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Abstract – In the present study, steel structural  wind turbine tower with design configurations is analysed 

using ABACUS CAE 2022 FEM modelling. Tower of 73m heights is considered and investigated with 

dynamic parameters, mechanical design options. Structural and dynamic analyzes of the wind turbine, 

which is thought to be built in the Mamurdağ location of Samsun İlkadım District, has been tried to be 

analyzed using the Finite Element Method.The main purpose of this study is to numerically examine the 

dynamic behavior of the wind turbine under the existing ground conditions of Mamurdağı for the Wind 

Turbine. The turbine preferred as a model in this study is the 73m high 800Kw wind turbine belonging to 

Enocon Company. Modeling was made in the light of the technical data of the relevant company. While 

the numerical model was being created, the blades of the wind turbine and the nacelle-rotor system were 

not modeled, but the actual weight, corresponding to approximately 81 tons was applied as a load to the 

system. In the last part of the article, the dynamic properties of this 73m high tower are examined to obtain 

the natural frequencies and mode shapes. As a result of the analysis, 5 different mode shapes, frequency 

and period values of the wind turbine planned to be built were obtained. According to the modal analysis 

results of the wind turbine, the result of the dominant frequency was obtained as 0.72327 (cycles/time). 

First Mode is in the y-x plane so this is the lateral movement in this direction. 
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I. INTRODUCTION 

 

In todays world with the development of 

technology, the increasing energy demands are 

reaching different dimensions day by day. The fact 

that a large part of the energy need is obtained from 

fossil fuels and the existence of a certain amount of 

reserves of these fuels has led human beings to new 

and renewable energy sources [27]. One of the most 

important renewable energy sources is wind energy. 

Today, it is an energy type that shows the fastest 

development in technology and usage area and its 

economy can compete with conventional energy 

sources.Since the process of generating electrical 

energy from wind energy is independent of carbon 

production, that is, it does not cause atmospheric 

pollution, this source is also described as "clean 

energy”. For this reason, it is very important to 

spread the use of wind energy, which is one of the 

renewable energy sources. The general definition of 

wind turbines is that they are energy converters that 

convert the kinetic energy in the moving air into 

electrical energy in energy conversion. It consists of 

a system connected to the rotor part and support 

towers that also support the power transmission and 

control systems[26]. Since it is a renewable energy 

source, the use of wind energy minimizes 

greenhouse gas emissions, which we know about 

the harmful effects on the environment. In this case, 

the rate of environmental degradation decreases. 

Wind energy is a clean and affordable solution to 

meet a large part of this energy demand. At present, 
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wind energy is widely used, and the basic 

technology is developing very quickly. Wind speed 

and direction are the two main parameters in 

determining the wind energy potential [11]. 

 

1.1. Turkey's Wind Energy Potential 

It has been determined from the researches that our 

country has a wind energy potential of 48,000 MW. 

It is understood from the studies that the total area 

corresponding to this value corresponds to 

approximately 1.30% of the surface area of our 

country [21]. Wind energy, which comes to mind 

first when it comes to a renewable and clean energy 

source, is a resource that should not be ignored with 

its low cost, easy technology and endless potential 

[9]. Due to the fact that it is a clean and unlimited 

power source that is completely formed by the sun, 

wind power is an air flow phenomenon that arises 

from the formation of different temperature and 

pressure differences as a result of the sun's heating 

of the atmosphere on the earth's surface. This 

weather condition, called wind, is actually high 

between two adjacent pressure regions. It is the air 

flow that moves from the center of pressure to the 

center of low pressure. This event, which is caused 

by the pressure difference of the winds, is caused by 

some situations; reasons such as the earth's rotation 

around its own axis, surface friction, local heat 

dissipation, different atmospheric events in front of 

the wind, and the topographic structure of the land. 

Wind is expressed by two parameters: speed and 

direction. Wind speed increases with height, and its 

theoretical strength varies in proportion to the cube 

of its speed. Figure 1. 

 
Fig. 1. Power-Wind Graph 

The following equations are used to calculate the 

wind data. It is the wind energy potential that has a 

certain mass and kinetic energy. The strength of the 

instantaneous wind is expressed by the following 

equation: Not all of the instantaneous energy in 

wind turbines is converted into electrical energy. 

