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ABSTRACT 

Vertical axis wind turbine is a tool that is being developed to generate energy from wind. One cause is still little 
use of wind energy is the design of wind turbines that are less precise. Therefore, in this study we developed the system 
design of hybrid vertical axis wind turbine with computational and experimental methods. The design of hybrid turbine 
based on a straight bladed Darrieus turbine along with a double step Savonius turbine. The method used to design wind 
turbines is by studying literature, analyzing the critical parts of a wind turbine and the structure of the optimal design. The 
simulations results show that shortening the inner shaft then the structure strength will improve significantly. Wind turbine 
prototype of the optimal design characteristic tests in the wind tunnel experimentally by varying the speed of the wind. 
From the experimental results show that the greater the wind speed, the greater the wind turbine rotation and torque is 
raised. The hybrid vertical axis wind turbine with the shorter the inner shaft will have much better self-starting and better 
conversion efficiency. 
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INTRODUCTION 

VAWT (Vertical Axis Wind Turbine) can be 
classified into two types, namely the type of lift and drag. 
Example of the lift type of vertical turbine is Darrieus 
turbine. Excess the lift turbine type is the ability to extract 
power from the fluid properly, especially at high speeds. 
The downside of the Darrieus turbine is driving the need 
for an external source as the initial (starting). Various 
studies have been done to overcome this weakness [1]-[3]. 
The blade stall problems at low speeds in Darrieus wind 
turbine can be overcome by giving the pitch (blade span 
can be rotated on an axis), so that the angle of attack on 
the blade varies for a wide range of wind speeds. 

In drag-type turbines, momentum flow 
impingement surface of the blade will cause the rotor to 
rotate. One example is a drag-type turbine Savonius 
turbine. The advantage of drag-type turbine is self-starting 
capability with a small wind speed, so it does not need the 
help of an external impetus [4]. The disadvantage is the 
maximum rotation speed of the rotor which can not exceed 
the speed of the wind. Various studies have been done to 
improve the performance of the turbine Savonius, among 
others, by varying the number and distance between the 
blade buckets [5]. 

With the various strengths and weaknesses are 
owned by the VAWT type of lift and drag-type, then 
developed a vertical axis wind turbine hybrid type that is a 
combination of type Darrieus and Savonius type (hybrid 
D-S). Darrieus turbine can be used for different wind 
direction, but has a low torque (current constraints of self-
starting). D-S hybrid design developed to obtain a larger 
torque for self-starting. There are two types of hybrid 
configuration for D-S. In the first configuration, located on 
Savonius rotor to the shaft with the same axial location 
(align) with the blade Darrieus. For this configuration, the 
Savonius rotor blade Darrieus seemed to be inside, as 
shown in Figure-1a. For the second configuration, the 

rotor blade Savonius and Darrieus located at different 
axial locations, so that the Savonius rotor blade Darrieus 
seemed to be outside, as shown in Figure-1b. 

Research by the wind tunnel indicate a turbine 
with a blade Darrieus and Savonius layout at different 
axial locations (type-B) is able to extract more power [6]. 
On the other hand, the results of dynamic modeling with 
varying dimensions of the turbine and various wind 
conditions concluded that the type-B does not always give 
a better performance than the type-A. In general, the larger 
dimension will provide an effective power coefficient 
tends to decline. However, turbine type-B showed a very 
significant decrease in major dimension to the wind with 
short duration. From the graph, in general type-A is more 
suitable for the application of a single wind turbine 
because their performance is relatively consistent in 
different conditions. However, applications for small wind 
turbines (with a radius of below or around 1 m), type-B 
has a better power coefficient. 

Figure-2 shows the design of Hybrid Vertical 
Axis Wind Turbine, which is made by combining the type 
Darrieus wind turbine with Savonius wind turbines. 
Hybrid-type wind turbine has a height of 2.16 m and a 
diameter of 2.34 m. There are three Darrieus blade, and 
two-tier Savonius wind turbine blade. An electric 
generator is located below the overall blade system. 

 
 

Figure-1. Configuration of hybrid vertical axis wind 
turbine [6]. 
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Modification and optimization design 
With the aim of improving the structural 

sturdiness of wind turbine, several modifications were 
examined by using numerical simulation method [7]. In 
order to identify the critical parts of wind turbine, a finite 
element analysis software ANSYS was used. Some output 
parameters from the ANSYS, that were used to identify 
the most critical parts, are maximum load stress, 
maximum swing displacement of the VAWT system, and 
the natural frequencies of the system.  All the designs 
were modified by using CAD software before they 
automatically uploads to ANSYS software for finite 
element analysis simulation. 

