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This paper presents an investigation of an axial generator for a small vertical-axis wind 

turbine. The performance of the axial generator design is tested by knowing the output 

voltage produced by varying the rotation. The generator is designed to generate three 

phases of electric power. And then through the wind turbine controller, three phases of 

alternating current are converted into direct current/DC. The Axial generator uses 

neodymium permanent magnets with many winding poles of 12 pieces. The coil uses 0.5 

mm diameter copper enamel wire with a total of 400 turns each. A voltage of 30 Volt DC 

is obtained for the rotation of the axial generator at 300 rpm. For application, the generator 

can be used for a small vertical-axis wind turbine for stand-alone street lighting, which 

needs only 12 Volt of DC. 
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1. INTRODUCTION

The use of renewable green energy that is environmentally 

friendly is still very low that can be utilised by people in 

Indonesia. The low utilisation is due to limited knowledge of 

scientific insight and a lack of socialization in the community. 

Countries such as Europe and America that have developed 

wind energy (wind energy) have proven that this energy can 

be cheaper than using conventional energy. Green energy is 

not only a way to save energy, it is also needed to build a 

healthy environment for human life and its ecosystem [1-3]. 

Indonesia has known as an archipelagic country that has a 

very long coastline, where the sea breeze blows all the time. 

By the equator, the wind speed in Indonesia is quite low 

compared to the equatorial area. Therefore, in realising a 

renewable energy generation system, the appropriate 

technology must be selected [4]. For this reason, this research 

is designed to manufacture a low-speed wind power plant. 

Stand-alone renewable energy-based power-generating 

options appear to be the ideal choice [5, 6]. This is following 

the specifications of a vertical wind turbine which is suitable 

for operating at low wind speeds [7]. The success of making 

low-speed generators is expected to be a solution to the 

advantages of vertical wind turbines. In addition, this success 

can be a connector of knowledge for the world of education 

and the Indonesian people, especially in developing clean and 

environmentally friendly renewable energy.  

1.1 Wind turbine 

The wind turbine converts the kinetic energy of the wind 

into mechanical energy from a rotating shaft [8]. The 

mechanical energy that drives the generator shaft is converted 

into electrical energy [9]. The torque and nominal speed are 

the mechanical outputs of the rotor that influence the load and 

speed of the generator [10]. Wind turbines use kinetic energy 

from wind speed causing the rotational motion to generate 

electrical energy. The electricity generated can be used for 

homes or businesses. A single stand-alone wind turbine can be 

used to generate electricity on a small scale power for one 

house [4]. The wind turbine developed is a micro-scale power 

plant where the energy produced is lower than 1500 watts [3, 

11, 12].  

Wind turbines based on the axis of the drive shaft are 

divided into two types, namely Vertical Axis Wind Turbine / 

VAWT and Horizontal Axis Wind Turbine / HAWT [13, 14]. 

Horizontal axis turbines have advantages over vertical axis in 

terms of power efficiency [3, 15]. Power efficiency is 

measured by the power coefficient (Cp). However, new 

research shows that vertical wind turbines are more suitable to 

be applied in areas with low wind speeds [16, 17]. Another 

advantage is that it does not require a wind rectifier and has 

better and stronger construction stability. In terms of 

increasing the efficiency of the power generated from a wind 

turbine, it is necessary to design a low-speed generator that can 

operate with low rotation [18, 19].  

Wind turbines are classified based on the rotational speed 

of the turbine into two parts, namely variable speed wind 

turbines (VSWT) and fixed speed wind turbines (FSWT). 

FSWT is a wind turbine with a rotating rotor with a constant 

angular speed with a change in speed which is determined 

based on the gear ratio, number of generator poles and system 

frequency. FSWT has several advantages of a simple system, 

the use of low-cost power electronics circuits, and low 

maintenance, such as power inverters and power rectifiers. 

However, FSWT has weaknesses that the wind turbine cannot 

operate at varying wind speeds, so the energy produced is 

small and cannot achieve maximum efficiency [11, 20]. 

1.2 Permanent-Magnet Synchronous Generators (PMSGs) 

Generators use mechanical rotational energy to spin a 

magnet across a coil of wire, or vice versa. An electromagnetic 

field is generated in the wire, which is proportional to the 
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number of loops (N) and the change in magnetic flux [18]. The 

amount of electromotive force/emf is generated by generators 

according to Eq. (1), which is known as Faraday’s law of 

electromagnetic induction. 