The amount of power converted into electrical 

energy in wind turbines: 

𝑝 =
1

2
∗ 𝜌 ∗ 𝑣3 ∗ 𝐶𝑝 ∗ 𝐴                                           (1) 

P=Power(Watt)  

𝜌= Air Density (kg/m3) 

V3=Wind Speed(m/sec) 

Cp=Power Coefficient 

A=Swept Area (m2) 

 

In 2007, there were developments for wind energy 

potential in Turkey. Türkiye Wind Energy Potential 

Atlas Figure 2 as can be seen; It is possible to reach 

all kinds of detailed information, especially wind 

source information, through this map. (fighting 

forest fires, monitoring air pollution concentrations, 

mountain and sea sports, maritime activities, 

agricultural practices, etc.). In the wind potential 

calculations made in Turkey, it is accepted that 

5MW wind power plants per square kilometer can 

be established in areas where the wind speed is 

7.5m/s and above at 50m heights from the ground 

level. According to these assumptions, the light 

wind energy potential in Turkey has been 

determined as 47,850 MW. 

 

 
 

Fig.2. Turkey Wind Energy Potential Atlas 

 

As of the end of June 2022, our installed power 

based on wind energy is 10,976 MW, its ratio in the 

total installed power is 10,81%, and the change in 

installed power over the years and its ratio in the 

total installed power are given in the graphs below 

Fig 3. 
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Fig. 3. Installed Power Based on Wind Energy 

 

In these studies, primarily analytical models of the 

structures are created. The dynamic behavior of 

structures, towers and other structural systems when 

exposed to earthquakes is generally studied with 

analytical and experimental models. Knowing the 

dynamic parameters of the structures provides us 

with information about the situation that may occur 

before or after the structure. Experimental behavior 

of structures is investigated with experimental 

studies in structures vibrating with various factors 

[2] Investigation of the dynamic behavior of any 

structure can be investigated theoretically by 

constructing a finite element model and 

experimentally by using modal analysis methods [2, 

10, 17]. In the literature review related to this 

publication, many studies using the finite element 

method have been reached. In some studies, such as 

some of the publications using the finite element 

method and guiding the author's work are as follows 

on the use of the finite element method were used 

[2, 10, 17] With all these knowledges, some these 

new studies has been carried out. Researchers have 

conducted many study on new methods [15,12, 7, 

14, 6] The author also refers to these studies about 

the wind towers structures made. Looking at the 

literature studies, the researchers carried out a 

different number of studies using the finite element 

method [20, 1, 16, 4,8). Today, some authors have 

conducted various studies using FEM analysis of the 

structural response of tubular steel wind türbine 

with various design configurations. [8, 26, 19, 13, 4] 

1.2 Wind Turbine 

Machines that use wind energy to obtain mechanical 

or electrical energy are called wind 

turbines.Turbines have three main parts. These are 

the turbine housing, the propellers and the 

tower.Propeller blades, propeller hub and propeller 

shaft are also called rotor.The propeller shaft is 

connected to the gearbox.The shaft connecting the 

gearbox to the generator is also called the generator 

shaft.Generators used in wind turbines are called 

aerogenerators. Generator, gearbox and brake 

assemblies are located in the body, also called the 

Nacelle (Fig.4). In this Abaqus programme we are 

not modeling the Nacelle.This part will be 

represented in our model as a lumped mass and its 

value added the reference point in tower model and 

the magnitude of mass as 81 tons. 

 
 

Fig. 4. Wind Turbine Components 

 

 
Fig. 5. Wind Tower Sections 
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Number of Eigenvalues requested for our model and 

we chose the first 5 modes.Fig.(10-14).In this paper, 

steel  structural  wind turbine tower with design 

configurations is analysed using FEM modelling.In 

Abaqus programme we create the part of wind 

turbine using solid elements to model the tower 73 

meter tower with circular section.In the “Edit Base 

Extrusion” tab of the Abaqus programme the tower 

height of the wind turbine is 73m and the tower 

contraction angle is entered as θ=1.4312 degrees 

(Fig.6). In abaqus programme tower section will be 

Shell homegenous and Shell thickness is 40mm 

(Table 2) and the material is steel (Fig.5). Size for 

our part is the global size that actually chose 

approxiamately global size:700 mm that seems 

reasonable.A more refined mesh in order to capture 

the bending stiffness better we will use this 700mm 

mesh and used quadratic elements (Fig.17) 

 
Fig 6. Wind Turbine Model 

Structural and dynamic analyzes of the wind 

turbine, which is thought to be built in the 

Gürgendağ location, which is located in a region 

with winds at an altitude of approximately 1100 

meters within the borders of Samsun İlkadım district 

has been tried to be analyzed using the Fig.7.  

