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ABSTRACT 
 
Indonesia is a tropical country that has abundant wind energy 
potential as well as it still rarely used as an energy resource. In 
the previous study the application of three stepper motors are 
used as wind turbine generator is not optimal its results, so it is 
required the optimization of the generator so that the power 
produced can be increased. Therefore, in this study 40 VDC 
AMETEK motor are used as wind turbine generator which will be 
analyzed in some variation of blade angle and speed of wind 
around 2-9 m / s. To achieve these objectives, the power 
generator testing is done using a wind tunnel and NACA 2420 as 
propeller blade of wind turbine. From the test results, generated 
maximum power is 20 watts at a speed of 7 m / s with power 
coefficient 0121 
 
 
KEY WORDS: 40 VDC Ametek motor, Wind Energy, 
Generator, Power Coefficient, Horizontal Axis Wind Turbine. 
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1.0 BACKGROUND  
 
Wind energy is a renewable energy source that has great potential 
for generating electricity. No doubt in the utilization of wind 
energy is very popular and growing rapidly as the best source of 
energy compared with fossil energy that can not be updated, 
which is still used. According to (Daryanto, 2007) fossil energy 
also have a negative impact on the environment, either directly or 
indirectly, such as global warming which affects the ecological 
damage 
 
Given the non-renewable fossil energy reserves in the world is 
diminishing, while the demand needs of the community increases, 
the need for renewable energy to overcome and compensate for 
fossil energy production capacity. To overcome the dependence 
on fossil fuels, it is necessary to do the conversion as well as the 
conservation and development of renewable energy sources. 
(Culp, 1991) to note that the development of energy, economy 
and ecology so that the development of energy sources must be 
able to produce energy in large quantities at a low cost and have a 
minimum impact on the environment. 
 
Therefore, almost all countries in the world are encouraged to 
take advantage of new and renewable energy sources. Indonesia, 
for example, is one of the countries that have energy resources are 
very abundant, one of which is wind energy. Indonesia is an 
archipelago and one of the countries located near the equator is a 
factor that led to Indonesia has the potential of wind energy can 
be utilized. Wind energy potential in Indonesia is quite adequate, 
because the average wind speed ranges from 3.5 to 7 m / s. 
Results of mapping National Institute of Aeronautics and Space 
(LAPAN, 2005), some areas that have wind speeds above 5 m / s, 
respectively East Nusa Tenggara, West Nusa Tenggara, South 
Sulawesi, and the southern coast of Java. 
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One of the major problems in the development of wind turbines is 
the design of the wind turbine generator. Thus the need for the 
initiative to assemble a DC motor to be used as a turbine 
generator. Where we know that the DC motor has two important 
components therein, namely the stator and rotor. Stator which has 
a static permanent magnets attached to the body or motor home, 
while the rotor coil of copper wire are experiencing round. 
 
The use of a DC motor used as a horizontal wind turbine 
generators, have previously been carried out by (Hamzah Hafid, 
2014). In a study using three stepper motors as well, but the 
results are not maximized. This is probably caused by a stepper 
motor that is used has a rotor coil is still relatively simple and 
small, so that the electric power generated is still relatively small. 
Therefore, given the importance of the role of a generator for a 
wind turbine, the need for the development of the use of a DC 
motor that is more powerful. 
 
 
2.0 WIND TURBINE 
 
The wind turbine is a system that utilizes the wind as a primary 
energy source to drive a turbine blade. Wind power is not only 
built in the mainland, but also precisely in the offshore area 
(Chris Westra, 1970). Wind power generation system of this 
nature renewable energy has great potential to be developed. 
Aside from its resources are abundant, wind energy also does not 
require a lot of cost and environmentally friendly. Wind energy 
has grown rapidly as one of the best sources for power generation 
over the last few decades. 
 
Wind energy is one that is not limited in nature, in contrast to the 
natural resources of fossil origin such as gas and oil, which at 
times can be discharged. Wind turbines began to be known 
around the 11th century and rapidly expanding industrial 
revolution in the early 19th century. Most developed countries 
now like Germany, the Netherlands, Denmark and Russia they 
had a lot of use of alternative energy by converting wind energy 
into electrical energy to be used as a power plant or for everyday 
purposes. Indonesia is a tropical country with abundant wind 
potential, but until now wind power is rarely used as a source of 
energy. 
 
