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ABSTRACT 

This paper studied about the dynamic characteristics of vertical axis wind-turbine type H. From the rotor dynamic 
viewpoint, vertical axis wind-turbine (VAWT) has weakness point compared to the horizontal axis type wind-turbine. The 
tower has sustained the multiple loads except the weight loading of the Wind-Turbine’s blades itself.  All the rotational 
loads were transferred directly to the tower. It follows that several problems that often occurred are natural frequencies 
vibration with its mode shape. The experimental investigation of the vibration, by using the static bump test and dynamic 
test, were performed to acquire the natural frequencies of the wind-turbine system.  Furthermore, by using numerical 
simulation code ANSYS, the wind-turbine system was simulated to obtain dynamic response of the wind-turbine system 
and to identify the critical parts of the wind-turbine system. The simulations results show that the critical part of VAWT 
type H was shown on the tower which may cause significant dynamic deformation. The natural frequencies and the 
structural strength of the H type wind turbine are higher. 
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INTRODUCTION 

Wind turbine type H is one kind of vertical axis 
wind turbine. This type wind turbine has some 
aerodynamic advantages compared to the horizontal axis 
wind turbine. Some advantages are: no need to put yawn 
mechanism because it can capture omni-directional wind, 
simpler design, and lower installation cost due to lower 
tower top mass [1, 2]. However vertical axis wind turbine 
also has some disadvantages at rotor dynamic system. One 
of them is the position of rotor and tower which are 
concentric; the rotor system was sustained multiple 
dynamic load directly. The several dynamic loads that 
usually happened in the rotor system are: centrifugal load 
from blades revolution motion, bending load due to wind 
pushed the wind turbine system, torsion load, vibration 
load, gyroscopic load, etc. These loads and rotation speed 
may trigger the vibration from the natural frequencies of 
the system when the operation condition synchronizes 
with the natural frequencies of system condition. This may 
become crucial if the vibration amplitude resonates due to 
the natural frequencies. 

Therefore, in designing the vertical axis wind 
turbine, it took some considerations whether the rotor is 
categorized as soft rotor or rigid rotor. For the small size 
of vertical axis wind turbine, higher rotation speed is 
needed to gain enough power; thus rotor system should be 
designed as soft rotor. Several structure dynamic of wind 
turbine have also been studies [3, 4]. The modal vibration 
test and estimation using finite element were executed and 
described clearly in [5].  

In this study, a small size 200W vertical axis wind 
turbine type H was design.  Figure-1 shows layout of H 
type Darrieus VAWT. The vibration problems which were 
caused because of the interference between system’s 
natural frequencies and the operation rotating speed will 

be studied. Several modifications on system will be 
created to modify the design of tower. 
 

 
 

Figure-1. Layout of H type Darrieus VAWT. 
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Figure-2. Schematic of the dynamic test. 
 
NUMERICAL AND EXPERIMENTAL METHODS 

Finite element analysis software ANSYS was 
used [6]. Some output parameters from the ANSYS which 
were used to identify the most critical parts, are maximum 
load stress (when the 1st natural frequency happened and 
in a certain load force), maximum swing displacement of 
the VAWT system, and the natural frequencies of the 

system. All the design was modified by using CAD 
software and after that automatically uploads to ANSYS 
software for finite element simulation [7, 8]. The purposes 
of vibration experiment are: finding the natural 
frequencies of VAWT system, finding the correlation 
between rotation speed and natural frequency, and 
identifying the source of vibration. The dynamic test that 
are used for vibration experiment. Figure-2 illustrations 
the instrument setup of dynamic test. 
 
THE VIBRATION CHARACTERISTIC OF THE H 
TYPE VAWT 

From the numerical analysis results, we may 
predict the natural frequencies mode shapes. Figure-3 
shows the natural frequencies mode shapes of the H type 
200W. These are three of the first of natural frequencies 
mode; each mode came from different parts of the wind 
turbine system. They came from shaft system, Darrieus 
blade and blades holder system. The natural frequencies 
and the structural strength of the H type wind turbine are 
higher. These may happen because the H type wind 
turbine system is simpler, lighter, and the size is smaller. 
The dynamic characteristics of H type can be seen on 
Table-1.

