Blade Mesh 

 4.2.4 Running the study 

 After going through all the previous steps, we run our study using FFE Plus solver. It 

keeps iterating until the errors in calculations are small enough. Because our study contains 

more than 1,000,000 degree of freedom, it is more convenient to use this type of solvers. 

  4.2.4.1 Stress (Von-Mises) 

 The stress profile applied on the structure ranged from a minimum of 17.81 Pa in the tip 

of the blade parallel to the tower, and a maximum of 13.4 MPa in the main shaft. These results 

have the same magnitudes as other findings of similar research projects [16] [17]. The 

following figure gives the distribution of the stress.  
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Figure 17: Stress Profile 

  4.2.4.2 Strain 

 The strain profile ranged from 2.73 * 10-10 to 4.02 * 10-4. The maximum and minimum 

were at the same places as the stress plot. Figure 18 gives more details. 

 

 
Figure 18: Strain Distribution 



 28 

  4.2.4.3 Displacement 

 The displacement distribution showed that the structure will not be significantly 

affected. As expected the maximum displacement will occur at the tip of the lower blade 1.5 

cm, and a minimum of 10-30 mm at the root of the bottom tower. The deflection of the blade 

tip is due to the aero-elastic nature of this part of the structure at steady state. Figure 19 

summarizes the results. 

 

 
Figure 19: Displacement profile 

 

 We can conclude from the static analysis that the wind turbine can withstand its load, 

furthermore the deformation of the different components was within the acceptable range. 

[can you cite this?]  

 

4.3 Quasi-static analysis  

 We are concerned in this part by the cyclic loads that varies in a regular manner. 

Normally this type of loads is associated with the rotation of the rotor [18]. We will follow the 

same steps as the static analysis. However, this analysis is carried out using a new toolbox 
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introduced in Solidworks starting 2015 version [19]. This tool allows engineers and 

researchers to evaluate the effect of different load cases quickly and efficiently. Figure 20 

illustrates how we can launch such analysis. 

 

 
Figure 20: Starting a load case analysis 

 The purpose of this analysis is to evaluate whether or not our small wind turbine will 

withstand the aerodynamic loads during normal operation conditions. Our results are 

approximate since we are simulating the different loads of different time intervals using static 

analysis. Also, we used a force couple equivalence to transform the distributed loads on the 

blades to the root of the blades. However, it is a good indication of dynamic response of the 

wind turbine under cyclic loading.  

 We had to carry out this analysis because the inertial forces account for an important 

portion of the loads applied on the whole structure. On the other hand, we were able to 

perform this approximation because we can assume that the displacements of the structure are 

small enough even though the load and response are time varying [22]. 

 We used FAST software to generate the aerodynamic loads on the wind blades for 

different wind speeds. We took five different loading groups centered about 3, 5, 7, 9 and 11 

m/s respectively. And we applied the three force couple components at the root of the three 

different blades. APPENDIX A summarizes the 5 scenarios. Each scenario involves 10 

different wind speeds timely spaced by 1 second each. We will explore in the following the 

dynamic response of the structure with 10 wind speeds centered around 9m/s.  Table 3 

illustrates the different cases for the fourth scenario (wind speeds are centered around 9m/s)  
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Table 3: Load cases for the 4th scenario 

Figure 21 illustrates the wind speeds covered by this 50 seconds’ analysis 

 

 
Figure 21: wind speeds covered 

Figure 22 illustrates how we applied the forces and moments on the root section of the blade. 

 

 
Figure 22: Applied loads on the root of the blade 

 After generating all the 50 load cases, we superpose the results of stress and deformation 

profiles to see the overall behavior of the structure as well as local effects. Maximum 

0

5

10

15

20

0 10 20 30 40 50 60w
in

d
 s

p
ee

d
 i

n
 m

/s

Observations (s)

Wind speed at different times



 31 

displacement occurred at the tip of the blade with 18 cm of deformation. This value conforms 

with previous studies’ findings [20]. Figure 23 and 24 are the respective distributions of stress 

and deformation of the wind turbine at 14.12 m/s. 

 

 
Figure 23: stress distribution for aerodynamic loads 

 

 

 
Figure 24: deformation distribution for aerodynamic loads 

Critical stress concentrations happen in the generator shaft and in the bottom flange of the 

structure’s tower. Indeed, when checking the safety factor using Von-mises criterion we found 

out that the structure will fail at the bottom. Therefore, we need to find out how we can 

reinforce the structure to support those loads. From literature, we found out that this problem 

can be solved either by thickening the lower part, or by changing the materials at the very 

bottom of the tower. Instead of using structural steel, we can use a hybrid between steel and 
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concrete [21]. Figure 25 illustrates how the bottom of the tower is vulnerable to structural 

failure. 

