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Preface

The 1%t Borobudur International Symposium on Applied Science and Engineering (BIS-ASE) 2019 is
hosted by Universitas Muhammadiyah Magelang, Indonesia. The conference is also co-hosted by other
twenty-one institutions as follows Badan Penelitian dan Pengembangan Kota Magelang, Universitas
Muhammadiyah Surabaya, Universitas Muhammadiyah Buton, Universitas Muhammadiyah Ponorogo,
Universitas Muhammadiyah Purworejo, Universitas Muhammadiyah Jember, Universitas
Muhammadiyah Metro, Universitas Muhammadiyah Maluku Utara, Universitas Muhammadiyah
Pekajangan Pekalongan, Universitas Muhammadiyah Riau, Universitas Aisyiyah Yogyakarta,
Universitas Sains Al Qur'an Wonosobo, Universitas Tidar Magelang, FKIP Universitas Muhammadiyah
Jakarta, FISIP Universitas Muhammadiyah Malang, Faculty of Law Universitas Islam Indonesia,
STIKES Muhammadiyah Klaten, IAIM Sinjai, IAIN Purwokerto, Politeknik Energi dan Mineral
Akamigas, and STMIK Bina Patria Magelang.

The main theme of this symposium is “Local resources empowerment towards advance, smart and
sustainable system” as a part of the United Nations agenda for sustainable development goals in 2030.
Therefore, we present you, four world-class keynote speakers whom able to capture the interdependence
between these scientific topics. First, Professor Tony Lucey from Curtin University, Australia. Second,
Professor Noorefendi Tamaldin from UTeM, Malaysia. Third, Mr Rajesh Ranolia from NIIT, India.
Fourth, Yun Fatimah, PhD, Dean of the Faculty of Engineering, Universitas Muhammadiyah Magelang.

Let me inform you that the 1% BIS-ASE 2019 has received 344 submissions from 6 countries: India, The
Netherlands, Malaysia, Japan, Thailand, and Indonesia. Each paper has been reviewed by the program
committee. Only 232 papers were accepted for the round table session (acceptance rate: 69.46 %). All
the published papers have been through a series of rigorous review process to meet the requirements
and standards of international publication.

We hope that our later discussion may result transfer of experiences and research findings from
participants to others, from one institution to another, from social researcher to engineering researcher
and vice versa. Also, | hope this event can build a new and strong research network.

We would like to thank each co-host for the efforts to give significant contribution particularly on paper
selection. We would also like to acknowledge the Rector of Universitas Muhammadiyah Magelang for
the endless support to the conference. Last but not least, we would like to express our most sincere
gratitude to the international advisory board, scientific committee, steering committee, organizing
committee, and everybody taking parts in the success of the conference. We hope to see you in the 2™
BIS-ASE 2020.

The Editors,

Assoc. Prof. Dr. Muji Setiyo, ST., MT.
Andri Pranolo, S.Kom., M.Cs.

Zulfikar Bagus Pambuko, MEI.

Agus Setiawan, M.Eng.

Chrisna Bagus Edhita Praja, SH., MH.
Fitriana Yuliastuti, S.Farm., M.Sc., Apt.
Veni Soraya Dewi, M.Si.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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Darrieus type vertical axis wind turbine (VAWT) design

S W Wasiati, F A Augusta, V R P Purwanto, P Wulandari, and A Syahrirar

Department of Electrical Engineering, Faculty of Science and Technology, Al-Azhar
University of Indonesia

Email: nurkemalasupitaa@gmail.com

Abstract. The potential of wind energy in Indonesia is generally relatively less compared to
other countries in the subtropical region. With the Darrieus VAWT Type Vertical Axis Wind
Turbine, the turbine does not have to be directed to the wind to be effective. Mill with vertical
axis, generator and gearbox can be placed near the ground, so the tower does not need to support
it and is more accessible for maintenance purposes. Gearbox or transmission is one of the main
components of the motor which is referred to as a power transfer system, the transmission
functions to move and change the power of the rotating motor. To get a large turbine torque, a
gearbox design (large size on the turbine, and a smaller size on the rotor generator) is needed.
The number of blades used will also affect the effectiveness of the turbine in capturing the wind.
With the number of 3 blades, get torque above 40 rpm, at wind speeds of 4.5 to 5 m/s.