Several hypotheses about the defect source are: 
deflection, unbalance, soft shaft (natural frequency is 
below the operation condition), misalignment, unbalance, 
torsion vibration, bearing defect [8,9]. To simplify the 
simulation process, the defect caused by aerodynamic, was 
neglected in this section. The effect can be shown in 
Figure-3. From this figure, the entire graphics showed that 
the strength of wind turbine is enhanced by enlarging the 

outer-diameter of outer-shaft and/or inners-shaft. 
Enlarging the outer-diameter of outer-shaft and/or inner-
shaft improved the strength of wind turbine because the 
highest stress load, and the lowest displacement are 
appeared in the simulation results. 

The highest stress load means the highest stress 
load may be endured by the VAWT system before it 
failed. And the lowest displacement means the maximum 
displacement which is generated when the swing motion 
swing in its 1st natural frequency. However enlarging the 
outer-diameter of outer-shaft and/or inners-shaft were not 
the best solution, since this improvement results in a much 
heavier system. The most possible modification and 
easiest to apply was shortened the inner shaft. Even all the 
shaft system was modified, but the electric generator, 
airfoil blade still remains the same. This modification 
included moving the bearing position, cutting the outer-
shaft into two pieces (top-outer-shaft and bottom-outer-
shaft). Only the position of entire blade, electric generator, 
and mechanical break system remain constant. 
 

 

 
 

Figure-2.  Design of hybrid vertical axis wind turbine. 
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Figure-3. The results of hybrid VAWT due to various modifications. 
 

 
 

Figure-4. The system mode shape prediction. 
 

Table-1. The simulation results for different design. 
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Figure-5. Wind tunnel. 
 

From all the hypotheses, it is showed that the 
most critical part is the inner shaft. The modification to 
apply was shortened the inner shaft. Even all the shaft 
system was modified, but the electric generator, airfoil 
blade still remains the same. This modification included 
moving the bearing position, cutting the outer-shaft into 
two pieces (top-outer-shaft and bottom-outer-shaft). Only 
the position of entire blade, electric generator, and 
mechanical break system remain constant. 

Figure-4 showed two kinds of wind turbine mode 
shape: the Darrieus blades deflection and shaft system 
bending mode shape. Design A showed that the blade was 
yawning in radial direction.  Design B showed that the 
shaft was swinging in one direction. The simulation results 
for different design shown in Table-1. Design B showed a 
well strength structure especially for enduring the swing 
motion of 1st natural frequency mode vibration. When the 
inner shaft was reduced, then the smallest swing 
displacement occurs. Therefore design B was chosen as 
the optimization result. 
 
Performance test of hybrid VAWT 

Tests conducted at the wind tunnel produces 
some data including the electrical current, voltage, wind 
speed and rotation of the wind turbine. Figure-5 showed 
the sketch of wind tunnel. In this test, the force of the 
wind, which happened soon wind turbine is the drag force 
and lift force. The drag force winds occur when the cross 
section of the blade Darrieus-Savonius, while the lift 
occurs when the wind force on the cross section of the 
blade Darrieus, but because the blade Darrieus in this 
study did not have the angle of attack (angle of attack) 
then the force that occurs only drag force. The wind 
coming causes drag force occurs on the blade and the 
blade Darrieus Savonius.  
 
 
 
 

 
 

Figure-6. The rotation of wind turbine function the wind 
velocity. 

 

 
 

Figure-7.  Efficiency of wind turbine function the wind 
velocity. 
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Figure-6 shows the relationship between wind 
velocities (V) is the wind turbine blades with round 
generated by wind turbines. Data is generated when the 
wind turbines start generating power that the wind speed 
in the wind tunnel of 7.5 m / s at 700 rpm wind turbine 
rotation. The graph above shows the greater the wind 
speed of the wind turbine blades, the rotation generated 
also increases. This is due to the energy possessed by the 
wind the greater the wind speed that occurred so that it can 
produce a turbine wheel is higher. The hybrid vertical axis 
wind turbine with shortened the inner shaft (Design B) has 
much better self-starting. Figure-7 illustrates the 
relationship between efficiency of wind turbine and wind 
velocity. The hybrid vertical axis wind turbine with 
shortened the inner shaft (Design B) has much better self-
starting and better conversion efficiency. 
 
CONCLUSIONS 

Optimization of the structure design of hybrid 
vertical axis wind turbine is studied using a numerical 
approach. The critical part from Hybrid VAWT system is 
the inner shaft. The numerical simulations shows that 
shorten the inner shaft, the structure strength will 
improved significantly. From the results of testing the 
characteristics of the hybrid vertical axis wind turbine 
shows that the greater the wind speed causes the energy 
produced by wind turbines is increasing. The hybrid 
vertical axis turbine with shortened the inner shaft has 
much better self-starting characteristics and better 
conversion efficiency at higher flow speeds. 
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