 

 
Figure 25: Safety factor at the bottom of the tower 

As we can see, the factor of safety at this region is in the range of 106. Solidworks uses 

maximum Von-mises stress criterion, which is defined as 

      1  ≥ 𝜎limit / 𝜎 vonMises     (1) 

 

Where von mises stress is defined as the following 

                                      (2) 

 

4.4 Frequency Analysis  

 Analyzing the loads applied on a structure and the generated response are not enough 

to conclude that we are safe. A frequency analysis is always a must, especially when we have 

moving parts and large structures, as it is the case for us. Solidworks uses an Eigen value 

approach to determine the natural frequencies of any structure. Those findings help us to 

check whether or not those modes of vibrations are going to coincide with external vibrations 

coming from other factors such as the loads [23].  
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 For our case, there are three types of frequencies that need to be analyzed carefully and 

compared with each other. The first one is blade passing frequency, which is the frequency at 

which a specific blade will pass from a fixed position, and it equals the rpm of the rotor times 

the number of the blades. The second frequency is the rotor frequency, which is the rate at 

which the rotor turns. Finally, there is the tower frequency which is calculated based on its 

geometry and materials used. If one of these frequencies coincide, harmonic resonance may 

occur and therefore excessive loading for long periods of time can lead to structural failures. 

Here we will be concerned mainly with tower frequency and rotor frequency. 

We know how to calculate the rotor frequency for a speed varying with turbine with constant 

tip speed ratio. 

 

      fr = 
6∗𝑉

2𝜋∗3.5
     (3) 

 

We know that our small wind turbine will operate between wind speeds of 3m/s and 15 m/s. 

Thus, the range of the rotor frequency is as below: 

0. 82 𝐻𝑧 ≤ 𝑓𝑟,𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ≤ 4 𝐻𝑧   (4) 

At this stage we need to see if the operating rotor frequency will match the lowest tower 

frequency.  In general, towers are classified as soft-soft, soft-stiff or stiff-stiff. This 

classification depends on the tower’s lower frequency. This latter will be less than rotor 

frequency, between rotor frequency and blade passing frequency or greater than blade passing 

frequency, respectively. Modern wind industry opts for either soft-soft or soft-stiff designs 

because it will save them a lot of money and enhance their structure. Using Baumeister’s 

equation, we can calculate the tower’s lowest frequency. PhD student, Lhoussaine Tenghiri 

already did that using Matlab code provided by Clifton Smith and Wood [24]. 

-  For the tower and the turbine (first method): 0.546 Hz; 

-  For the 0.23*tower + turbine (second method): 0.828 Hz; 

Using Solidworks frequency analysis tool, we were able to confirm those results. Figure 25 

shows the first 12 modes of the tower calculated by the software.  
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Figure 26: First 12 modes of vibrations for the turbine’s tower 

 As we stated before, we are only interested by the first mode of vibration because it is the 

dominant one. We found a value of 0.5 Hz. 

 Based on those results we can see that our wind turbine is a soft-soft structure. 

However, we need to keep in mind that during low wind speeds, below 3 m/s, resonance 

might happen between the rotor and the tower. Fortunately, with those low wind speeds, the 

generated thrust is small therefore there will be no serious damage to the structure. 

Nonetheless, a more thorough study is needed to evaluate accurately the effects of resonance. 

Also, during starting time, we need to quickly pass this low wind speed critical region.  
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5 CONCLUSION 

We can conclude from this initial analysis that our structure is safe except for the 

bottom flange of the lower part of the tower. Reinforcements are needed in that region either 

by changing the materials or thickening this part. 

Our wind turbine is considered to be a soft-soft structure due to the previous 

optimizations carried out by Dr. Bentamy’s research team. We found out that no significant 

resonance will happen between the rotor and the tower due to the low thrust applied on the 

structure in those scenarios 

 Different analyses were run using Solidworks software and they were compared with 

previous studies’ findings as well as theoretical values. Those computational methods, such as 

Solidworks, as well as finite element analysis save us a lot of time on tedious work with 

sophisticated PDEs and provide us with quick tools with high accuracy to depict the behavior 

of different structures under different loading scenarios. It also saves us a lot of money wasted 

on real prototypes. We were able to visualize our results in a meaningful fashion. 
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6 FUTURE WORK 

 Our results were limited by many factors. First, the geometry had many problems and 

needs to be refined and fixed before any further analysis is done. In addition, better 

computational facilities would have been made our task easier. Those kinds of simulations 

require heavy calculations and large machine memory. Also, there are other software that 

provide a wider range of simulations with better results such as ANSYS Workbench. 

 On the other hand, a more accurate full dynamic analysis is still needed before 

concluding that our structure is safe. In this project, we had to make a lot of simplifications 

and relaxations due to lack of time and experience. Future work might take this project as 

starting point to explore more studies and make more reliable conclusions. 
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