1. Introduction

The potential of wind energy in Indonesia is generally relatively less compared to other countries in the
subtropical region. This is indeed a reality that must be accepted because Indonesia's geographical area
is in the equator region and lacks or has no wind energy potential. In wind generator there are many
things that must be considered, because in designing the wind speed turbine for the initial rotation of the
turbine is determined. Solutions that can be used as an energy source an alternative to assisting the
government in electricity supply is by making a simple and economical wind turbine but according to
the condition of the highway that is crowded with vehicles passing by. In this case Vertical shaped wind
turbines can be a solution because it functions at low wind speeds, can be installed not far from the
ground so it's easy in installation and maintenance and economical. One of the turbines that are often
used is Darrieus VAWT Type Vertical Axis Wind Turbine [1]. Darrieus turbine, designed by George
Darrieus on the 1920s. Is one type of vertical wind turbines that move on principle lift force, which can
produce energy which is far greater than with most other wind turbines. Though produce considerable
efficiency, Turbine Darrieus has a weakness that is needed external energy to initiate movement enough
to accelerate turbine in generating power output. For example a place for the establishment of a wind
turbine must be in an area where the wind speed is constant, namely wind speed which is said to be
stable if evenly distributed.

In the coastal and mountainous areas are areas with large and abundant sources of wind. With the
physical shape of Indonesian islands, it is very suitable for the installation of wind turbines. Because
many of the small communities in Indonesia, especially in the border areas, have not felt the energy
source. As is the case with other renewable energy, the use of wind energy as a renewable energy source
and has not yet fully reached the commercial stage compared to conventional fossil sources that have

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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long been utilized by the community. Wind is a potential and renewable energy source. Wind is
considered as one of the most practical and perfect energy sources because it is emission free and free.
The best side is that wind can reduce electricity loads by 50% to 80% [2]. Vertical/upright axis (or
VAWT) wind turbines have the main rotor axis/axis arranged perpendicular. The main advantage of this
arrangement is that the turbine does not have to be directed to the wind to be effective. This advantage
is very useful in places where the wind direction varies greatly. VAWT is able to utilize wind from
various directions. Mill with vertical axis, generator and gearbox can be placed near the ground, so the
tower does not need to support it and is more accessible for maintenance purposes [3].

2. Literature Review

2.1. Wind

Wind is energy that occurs because of the temperature difference between cold and hot air. (Kadir, 1995)
Wind is air that moves so that it has speed, power, and direction. The cause of this movement is the
warming of the earth by solar radiation. This wind movement has kinetic energy; therefore, wind energy
can be converted into other energy such as electricity using windmills or wind turbines.

2.2. Wind Velocity

The thing that is usually used as a benchmark for knowing wind potential is its speed. Usually the
problem is the stability of the wind speed. As is known, wind speed will fluctuate with time and place.
For example, in Indonesia, the wind speed during the day can be faster than night. In some locations
even at night there is no significant air movement. For situations like this, the calculation of the average
speed can be done by noting the measurement of wind speed is carried out continuously. For air that
moves too close to the ground, the wind speed obtained will be small so that the power produced is very
little. The higher the better. In ideal conditions, to obtain wind speeds in the range of 5-7 m/s, generally
a height of 5-12 m is required [4].