2.1 The working principle 
The working principle of wind turbine is to transform the kinetic 
energy of wind into mechanical energy in the form of shaft 
rotation. The shaft rotation is used for several things in 
accordance with the need to rotate the dynamo or generator. But 
the rotation power generated by the wind turbine rotor will get 
power depending on wind speeds. So that wind power is not the 
same as the power turbine due to the influence of the power 
generated by the coefficient. 
 
2.2 Wind Turbine Components 
The components contained in the wind power generation 
system using wind turbines include: 
 
1. Blade turbin 

Blade is a wind turbine systems as components that interact 
directly with the wind for wind turbines rotating shaft. 

2. Hub rotor 
Turbine rotor hub is a place to install a turbine blade by 
means of the screw so that the blade can be united with each 
other. Rotor hub was designed in accordance with the 
planned number of blades are usually made of high quality 
cast iron. 

3. Bearing. 
Bearing is a buffer rotor so that the rotor can be stable / 
straight in position and do not cause mechanical losses due 
to friction. 

4. Tower 
Towers or poles in wind turbines, wind turbine tower 
structure section is usually used on horizontal turbine that 
has a function to support the system components are strung 
blade, shaft and generator. 

5. Generator 
Generator is a tool converting mechanical energy into 
electrical energy principle works by using electromagnetic 
field theory. Voltage and electric current generated by the 
generator can be either AC alternating current (AC) and 
direct current (DC). 
 

2.3 Kinds of Wind Turbine 
Wind turbines are divided into two groups: horizontal axis 
turbines and vertical axis. The basic principle of wind turbine 
itself is to convert mechanical energy from the turbine rotation 
into electrical energy by magnetic induction. Turbine rotation can 
occur effectively by applying the basic theory of aerodynamics in 
the design of turbine rod. The availability of sufficient winds 
become a major factor in the implementation of wind turbine 
technology. 
1. Horizontal Axis Wind Turbine (HAWT) 

Horizontal axis wind turbine is a wind turbine that has a 
direction that is parallel to the rotation axis direction of the 
wind. The working principle of horizontal turbines that 
convert the kinetic energy of wind into the turbine rotary 
energy. 

2. Vertical Axis Wind Turbine (VAWT) 
Vertical axis wind turbine is a wind turbine has a rotor shaft 
that rotates vertically. However, the installation of the 
generator and gearbox placed under the tower so that the 
load is lighter. There are various types of vertical axis wind 
turbines are often used include: 

 
3.0 WIND ENERGY CONVERSION 
 
Wind power is the conversion of the utilization of energy sources 
using wind turbines. Mechanical energy generated by wind 
turbines can be used directly or converted into electrical energy. 
Utilization of direct mechanical energy occurs because of the 
wind that moves the leaves of the turbine, causing the turbine to 
spin. The rotation of the turbine causes the formation of a 
mechanical energy. While the conversion of wind energy into 
electrical energy which wind through the blades of the turbine 
causing the turbine to spin. Of a turbine wheel causes the 
generator come to experience turnover. 
 
Inside the generator, wind energy is converted into electrical 
energy. For small-scale power plants, the need for a voltage 
regulator. Besides that need batteries to store energy, because as 
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there is a possibility that the wind is not blowing. When the wind 
is not blowing, the generator does not function as a motor, so it 
needs an automatic circuit breaker to prevent the motor works as 
a generator. Should be noted that if the mechanical energy 
produced by wind turbines it is generally referred to as a 
windmill, but when converted into electricity it is known as wind 
turbines. Wind before being converted or before passing the wind 
turbines. Of power are not everything can be converted into 
mechanical energy by the turbine (Ajao and Adeniyi, 2009). 
 
4.0 POWER COEFFICIENT 
 
Power coefficient is important in designing a wind turbine 
because it shows how much wind energy that can be extracted 
from the kinetic energy of the wind through the cross section of 
the rotor. Coefficients greatly affect the performance of wind 
turbines, and is influenced by the construction of wind turbines 
and energy conversion principle. Power coefficient is the ratio 
between the powers coming out of the rotor with the incoming 
power to the rotor. 
 
Power coefficient can be estimated using the following equation 

1 3
x x x2

 = 
     

PCp
A vρ

    (1) 

 
5.0 TORQUE 
 
Torque equals force in translational motion. Torque shows 
the ability of a force to make objects perform rotational 
motion. An object will rotate when subjected to torque. 
 
