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Introduction
Before designing a wind turbine system and structures for 

good vibratory performance, it is important to understand the 
mode frequency, mode shape, and amplitude of the vibratory 
characteristic of the system [1]. A dynamic system, when given an 
initial disturbance and allowed to execute free vibrations without 
a subsequent forcing excitation will tends to do so at a particular 
preferred frequency and maintaining a particular preferred 
geometric shape [2] This frequency is called natural frequency 
of the system and the corresponding shape of the moving parts 
of the system is referred to as mode shape. Any arbitrary motion 
of a vibrating system can be represented in terms of its natural 
frequencies and mode shape [3] The subject of modal analysis is 
concerns with the determination of natural frequencies and mode 
shapes of a dynamic system. Once the modes are determined, they 
can be used to understand the dynamic nature of the systems, 
and also in design and control.  From Literature researchers 
have examined the dynamics of wind turbines to optimize their 
performance [4]. Kessentini et al. [5] developed a mathematical 
model of a horizontal axis wind turbine (HAWT) with flexible 
tower and blades. The equations of motion were derived using the 
extended Hamilton’s principle. The eigenvalue problem was solved  

 
in closed form and numerically using the Differential Quadrature 
Method (DQM). Their findings showed that dynamic tower blade 
coupling cannot be considered insignificant. [6] developed a 
modified version of the mathematical model in which he took 
into consideration the fluid-solid interaction via wind loads that 
induce the rotation of the hub and flapping vibrations of tower 
and blades. Wang et al. [7] proposed a mixed flexible rigid multi-
body analytical model that employed the thin-walled beam theory 
that was superior to the traditional 1D beam finite element when 
applied to compute the dynamic behaviour of wind turbines. The 
developed model was applied to predict the dynamic performance 
of a wind turbine system. The kinetic and potential energy terms of 
each flexible body and rigid body forms the wind turbine system’s 
governing equation. The mode shapes were then obtained from the 
free vibration solution while the distributions of dynamic stress 
and displacement of the tower and rotor were calculated from the 
forced vibration response analysis. Ping et al. [8] applied numerical 
finite element modelling to determine the frequencies and mode 
shapes of wind turbine blades. In addition, dynamic stresses were 
computed for the root zone of the blades using the finite element 
method. The resulting dynamic stresses were used to estimate the 
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Abstract
Renewable energy sources especially wind energy have gained much attention due to the recent energy crisis and the desire to 

obtain clean energy. Due to vibration, small wind turbines are usually not installed on the structures since the vibration of a wind 
turbine tower can attain resonance. Resonance is often a contributing factor to many of the vibration problems that occur in wind 
turbine tower. Small wind turbine exists on National Centre for Energy and Environment, University of Benin with power of 1.0 
kW, which creates more vibration on running condition. By reducing vibration in the wind turbine, vibration transformation on the 
structure will also be avoided so that we can improve performance, lifetime and power quality of wind turbine. Vibration analysis 
on the small wind turbine model was carried out by performing modal analysis in ANSYS workbench. Influences of the rotating 
speed, wind velocity and the aerodynamic loads on natural frequencies were captured. Modal analysis using finite element software 
ANSYS MODAL established resonance with system frequency less than the lowest of ten mode frequencies 0.78394Hz, of the tower. 
With these results, it was concluded that the tower is not expected to fail due to the impact of the wind speed on the blade of the 
wind turbine.
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blade fatigue, in order to make an optimal design of the blades that 
resist fatigue and being energetically efficient. Peeters et al. [9] 
applied finite element model of wind turbines using an assembly 
of beam elements in ANSYS. They validated their model on a real 
wind turbine and relevant dynamic analysis of in-situ-measured 
responses. Manzato et al. [10] used modal monitoring of wind 
turbine blades, which was primarily based on the determination 
of Eigen frequencies. In addition, they combined the global modal 
methods with locally sensitive monitoring methods, based on guided 
elastic waves developed a finite element model for modal analysis 
of a 55-kW direct-drive permanent-magnet generator to confirm its 
inherent frequency and vibration mode. However, the wind turbine 
tower is an important component of wind turbine. The weight of the 
wind turbine is very big, sometimes; it is even bigger than the lower 
tower. In order to get more wind, the tower is generally very high. 
So, it is very easy to produce resonance phenomenon, which can 
cause horizontal amplitude [11]. In designing a tower, resonance 
phenomenon is design out or avoided. However, in the process of 
the use of wind turbine, some manufacturers change the model 
of wind turbine in pursuit of economic efficiency, thus, resulting 
in a resonance phenomenon which causes the destruction of the 
tower [2] As the support structure of the wind turbine, the tower 
bears alternating loads of wind when the wind turbine runs [1]. 
Wind turbines are installed in places where wind resource is rich. 
Though wind turbines supply energy using the kinetic energy of 
the wind and save non-renewable energy. The tower is the support 
structure of the wind turbine and the alternating loads that the 
tower bears are complex. There have been many accidents caused 
by tower faults in different wind farms during the past years [12]. 