Wind Speeds Increase with Height
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Figure 1. Relationship of wind speed to a to a certain height [5]

In Figure 1, it is explained about the relationship of wind speed certain height. That is the higher the
place where the turbine is placed, the higher the speed of the wind, the higher the intensity. Another
factor to note for conventional wind turbines is the propeller design. For large propellers (for example
with a diameter of 20 m), the wind speed at the top of the propeller is approximately 1.2 times the wind
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speed of the bottom of the propeller. That is, the tip of the propeller. At the moment the top will be
exposed to a push force that is greater than when it is below. This needs to be considered when designing
the power of propellers and masts, especially in large wind turbines. If the wind speed in the upper and
lower propellers is significantly different.

2.3. Wind Turbine

Wind power plants began to be used in 1975 by the United States with the help of NASA (National
Aeronautics Space and Construction) and NSF (National Science Foundation) with the discovery of
wind turbines with MOD-0 models producing around 100 Kw of power to create MOD-5B by producing
power to 7.2 MW in 1980. Most wind turbines used are horizontal wind turbines with three or two
angles. Wind turbines are windmills used to generate electricity. The power produced by the wind
turbine depends on the diameter of the blade, the longer the diameter, the greater the power produced

[6]

Baling-baling yang berputar secara horizontal-axis

[®
— ~\g’4 - <
— D - °© S
YOI\ o = ’
d4% f
A. Multi-blade B. Sail wing C. Tipe Belanda D. Propeller

Baling-baling yang berputar secara vertikal-axis

Figure 2. Type of Wind Turbine [7]

In Figure 2 describes two types of windmills, first (blue part) is a type of Horizontal Axis Wind Turbine,
and the second (orange part) is a type of Vertical Axis Wind.

a. Horizontal Axis Wind Turbine

b. Vertical Axis Wind Turbine

2.3.1. Horizontal Axis Wind Turbine

Horizontal axis wind turbines are the most widely used types of wind turbines. This turbine consists of
a tower which at its peak there is a propeller which functions as a rotor and faces or turns away from the
wind direction. Most wind turbines of this type have two or three propeller blades even though there are
also turbines with less or more propeller blades than those mentioned above.

b

Figure 3. Horizontal Axis Wind Turbine [8]
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2.3.2. Vertical Axis Wind Turbine

Vertical axis turbines are divided into two types, namely is Savonius and Darrieus. Darrieus turbines
were first introduced in France around the 1920s. and reflected by G.J.M. Darrieus in the United States
in 1931, a few moments later, this turbine was renewed again in 1974 by producing 64 Kw of power,
the advantages of this wind turbine that is because it is vertical, this wind turbine does not require high
wind speed to produce power, because it is shaped troposkein found in Greece, so it is suitable for
everywhere, besides that, the efficiency of this turbine is almost the same as the efficiency of a horizontal
wind turbine, and it does not need to cost a lot to make this turbine. In figure 4 is a portrait of the Vertical
Axis Wind Turbine of the Darrieus type. This vertical axis wind turbine has vertical blades that rotate
in and out of the wind direction.

<t

Rotor Darrieus Rotor Darrieus H Rotar Helicoidale

Figure 4. Darrieus Turbine [9]

2.4. Gearbox

2.4.1. Definition of Gearbox

Gearbox or transmission is one of the main components of the motor which is referred to as a power
transfer system, the transmission functions to move and change the power of the rotating motor, which
is used to rotate the engine spindle or feed. Transmission also functions to adjust the motion speed and
torque and turn around, so that it can move forward and backward.

2.4.2. Gearbox Function

Manual transmission, or better known as the gearbox, has several functions, including changing the
twisting moment which will be forwarded to the engine spindle, providing a gear ratio that matches
the engine load, and producing engine rotation without slipping

3. Results and Analysis
Darrieus VAWT Wind Turbine (Vertical Axis Wind Turbine) is a wind turbine whose blade is arranged
in a symmetrical position with blade blades arranged relative to the shaft. Can be seen in Figure 5.
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Figure 5. Vertical Axis Wind Turbine Type of Darrieus