 

𝑒𝑚𝑓 = 𝑁 𝑑Φ/𝑑𝑡 (1) 

 

where: 

Emf = Electro motion force (Volt) 

N = number of loops 

Φ = flux magentic (weber) 

t = time (second) 

dϕ/dt = changes of rotational speed 

 

Eq. (1) shows that if a generator either changes its rotational 

speed (dϕ/dt) or the number of loops (N) it will change the emf. 

If any generator speed is desired to decrease then increasing 

the number of coils of wire will cancel the change in emf that 

comes from a change in the generator's rotational operational 

speed. this method It will allow the generator to run at a lower 

speed and be used for energy generation [21]. To increase the 

power of the generator, the magnetic field generated can take 

advantage of the special advantages offered by high-power 

rare earth permanent magnets [22]. The rare earth permanent 

magnet is a high-energy NdFeB type [23]. 

Three-phase generator has three windings spaced with a 

distance between one phase so that the induced voltage in one 

phase is 120° to the other two phases. The resulting voltage 

waveform in each phase is plotted on a graph, the phases at an 

angle of 120° with each other versus time. The three-phase 

generator scheme as shown in Figure 1 consists of three single-

phase generators that produce a phase-out voltage of 120°. The 

three phases are independent of one another (RST). Generator-

connected coils have two types namely WYE star-connected 

and delta-connected coils. Coil-connected generators in a 

three-phase system using star connections have been used by 

Latoufis et al. [24] for his research on the design and 

manufacturing processes for coreless axial flux permanent 

magnet generators [24]. Figure 1 shows the simplified 

schematic, view (a) shows all the windings of each phase 

lumped together as one winding, view (b) is WYE star-

connected, and view (c) is delta-connected coils. 

 

 
 

Figure 1. The three-phase generators connection (a) lumped 

connected, (b) WYE star-connected, and (c) delta-connected 

coils 

The rotation of the rotor on the generator along the two 

polestek the distance between the center of the magnetic pole 

and the center of the magnetic pole is then measured on the 

circumference of the stator iron, it will cause an induced 

voltage in the winding. The poolstek is the distance between 

the middle of the magnetic pole to the middle of the magnetic 

pole then measured around the stator iron. The number of 

periods in each second is the frequency (f), then the amount of 

the emf is multiplied by fv, to get the effective value all must 

be multiplied by the comparison number. Because the number 

of stator windings consists of as many wire turns as many as 

W, the amount of emf generated on the generator is shown in 

Eq. (2) [21]. 

 

E = 4. f. fv. Φ. N (2) 

 

where: 

E = voltage (Volt) 

f = frequency (Hz) 

fv = multiple number 

𝛷 = flux magentic (weber) 

W = turns of wire 

 

There are two types of generators based on the axis of 

rotation, namely axial flux generators and conventional radial 

flux generators. Axial flux permanent magnet machines 

(AFPM) have significant advantages over radial flux machines, 

such as high torque density, low rotor losses and high 

efficiency [25, 26]. AFPM machines can be classified by the 

placement of the magnets, the type of windings, and the 

number of rotors and stators. AFPM machines can be designed 

based on the placement of surface-type or embedded 

permanent magnets in the machine. The magnets in the AFPM 

machine can be placed on the rotor and stator. If the magnets 

are placed in the stator, the axial flux machine will be a type 

of axial flux field shifting permanent magnet machine 

(AFFSPM). Based on the number of rotors and stators, they 

are divided into three categories, namely single-sided 

structures, double-sided structures and multi-disk structures 

[18]. Pop [23] reported the results of his research using three 

types of constructs for wind turbine generators. in his work, he 

uses a permanent magnet synchronous generator (PMSG), but 

one has axial-flux topology (AF-PMSG), another is radial-flux 

outer-rotor (RFOR -PMSG), while the third is radial-flux 

inner-rotor (RFOR -PMSG) type. RFIRPMSG). Each of the 

three PMSG topologies was investigated using finite element 

field analysis to comparatively demonstrate the advantages 

and disadvantages, respectively [23]. Generator performance 

is tested at several operational speeds to determine the 

maximum power output with various speed variations. Open 

and short circuit tests are carried out at the desired speed of 

300 rpm. With this information, the operational parameters of 

the generator can be obtained. The generator power output 

target of 60 watts is expected at 300 rpm [21].  