Power coefficient can be estimated using the following equation 

PT = 
  ϖ

     (2) 

 
6.0 TIP SPEED RATIO  
 
Tip speed ratio (tip speed ratio) is the ratio of rotor tip speed of 
the free wind speed. To a certain nominal wind speed, tip speed 
ratio will affect the rotational speed of the rotor. Lift-type wind 
turbines will have a tip speed ratio is relatively larger than the 
drag-type wind turbines. Tip speed ratio is calculated by the 
equation: 
 

v
RΩ

=λ      (3) 

 
7.0 GENERATOR 
 
Generator is a tool to convert from mechanical energy into 
electrical energy. Systems that work in a generator can back and 
forth between electricity with the onset of a magnetic field. (HC 
Oerted 1777-1851) every electrical current carrying wire there is 
a magnetic field. The magnitude of the magnetic field generated 
proportional to the electric current that flows generated in a 
magnetic field conductor (Victor Savart 1803-1862). 

 
The resulting potential difference generator found on the ends of 
the conductor that moves perpendicular to a magnetic field 
(Michael Farady 1831-1832). The electrical energy generated can 
be either an electric generator AC (alternating electric) and DC 
(electrical unidirectional). This depends on the construction of 
generators used by power plants. 
 
8.0 AIRFOIL PROFILE 
 
The ideal shape of propeller is airfoil shape, because the shape 
can absorb the kinetic energy of wind into mechanical energy 
with the maximum swivel. Airfoil cross-sectional shape has been 
standardized by NACA (National Advisory Committee for 
Aeronautics). Standard type that is widely used for the NACA 
0012 windmill propellers, NACA 63 (2) -215, LS (1) -0417 and 
NACA 4415 and many other types. For large-sized windmills 
(rotor diameter> 20 m) propeller airfoil cross-section shape can 
be varied at each point of the cross section. Airfoil profile gives 
the coefficient of drag that is small when compared with the lift 
provided. There are a few variables declared in describing the 
form of water-length foil including airfoil profile (chord), 
thickness (thickness), and curvature (chamber). Airfoil shape for 
wind turbines generally curved on top and flat or even concave on 
the bottom, a blunt tip at the front and at the rear taper. Thus 
airfoil shape causes air velocity through the upper side will be 
higher than the lower side so that the air pressure at the top will 
be smaller than the velocity of the air at the bottom. 2:25 Picture 
shows the cross-sectional shape and design of the propeller airfoil 
NACA 2420. 

 
Figure 2.1. Sketch of NACA 2420 

 
9.0 RESEARCH METHOD 
 
9.1 Data collection procedures 
1. Installation models 
Installation of the model in question is to assemble the stand 
holder DC motor to be mounted on wind turbine towers. 
 
9.2 The data acquisition phase 
a) Installation of the fan 

Fans are installed in the tunnel, above the rail holder specially 
made. So that in the determination of wind speeds easily we get. 

b) The laying of the model 
Laying of the model in question in the form of a turbine tower 
equipped with a turbine leaves, the DC motor (generator) is 
placed behind the chimney shaft. 

c) Laying of the measuring instrument 
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Laying of the measuring instrument in question is a digital 
multimeter to measure the voltage (volts) and current strength 
(I). The tool is connected directly to the output of a DC motor 
before experiencing round 

d) Determining the wind speed 
Determine the wind speed with an anemometer put the leaves 
in front of wind turbine propeller. Then change the position of 
the fan mounting rails above the tunnel to obtain wind speeds 
of between 2, 3, 4, 5, 6, 7, 8, and 9 m / s. 

e) Measurement rpm of generator 
Measurements were performed for 5 minutes each to measure 
the wind speed directly using a tachometer generator shaft 
section. 

f) Measurement of voltage (volts) and current strength (I) 
Retrieving data using a digital multimeter with a measurement 
interval of 5 minutes at each wind speed at different angles 
propeller leaves. 

g) Repeating the test procedures 
Data collection further with wind speeds of 3, 4, 5, 6, 7, 8 and 9 
for data retrieval with a different angle of the turbine leaf tilt 
leaf tested is among 0 °, 5 °, 8 ° and 15 °. 

 
9.3 Procedures of Data Analysis 
Analysis of the data in this study conducted in several stages as 
follows: 
a) Determination of DC motors serve as generators of wind 

turbines. 
b) Analyze the DC motor is determined by adjusting the voltage 

(volts) with the current strength (I) on the motor rotation (rpm). 
c) Analyzing the output power generated in the DC motor in each 

wind speed (m / s) with a variation of leaves of different angles. 
d) Calculating results issued power DC motors at each wind 

speed (m / s) with a variation of leaves of different angles. 
e) Creating a chart of test results between wind velocity (m / s) 

with a strong current (Ampere), voltage (Volt), power (Watts), 
and with the power coefficient (CP) produced by a DC motor. 