Figure 5 shows the design of the wind turbine that Turbine designed. Use 3 blades, and the gearbox
on the turbine is connected to the generator chain. The basic principle of the work of a wind turbine is
to change the mechanical energy from the wind to rotating energy on the windmill, then the spinning
wheel is used to rotate the generator, which will eventually produce electricity. When the propeller
moves to rotate because the wind will move the gearbox which turns the low rotation on the windmill
into high rotation. Usually Gearbox is used around 1:60, then forwarded to a generator which is one of
the important components that can convert motion energy into electrical energy the principle of work
can be studied using electromagnetic field theory. Due to the limited availability of wind energy (not all
days the wind will always be available) the availability of electricity is also uncertain. Therefore, energy
storage devices are used which serve as a back-up of electrical energy. When the burden of people's
electric power usage increases or when the wind speed of a region is declining, the demand for electric
power cannot be fulfilled.

The advantages of vertical turbines are:

Effective in capturing wind direction from various angles.

Does not require a large tower structure.

A TASV can be placed closer to the ground, making maintenance of moving parts easier.

It has a higher airfoil angle (the shape of a blade that looks transversely), giving high

aerodynamics while reducing drag at low and high pressures.

e. Straight-bladed TASV designs with rectangular or rectangular cross sections have a larger blow
area for a certain diameter than TASV circular circle area.

cooe

Deficiency:

a. Most TASV produces energy only 50% of TASH efficiency because of the additional drag it
has when the wheel rotates.

b. TASV does not take advantage of faster winds at higher elevations.

c. Most TASVs have low initial torque and require energy to start spinning.

d. ATASV that uses a cable to connect puts pressure on the base bearing because all rotor weights
are charged to the impact.

e. Cables connected to the top of the bearing increase thrust downward when the wind is blown.

The wind turbine forms a cycle of increasing the total torque value when rotating at multiples of 120°
for three-blade turbines and 90° for four-blade turbines, starting after the wind turbine through 90°
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rotation. The total torque value is higher as the wind speed increases, and the maximum total torque
value of the three-blade turbine is greater than the four-blade turbine, but the total four-blade turbine
torque graph profile is more stable. This happens because the more blades used in the Darrieus wind
turbine, the more "blocking" blades with a small or minus torque value will reduce the performance of
the wind turbine.

Referring to Anang Prasetyo's paper [7], certain times have a major impact on the voltage and current
produced by the generator. Wind is one form of energy available in nature. Wind power plants convert
wind energy into electrical energy using wind turbines or windmills. The way it works is quite simple,
the wind energy that rotates the wind turbine, is continued to rotate the rotor in the generator at the
bottom of the wind turbine, so that it will produce electrical energy. Based on this principle, the
calculation of kinetic energy can be done by referring to wind speed.

Ek = pV? 1)
Where:
Ek = Wind kinetic energy (joule)
p = wind density (kg/m3)
V = wind speed (m/s)

The torque value (rotational speed) also increases. However, referring back to Anang Prasetyo's
paper regarding the number of blades (blades) on the turbine can also affect the rotational speed of the
turbine. It was explained in Anang Prasetyo's paper that the 4 blade (turbine) turbine has greater torque
compared to 3 blades (blades), because the more blades, the more effective the turbine is to catch the
wind.Then the gearbox on the turbine also affects the output of the turbine. If the turbine is bigger than
the generator rotor part, the greater the torque in the rotor and the greater the output.

4. Conclusion

Based on the results of the research, it can be concluded as follows: The Vertical Axis Wind
Turbine (VAWT) has a smaller efficiency compared to horizontal axis wind turbines, because most
VAWTSs have a low initial torque and require energy to start rotating. However, TASV has the advantage
of not needing a large tower structure and not having to change its position if the wind direction changes.
The smaller the diameter accompanied by the greater number of blades, the greater the rotational speed
of the pinwheel, the smaller the torque of the wheel and the potential power (Pk) produced on the
pinwheel also increases. To generate large torque on the generator, the gearbox on the turbine is bigger
than the gearbox on the generator, so the energy generated by the generator is even greater.
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