 

  

1st Mode from shaft system 
1st Mode from the blade 

holder system 
1st Mode from Darrieus 

blades 
Figure-3. The natural frequencies mode shapes of the H type VAWT. 

 
Table-1. The Dynamics characteristics of H type VAWT. 

 

Mode ANSYS results 

1st mode (Hz) 17.39 

2nd mode (Hz) 17.66 

3rd mode (Hz) 37.61 

4th mode (Hz) 37.85 

5th mode (Hz) 38.78 

Max Stress (MPa) 1949 

Deflection (mm) 3.8 

Deflection at 50 MPa (mm) 0.10 

MODIFICATION AND OPTIMIZATION DESIGN 
With the aim of improving the structural 

sturdiness of wind turbine, several modifications were 
done by using numerical simulation method. The first 
modification is improved the structure strength by 
modified the tower. From Figure-4, we may see some 
designs for tower modification. Mod1, Mod2, Mod3, and 
Mod4 were designed by changing the base-rib of tower 
dimension. From the numerical results on Table-2 showed 
the higher base-rib height, the tower become stronger. By 
reducing the quantity of ribs the strength of tower will 
increase (mod 3 and mod 4), however will lowered the 
natural frequencies of system. By shrinking the diameter 
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of tower, the structure’s strength and the natural 
frequencies also decreased as seen on Figure-4. 

The second modification is improved the 
structure strength by modified the shaft system length 
composition. The priority to modify was improved the 
structure strength of wind turbine system by strengthen the 
shaft system. The shaft system of H type was also divided 
into three pieces, inner shaft, upper-side outer shaft, and 
bottom-side outer shaft. By arranging the composition 
between inner shaft and upper-side outer shaft, we might 
gain the structure strength. All the numerical analysis 

results for arranging the shaft length composition can be 
seen on Table-3. On Table-4, the design C was the best 
result with the composition of 400 mm length of upper-
side shaft, 600 mm length of bottom-side outer shaft, the 
maximum load that may endure during the 1st natural 
frequencies is 2.035 GPa. However this model was a short 
version for the H type VAWT, which has a higher natural 
frequencies compare if the wind turbine attached on 
original tower. We predict the natural frequencies of 
system will be fall down when the wind turbine is attached 
on the original tower. 

 

 
 

Figure-4. The schematic of tower modifications. 
 

Table-2. Numerical results for tower modifications. 
 

Modification 
Diamater Frequency 

Max 
deflection 

Max equivalent 
stress 

(mm) (hz) (mm) (Mpa) 

1 190.7 4.35 2.187 72.10 

2 190.7 4.58 2.225 73.93 

3 190.7 4.77 2.248 95.66 

4 190.7 4.59 2.094 115.5 
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Table-3. The vibration characteristic and structure strength by varied the shaft length composition. 
 

Design 
Top-side 

Shaft (mm) 

1st Nat 
Frequency 

(Hz) 

2nd Nat 
Frequency 

(Hz) 

3rd Nat 
Frequency 

(Hz) 

Structural Strength at 1st Natural 
Frequency 

Max Stress 
(Mpa) 

Deflection 
(mm) 

Deflection at 50 
MPa (mm) 

A 200 17.66 37.41 37.85 1351 38 1.35 

B 300 17.81 18.0 36.12 1949 40 1.08 

C 400 18.0 18.16 34.86 2035 41 1.07 

D 500 16.9 17.13 33.73 988 42 2.15 

E 600 17.62 17.63 32.61 1985 43 1.18 

 
SUMMARY 

The dynamics characteristic of vertical axis wind 
turbine type H is studied using a numerical approach. The 
numerical simulations show that the H type VAWT has a 
fair quality of structure strength and a good quality of 
aerodynamic performance. The swing motion 
displacement can be reduced by using numerical 
simulation. From simulation showed, the swing motion 
may be reduced by 39.3%. The best design showed that 
the strength of the system was increased 2.06 times than 
the original design.  In this study, the natural frequencies 
are also slightly increased. This may happened because of 
the increasing of system rigidity. 
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