The study reported a similar topic, but he used the finite-

element (FE) simulations for analysis the axial-flux generator. 

The reported paper used the Finite-element (FE) simulations 

are performed an electromagnetic field analysis software 

package that supports the design and development of electric 

machines, actuators, circuit components etc. [23]. Dehshiri 

and Ketabi [18] reported, that the innovative structure of rotor 

teeth and the new magnet arrangement for axial-flux generator 

used rectangle permanent magnets with a zig-zag arrangement. 

This paper has experimented with making low-speed axial 
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generators for a small vertical wind turbine. The performance 

of the generator design is tested by knowing the output voltage 

produced by varying the rotation. The prototype generator 

design is used as a model of a low-speed generator for a 

vertical-axis wind turbine. The final benefit is the creation of 

an energy conversion machine as a renewable energy source.  

 

 

2. METHODOLOGY 

 

2.1 Structure and design concept 

 

The axial generator is the direction of the magnetic field 

parallel to the axis of the shaft. The low-speed electric 

generator complies with the specifications for a vertical-axis 

wind turbine operating at low wind speeds. The design of the 

generator can be seen in Figure 2. 

 

 
 

Figure 2. The design of the axial flux permanent magnet 

generator machine 

 

The axial dimensions of the generator include the back 

casing rotor disc thickness, permanent magnet thickness, 

mechanical clearance gap, and stator thickness. After selecting 

a high-energy permanent magnet to determine which is 

suitable for this application and can be used, its thickness and 

quality and the actual size can be determined [24]. The 

construction of the axial generator as a whole has a diameter 

of 275 mm, a height of 75 mm, and a shaft length of 150 mm. 

 

 
 

Figure 3. Schematic of copper wire winding for three-phase 

WYE connected 

 

The generator is designed to produce three-phase AC 

(Alternating Current) using a grade N52 neodymium 

permanent magnet, with 16 poles. The coil/spool uses 0.5 mm 

diameter copper enamel wire with a total of 400 turns each 

coreless with a number of the twelve coils, it is shown in 

Figure 3. Figure 4 shows the winding copper wire of the stator 

topology with the WYE connection. The rotor is up and below 

the side, where permanent magnets are placed. Figure 5 shows 

the AF-PMSG has a double-rotor-one-stator topology. Rotor-

PM is of Nd-Fe-B 52SH type with axial magnetization. 

 

 
 

Figure 4. Axial generator wire winding of stator topology 

 

 
 

Figure 5. Configuration of permanent magnet double rotor 

topology of axial generator  

 

2.2 Experiment set-up 

 

The scheme of the generator testing with the load battery 

and load lamp is shown in Figure 6. The various test uses the 

rotation of the rotor generator, voltage and electric current is 

measured by a Volt meter. Various speed tests with rotation 

according to variations in wind speed are used as kinetic 

energy for wind turbines that change according to weather 

conditions. variations in the rotational speed of the turbine by 

the generator are converted into electrical energy. The 

electrical energy by using the charge controller is stored in a 

battery. In dark conditions, the light will automatically turn on 

which is controlled by the charge controller. Figure 7 shows 

the three-phase bidirectional AC to DC converter topology 

which transfers electric power between the three-phase AC 

voltage supply and the DC voltage bus. 

 

 
 

Figure 6. The scheme of generator electrical test for lighting 

lamps 
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Figure 7. Three phase three-phase bidirectional AC to DC 

converter 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Emf generation 

 

The performance of the generator design is tested by 

knowing the output voltage produced by varying the rotation. 

From the results of the manufacture, the performance test of 

the generator was carried out. The results of these tests are the 

characteristics of the three-phase generator with RST 

polarization as shown in Figures 8 (a), (b), (c) and (d) which 

measurements are carried out without load. The black lines 

chart in Figure 8 were generated by the trendline of the chart 

in the distribution of the data. The test includes measuring the 

three-phase RST voltage and the output DC voltage from the 

controller as the effect of rotation (rpm) on the voltage 

produced under no-load conditions.  