The main purpose of this study is to numerically 

examine the dynamic behavior of the wind turbine 

under the existing ground conditions of 

Mahmurdağı for the Mahmurdağı Wind 

Turbine.For this purpose, Türkiye Earthquake 

Hazard Map [18] data from AFAD website was used 

(Fig.8). The turbine preferred as a model in this 

study is the 73m high 800Kw wind turbine 

belonging to Enorcon Company [22]. Modelling 

was made in the light of the technical data of the 

relevant company. While the numerical model was 

being created, the blades of the wind turbine, the 

nacelle-rotor system were not modeled, but the 

actual weight, corresponding to approximately 81 

tons, was applied as a load to the system. In the last 

part of the article, the dynamic properties of this 

73m high tower are examined to obtain the natural 

frequencies and mode shapes. 

As a result of the analysis, 5 different mode shapes, 

frequency and period values of the wind turbine 

planned to be built were obtained. Abaqus analysis 

completed step is presented in Fig.15. 

 
Fig 17. Wind Tower Turbine Mesh in Abaqus CAE 
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Fig 15. Abaqus Analysis Completed Step 

 

 
Fig.7. Mamur Dağı Wind Turbine Settlement 

 

 
Fig 8. Ground Conditions of Mamurdağı, 

İlkadım,Samsun,(AFAD, Türkiye Earthquake Hazard Map 

 

II. MATERIALS AND METHOD 

 

Finite Element Analysis (FEA) reaches the desk of 

the engineering analyst as a software package. 

Unless that software has been designed to exploit 

the true generality of the method, the analyst will 

become frustrated by the gap between the method's 

theoretical potential and the unnecessary limitations 

imposed by the software. This is where Abaqus 

shines.  

Abaqus is truly a general-purpose finite element-

based software package [25]. In this study, a steel 

wind tower model was created and modal analysis 

was carried out with the finite element method. In 

the application of the finite element method, the 

ABACUS CAE 2022 package program, which is 

used in the field of academic and engineering 

applications all over the world, was used.In abaqus 

programme we need to define for the material 

propertis is the density,Young’s moduluss and 

Poisson’s Ratio is presented in Table1. 

2.1.Description of Mamurdağı Wind Turbine 

Table 1. Material properties of structural steel of the wind 

tower 

Material 

property 

Elastisite   

Modulus(Gpa) 

Density 

(g/cm3) 

Poisson’s 

ratio 

Steel 205 7.85 0.3 

 

Table 2. Wind Tower Dimensions 

Height 

of Tower 

(m) 
    

   73 m 

Shell 

Thicknesses of 

Tower 

(mm) 

Wind 

Tower 

Diameter 

(m) 

 

Sec. A-A 

Sec. B-B 

40mm 

40mm                   

5m 

2.5m 

 

 

 

III. RESULTS AND DISCUSSION 

 

The model steel wind turbine was first analysed with 

the finite element method using ABACUS CAE 

2022 CAE 2022 [25], In Abaqus program it was 

chosen the create inertia tab and type the point in 

tower model and was added the magnitude of mass 

as 81 tons to the system and the same analyses were 

repeated and the results were compared. In this 

study, the following materials properties were taken 

in the analysis; Material grade: steel; the modulus of 

elasticity as E = 2.0x105MPa, material density ρ = 

7.85kg / m3 and Poisson ratio υ = 0.3 as seen Table 

1. 
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Fig 9. Eigenfrequency for Wind Turbine Model 

In Fig. (10-14), mode shapes and frequency values 

are presented separately in the relevant graphics in 

the light of the analysis data of the wind turbine. 

 

 

Fig 10. 1. Mode shape (Period value = 0.72327 s) 

Mode 1 is translational mode shape. 

 

Fig 11. 2. Mode shape (Period value = 0.72327 s) 

Mode 2 is translational mode shape. 

 

Fig 12. 3. Mode shape (Period value = 18.943 s) 

Mode 3 is the elongation mode shape along the Y axis. 

 

Fig. 13. 4. Mode shape (Period value = 97.745 s) 

Mode 4 is torsional mode shape. 