 
10.0 ANALYSIS AND DISCUSSION 
 
10.1 Influence of DC motors to Rotation of Turbine 
To determine the effect of DC motors in wind turbines to rotation 
that produced, so the measurements and compares the results of 
the round produced without the use of a DC motor using DC 
motor. The angle was tested in an experiment that β0 °, 5 °, β8 ° 
and β15 °. Tilt every leaf carried 8 times testing with wind speed 
used 2-9 m / s. The comparison is shown in Table 4.1 and 4.1 as 
follows: 

 
Table 4.1 Effect of inclination angle without using DC motor 

No 
V Wind 
(m/s) 

Slope Angle of Turbine Blade 
 (0° ) ( 5° )  ( 8° )  ( 15° )  

1 2 67.16 75.92 118.82 113.8 
2 3 96.74 114.88 138.66 142 
3 4 155 178.68 181.84 160.78 
4 5 235.7 223.58 230.5 181.66 
5 6 270.4 271.5 254.4 205.46 
6 7 280 294.44 257.88 210.6 
7 8 276.88 288.58 243.32 197.8 

8 9 263.28 272.2 235 183.96 

Table 4.3 Effect of inclination angle by using a DC motor 

No 
V Wind 
(m/s) 

Slope Angle of Turbine Blade 
 (0° ) ( 5° )  ( 8° )  ( 15° )  

1 2 47.546 53.844 82.066 79.406 
2 3 67.748 79.778 96.99 99.034 
3 4 107.98 124.798 127.51 112.354 
4 5 163.872 156.066 161.4625 127.514 
5 6 188.254 189.606 178.3 143.164 
6 7 195.294 205.414 180.444 147.436 
7 8 192.556 201.684 170.398 138.026 
8 9 183.0125 188.8 164.422 129.168 

 
From the table above shows that the influence of the wind 

turbine rotation decreased when using a DC motor. For more 
details, the above table can be plotted in a graph as follows: 
 

 
Figure 4.1 The effect of the dc motor for each turbine rotations 

 
From the graph above it is clear that the use of a DC motor 

generating turbine rotation is lower than the rotation without 
using a DC motor load. 

 
10.2 Generator testing 
Selection of blead angle to be tested is β0 °, β5 °, β8 °, and β15 °. 
How to measure a DC motor is that the data collection a strong 
current (amperes), voltage (volts) and power (watts) to the DC 
motor. By using experimental data that has been previously 
described, the test is made with wind speeds between 2-9 m / s 
with intervals of 5 minutes each wind speed. For more details, test 
data can be seen in the table below. 
 
Table 4.3 Electric current of motor (amperes) every slope blades 

turbine 

No 
V 
Wind 
(m/s) 

Slope Angle of Turbine Blade 

 (0° ) ( 5° )  ( 8° )  ( 15° )  

1 2 0.59 0.77 0.92 0.474 
2 3 1.022 1.05 1.36 1.066 
3 4 1.492 1.68 1.718 1.172 
4 5 2.294 2.202 2.308 1.586 
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5 6 2.76 2.674 2.374 2.106 
6 7 2.764 3.086 2.536 2.168 
7 8 2.77 3.084 2.428 2.104 
8 9 2.606 2.828 2.346 1.916 

 
From the table above shows that from all 4 angles of the blades 
are used, β5° angle that has a strong current (amperes) the highest. 
For more details, tables can be plotted into a graph as follows: 
 

 
Figure 4.2 Electric current (amperes) of DC motors each slope 

blade turbine 
 

From the chart above shows that the electric current 
(amperes) that uses the slope angle β5° has the highest 
level of performance at a wind speed of 7 m / s. 
 

Table 4.4 motor voltage (volts) every slope blades turbine 

No 
V 
Wind 
(m/s) 

Slope Angle of Turbine Blade 

 (0°) (5°)  (8°)  (15°)  

1 2 1.546 1.696 2.912 3.192 
2 3 2.284 2.934 3.428 3.294 
3 4 3.488 3.816 3.986 3.518 
4 5 4.722 4.55 4.748 3.942 
5 6 5.93 5.844 5.344 4.466 
6 7 6.228 6.498 5.486 4.492 
7 8 6.154 6.368 5.416 4.494 
8 9 5.68 6.12 4.932 4.384 

 
From the table above shows that from all 4 angles of the blades 
are used, the angle β5° which has a voltage (volts) the highest. 
For more details, tables can plot into the graph as follows: 
 

 
Figure 4.3 Voltage (volt) of DC motors each slope of turbine 

blade 
 

From the chart above shows that the voltage (volts) that uses the 
slope angle β5 ° has the highest level of performance at a wind 
speed of 7 m / s. 
 