To make sure the tower is suitable for the wind turbine, structural 
analysis of the tower is essential. Natural frequency of the wind 
turbine tower which should be different from the frequency of the 
rated speed, can be provided by modal analysis, and this will help 
to avoid resonance [1]. To ensure the reliability of the wind turbine, 
it is necessary to carry out modal analysis on the tower, and this 
would prevent the natural frequency of the tower close to the rated 
speed of wind turbine. In this research work, modal analysis of a 
wind turbine tower of University of Benin Energy Research Centre 
was carried out using FEA to study the natural frequencies and 
mode shapes of different geometries for the construction of a wind 
turbine tower. 

Research Methodology
The modal analysis of the mast was carried out in order to 

investigate ten modal frequencies of vibration of the mast for case 
of impost force of 1000N on the top of the mast without the adaptor, 
generator and blade set up as well as a case where the generator, 
blades and adaptor is mounted on the top of the mast. The geometry 
was created using Autodesk inventor and imported into ANSYS 
design modeler using ANSYS 16. The created geometries are shown 
in (Figures 1 & 2) In the study, 1000N force was impost at the top of 
the mast without the generator, adaptor and blades. Fixed support 
was impost at the three bottom ends of the geometry and ten modal 
frequencies were studied for the two cases. Grid independent test 
was carried out on the complete assembly in order to ensure that 
the results are consistent irrespective of the grid size. Finally, three 
different mesh elements were done and simulated using the same 
setup parameters.

Figure 1: Mast geometry.
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Figure 2: Mesh for the mast.

Result and Discussion
(Table 1) presents the summary of the natural frequencies 

(fn) and the total deformation of the wind turbine lattice tower 
(mast truss). Ten modes were reported. Maximum deformation 
of 0.57594m occur at mode 10, at a maximum frequency of 
8.6435Hz, Our turbine’s design rotating speed is about 198rpm 
which corresponds to the rotor frequency, frotor  (1p) of 0.33Hz. The 
first mode of the tower is 1.17Hz which is greater than the rotor 
frequency. Thus, the tower is categorized as soft tower, avoiding 
excitation of the turbine’s natural mode of vibration during the 
normal operation. The blade passing frequency, fbp (3p) is 6.03Hz, 
it lies between 6th and 7th mode of vibration. Thus, it avoids the 
excitation during the normal operation. However, the tower may 
be temporarily excited as the turbine starts up or shuts down. The 
rotor frequency is less than the natural frequency and the blade 

passing frequency, thus it avoids resonance in the installed system. 
The result of the first modal frequency for case one is presented in 
(Figure 3). For the first modal frequency for case, one as presented 
in (Figure 3), all the applied loads (thrust, gravity) were ignored, 
and the specified boundary conditions were applied with a load of 
1000N. The plotted solution which is specifically the deformation 
of the mode shape was normalized to unity in order to generate 
the second to tenth modal frequency presented in Figures 4, 5, 6, 
7, 8, 9, 10, 11 and 12 respectively. From the result of Figure 4, it 
was observed that for a frequency of 1.2579Hz, the maximum 
deformation recorded was 0.04618m. From the result of (Figure 
5), it was observed that for a frequency of 2.8111Hz, the maximum 
deformation recorded was 0.054712m. From the result of (Figure 
6), it was observed that for a frequency of 2.960Hz, the maximum 
deformation recorded was 0.05526m

Table 1: Mode frequency and total deformation of lattice tower (mast).

Mode Frequency (Hz) Total Deformation (m)

1 1.177 4.7558x10-2

2 1.2579 4.618x10-2

3 2.8111 5.4712x10-2

4 2.96 5.5261x10-2

5 4.5891 4.8141x10-2

6 5.9619 8.8761x10-2

7 7.8952 0.24806

8 8.0376 0.26897

9 8.5037 0.32247

10 8.6435 0.57594
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Figure 3: First modal frequency for case one.

Figure 4: Second modal frequency for case one.

Figure 5: Third modal frequency for case one.
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Figure 6: Forth modal frequency for case one.

Figure 7: Fifth modal frequency for case one.

From the result of (Figure 7), it was observed that for a 
frequency of 4.5891Hz, the maximum deformation recorded was 
0.048141m. From the result of (Figure 8), it was observed that for 
a frequency of 5.9619Hz, the maximum deformation recorded was 
0.088761m. From the result of (Figure 9), it was observed that for 
a frequency of 7.8952Hz, the maximum deformation recorded was 
0.24806m. From the result of (Figure 10), it was observed that for 

a frequency of 8.0376Hz, the maximum deformation recorded was 
0.26897m. From the result of (Figure 11), it was observed that for 
a frequency of 8.5037Hz, the maximum deformation recorded was 
0.32247m. From the result of (Figure 12), it was observed that for 
a frequency of 8.6435Hz, the maximum deformation recorded was 
0.57594m
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Figure 8: Sixth modal frequency for case one.

Figure 9: Seventh modal frequency for case one.

Figure 10: Eight modal frequency for case one.
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Figure 11: Ninth modal frequency for case one.

Figure 12: Tenth modal frequency for case one.

Conclusion
Modal analysis of the mast carrying a wind turbine setup was 

carried out and ten modal frequencies were comprehensively 
studied in order to obtain the corresponding maximum 
deformation. Fixed support was imposed at the bottom end of the 
mast and the complete assembly, and the entire mast was impost a 
force of 1000N. From the total deformation results obtained, it was 
concluded that since the natural frequency of the system (0.33Hz) 
is less than the studied modal frequency of the simulation results, 
the system is not expected to fail.
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