 

 

Fig. 14. 5. Mode shape (Period value = 97.745 s) 

Mode 5 is torsional mode shape. 

Table 3. Frequencies of Wind Turbine Model 
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Fig.16. Abaqus Edit Boundary Condition Step 

 

IV. CONCLUSION 

 

In the model wind turbine, the result of the dominant 

frequency was obtained as 0.72327 (cycles/time). 

First Mode is in the y-x plane so this is the lateral 

movement in this direction. This is the Translational 

mode shape that is a cantilever with a lumped mass 

so this is the main mode. Mode 1 Value:20.652, and 

Period is :1.38sn.  

In the model wind turbine, the result of the 2nd Mode 

frequency was obtained as 0.72327 (cycles/time). 

Mode 2 is Translational mode shape in the y-z 

direction. The result of the 3rd Mode frequency was 

obtained as 18.943(cycles/time). Mode 3 is the 

elongation mode shape along the Y axis. 

Mode 4 and 5 is torsional mode shapes. These are 

both higher modes of wind turbines. Mode shapes 

like a wave in the middle of the tower. A plot of the 

mode number and the frequency was presented in 

the Fig.9. As a result, it can be said that the natural 

frequencies and mode shapes have been obtained by 

including the mass of nacelle-rotor system at the top 

of tower in order to study the effect of the tower 

design on its own dynamic behaviour. If 

interpretation is to be made according to the results 

of this study, if the entire wind turbine system is to 

be examined, the mass of the wind turbine should be 

taken into account, because the mass of the nacelle-

rotor system can constitute more than 28% of the 

total mass.  

REFERENCES 

 

[1] Adhikari, S., & Bhattacharya, S. (2012). Dynamic analysis 

of wind turbine towers on flexible foundations. Shock and 

vibration, 19(1), 37-56. 

[2] Aydın, H. (2022). Determination of the Effect of bridges 

on Dynamic Parameters of Model Steel Bridge with 

Finite Elements. 2ndInternational Congress of 

Engineering and Natural Sciences Studies ISBN: 978-

605-71156-5-2 Ankara/Turkey, 296 

[3] Baniotopoulos, C., Hu, Y., & Yang, J. 2014. Effect of 

internal stiffening rings and wall thickness on the 

structural response of steel wind turbine 

towers. Engineering Structures, 81, 148-161. 

[4] Chen, J., & Jiang, D. (2010, November). Modal analysis of 

wind turbine tower. In 2010 World Non-Grid-Connected 

Wind Power and Energy Conference (pp. 1-3). IEEE.  

[5] Cox, K., & Echtermeyer, A. (2012). Structural design and 

analysis of a 10MW wind turbine blade. Energy 

Procedia, 24, 194-201. 

[6] Çetin, N. S., Çelik, H., & Başaran, K. (2011, May). Rüzgâr 

türbinlerinde kapasite faktörü ve türbin sınıfı ilişkisi. 

In 6th International Advanced Technologies Symposium 

(IATS’11) (pp. 131-136).  

[7] Çokünlü G.,2007. Wınd Turbine Modelling and Controller 

Design,M.Sc. Thesis, İstanbul Technical University, 

Institute of Science and Technology, İstanbul,129 

[8] Ferroudji, F. (2021). Numerical modal analysis of a 850 

KW wind turbine steel tower. International Review of 

Applied Sciences and Engineering, 12(1), 10-18. 

[9] Güven, A. F., & Vural, Ö. (2017). Matlab GUI Yardımıyla 

Gemlik İlçesi Rüzgâr Enerji potansiyelinin Konutlarda 

Uygulanabilirliği ve Maliyet Analizi. Presented At The 

6th International Conference Of Strategic Research İn 

Social Science And Education 2017, Prague. 

[10] Kasimzade, A. A., Tuhta, S., Günday, F., Aydın, H. 

“Obtaining Dynamic Parameters by Using Ambient 

Vibration Recordings on Model of The Steel Arch 

Bridge”, Periodica Polytechnica Civil Engineering, 

65(2), pp. 608–618, 2021. 

https://doi.org/10.3311/PPci.16422 

[11 [11] Mamur, H., & Karayel, M. (2018). Türkiye, Samsun-

Havza Rüzgâr Enerji Potansiyeli Değerlendirmesi. Niğde 

Ömer Halisdemir Üniversitesi Mühendislik Bilimleri 

Dergisi, 7(1), 316-323. 

https://doi.org/10.3311/PPci.16422


 

337 
 

[12  [12] Musa M.N., 2019. Structural Analysis of Offshore Wind 

Turbine Support Structure Under Hydrodynamic and 

Aerodynamic Loads.M.Sc. Thesis, İstanbul Technical 

University, Offshore Engineering Programme, İstanbul,95. 