Table 4.4 Power of Motor (watts) on each slope of turbine blade 

No 
V 
Wind 
(m/s) 

Slope Angle of Turbine Blade 

 (0° ) ( 5° )  ( 8° )  ( 15° )  

1 2 0.949 1.318 1.492 1.513 

2 3 2.395 3.299 4.662 3.538 

3 4 5.217 6.503 6.858 4.154 

4 5 10.874 10.020 10.981 6.358 

5 6 16.459 15.690 12.691 9.408 

6 7 17.242 20.069 13.920 9.739 

7 8 17.054 19.656 13.146 9.456 

8 9 14.806 17.375 11.596 8.401 
 
From the table above shows that from all 4 angles of the blades 
are used, the angle β5 ° which has the highest power (watts). For 
more details, tables can plot into the graph as follows: 
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Figure 4.4 Power (watts) of DC motor each slope of turbine blade 
 

From the graph motor power (watts) above, can be obtained the 
highest power at a wind speed of 7 (m / s) in blade angle β5 °. To 
compare the power (watts) of the results of previous studies we 
can see in the chart below. 
 

 
Figure 4.6 Comparison of power (watts) of DC motor at previous 

study 
 

On the chart above, we can see differences in the power generated 
in previous research. The highest power of the test results are at a 
wind speed of 7 m / s compared to the previous study, the power 
that produced the higher the wind speed of 8 m / s. Therefore the 
power coefficient (Cp) at each angel of the blade can be 
estimated. More detail can be seen in the table as follows: 
 

Table 4.5 power coefficient of motor for angel  0° 
V P (watt) 0° CP 
2 0.949 0.237 
3 2.395 0.179 
4 5.217 0.169 
5 10.874 0.180 
6 16.459 0.158 
7 17.242 0.104 
8 17.054 0.069 
9 14.806 0.042 

Table 4.6 Power coefficient of motor for angel 5° 
V P (watt) 5° CP 
2 1.318 0.339 
3 3.299 0.237 
4 6.503 0.208 
5 10.020 0.166 
6 15.690 0.150 
7 20.069 0.121 
8 19.656 0.079 
9 17.375 0.049 

Table 4.7 Power coefficient of motor for angel 8° 
V P (watt) 8° CP 
2 1.492 0.396 

3 4.662 0.359 
4 6.858 0.222 
5 10.981 0.182 
6 12.691 0.122 
7 13.920 0.084 
8 13.146 0.053 
9 11.596 0.033 

 
Table 4.8 Power coefficient of motor for angel 15° 

V P (watt) 15° CP 
2 1.513 0.393 
3 3.538 0.270 
4 4.154 0.133 
5 6.358 0.104 
6 9.408 0.090 
7 9.739 0.059 
8 9.456 0.038 
9 8.401 0.023 

 
From the table above shows that the slope angle of the four blades 
used, the wind speed of 2 m / s at the angle β15 ° which has the 
highest power coefficient. For more details, tables can plot into 
the graph as follows: 
 

 
Gambar 4.7 power coefficient (Cp) of DC motor each slope 

turbine blade 
From the chart above shows that the power coefficient (Cp) from 
the four blades angle decreased in any increase in wind velocity 
(m / s). But at the angle of 8 ° has the highest level of 
performance at a wind speed of 2 m / s. 
 
11.0 CONCLUSION 
 
Based on the data analysis in the study of DC motors as 
generators of wind turbines can be drawn some conclusions as 
follows: 
1. Based on the test results of DC motors as generators of wind 
turbines, deserves to be made as the motor power 
2. The results of the experiment and analysis of the performance 
testing of the DC motor, the high result is generated; voltage 
(volts) 6498, electric current (amperes) 3084 and power 20 watts, 
at a wind speed of 7 m / s and blade angle β5o. 
3. The power coefficient (Cp) which is optimally generated based 
on the comparison of each slope of turbine blade for 0,396 is 
resulted at wind speed of 2 m / s at an angle of 8o. 
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