[13] Navadeh, N., Goroshko, I., Zhuk, Y., Etminan 

Moghadam, F., & Soleiman Fallah, A. (2021).Finite element 

analysis of wind turbine blade vibrations. Vibration, 4(2), 310-

322. 

[14 [14] Paranchis, M. I., & Pratama, H. (2022). The Wind 

Turbine Design and Test. Teknomekanik, 5(1), 13-27. 

[15 [15] Rana, M., Sonyy, S. M., Loganathan, B., & Chowdhury, 

H. (2022, November). In situ performance measurement and 

characterization of wind turbine. In AIP Conference 

Proceedings (Vol. 2681, No. 1, p. 020098). AIP Publishing 

LLC. 

[16 [16] Su, R., Rui, X., Wu, X., & Yin, Q. (2016). The design and 

analysis of wind turbine based on differential speed 

regulation. Proceedings of the Institution of Mechanical 

Engineers, Part C: Journal of Mechanical Engineering 

Science, 230(2), 221-229. 

[17] TUHTA S., GUNDAY F., AYDIN H.,2020, Modal analysis of 

steel test structure reinforced with cable elements by finite 

element method, 2nd International Eurasian Conference on 

Science, Engineering and Technology (EurasianSciEnTech 

2020), October 07-09,  

[18] Turkey Earthquake Hazard Maps Interactive Web Application, 

https:// tdth.afad.gov.tr/, 2018. 

[19] Wang, L., Kolios, A., Luengo, M. M., & Liu, X. (2016). 

Structural optimisation of wind turbine towers based on finite 

element analysis and genetic algorithm. Wind Energy Science 

Discussions, 1-26. 

[20] Warnakula, W. P. J. M., Vidanapathirana, A. C., Ekanayake, 

R. M. T. C. B., & Senanayake, S. S. D. D. B. (2023, March). 

Design Of Micro Scale Wind Turbine Blade For Low Wind 

Speed Applications. In 2023 22nd International Symposium 

INFOTEH-JAHORINA (INFOTEH) (Pp. 1-6). IEEE. 
[21]https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-

ruzgar,(18.05.2023) [ONLINE] Available: 

[22] https://www.enercon.com.tr/ ,(17.05.2023) [ONLINE] 

Available: 

[23]https://www.lexology.com/library/detail.aspx?g=aa96a2de-

c1a5-4a70-b510-9ecc569d3ddf ,(18.05.2023) [ONLINE] 

Available: 

[24]https://www.thewindpower.net/turbine_technical_en_57_ge-

energy_1.5sle.php,(18.05.2023) [ONLINE] Available: 

[25] https://www.3ds.com/products-

services/simulia/products/abaqus/(10.05.2023) [ONLINE 

Available:] 

[26] Hu, Y., Baniotopoulos, C., & Yang, J. (2014). Effect of internal 

stiffening rings and wall thickness on the structural response 

of steel wind turbine towers. Engineering Structures, 81, 148-

161. 

[27] Canpolat Ş.,2013. Rüzgâr Enerjisi ve Isparta Şartlarında  

Prototip Bir Rüzgar Türbini Tasarımı, Yüksek Lisans  

Tezi,Süleyman Demirel Üniversitesi,Fen Bilimleri 

Enstitüsü,İnşaat Müh.ABD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-ruzgar,(18.05.2023)
https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-ruzgar,(18.05.2023)
https://www.enercon.com.tr/
https://www.lexology.com/library/detail.aspx?g=aa96a2de-c1a5-4a70-b510-9ecc569d3ddf
https://www.lexology.com/library/detail.aspx?g=aa96a2de-c1a5-4a70-b510-9ecc569d3ddf
https://www.thewindpower.net/turbine_technical_en_57_ge-energy_1.5sle.php
https://www.thewindpower.net/turbine_technical_en_57_ge-energy_1.5sle.php
https://www.3ds.com/products-services/simulia/products/abaqus/
https://www.3ds.com/products-services/simulia/products/abaqus/