 

 
(a) Graph of the effect of rotation (rpm) on AC voltage (V) at 

the output of the R-S cable 

 

 
(b) Graph of the effect of rotation (rpm) on AC voltage (V) at 

the output of the R-T cable 

 
(c) Graph of the effect of rotation (rpm) on AC voltage (V) at 

the output of the S-T cable 

 

 
(d) Graph of the effect of rotation (rpm) on DC voltage (V) 

on the wind controller 

 

Figure 8. The influence of rotation on the output of the wind 

turbine controller on DC voltage 

 

Knowing the characteristics of the sine wave on the 

oscilloscope engine produced by this low rotation generator as 

a function of rotational speed. The measurement of the output 

voltage from the generator is in the form of the three-phase 

voltage, with the help of a control device (wind turbine 

controller) that converts from three-phase AC to DC. The 

results of the voltage measurement coming out of the generator 

are three-phase RST and from the controller.  

 

3.2 Emf generation with load 

 

The test results of the generator are measured in the form of 

voltage and current at a load of 10 watts and 20 watt. In the 

buck converter set the voltage to 12 Volt, this is adjusted to the 

voltage at the load of 12 Volt. The voltage generated from the 

generator is highly dependent on rotation [27]. While the 

rotation of the wind turbine also depends on the wind speed. 

Testing the generator results from measuring the voltage that 

comes out of the axial generator from the wind controller, the 

measurements are carried out with a load of 10 watt  and 20 

watt. The results of voltage and current measurements in the 

presence of a load can be seen in Figures 9 (a), (b), and (c). 
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(a) Effect of rotation (rpm) on voltage (Volt) with a load 

variation of 10 watt and 20 watt 

 
(b) Effect of rotation (rpm) on current (mA) with a load 

variation of 10 watt and 20 watt 

 
(c) Effect of rotation (rpm) on out power (watt) with a load 

variation of 10 watt and 20 watt 

 

Figure 9. The influence of rotation on the output of the 

controller in the form of DC voltage with the influence of an 

electrical load of 10 watt and 20 watt 

 

The condition at 300 rpm in Figure 9 (a) shows the 

measurment  reach the voltage of the lamp of 12 Volt DC at 

load10 watt and load 20 watt. If the rotation of generator was 

raised more then 300 rpm the voltage reach maximum at 12 

Volt DC on the charge controller, but the current increase with 

increase the rotation of generator, it shows in Figure 9 (b). 

While the use of electrical equipment components such as 

batteries, and lights work at a constant voltage. So if the output 

electricity from the control device fluctuates or exceeds the 

component's voltage capability, it can damage the electrical 

system due to unstable voltage. To stabilize the voltage, efforts 

are being made to store electrical energy with batteries. The 

output of DC electric current from the wind controller is 

channelled to the DC controller which will continue the 

storage of electrical energy to the battery, and through the DC 

controller DC electrical energy is also channelled to the load 

[28]. The influence of rotation on the output voltage stable 

condition of the output obtained can fluctuate so that the 

electrical conditions are safe, and there is no voltage overload. 

The effect of the generator rotation on the current at each load 

shows that the linear curve has not yet reached the maximum 

condition. The effect of generator rotation on power at each 

load shows an increasing curve.  

From the above result, it is easily concluded that the voltage 

output increases as turbine rpm increases. The different 

parameters like Voltage, Current and DC power is better than 

the existing system output.  It is also seen that if the generator 

in the model is connected in series or parallel will produce 

more voltage. It can be easily useful for DC equipment or 

either to convert DC into AC rectifier systems as well as a 

transformer will be recommended [29]. This is by following 

the theory of the relationship between power and wind turbine 

rotation speed, the greater the rotation, the greater the power 

generated. The wind has kinetic energy, in a wind turbine the 

kinetic energy is used to turn the propeller into rotational 

energy. The rotational energy is transferred by a shaft leading 

to the generator. Rotational energy by the generator is 

converted to produce electrical energy. the amount of wind 

energy that can be converted is directly proportional to the 

wind speed raised to the third power, it is shown in Eq. (3) [30] 

 

𝑃 =
1

2
𝐶𝑝𝜌𝐴𝑣3 (3) 

 

where: 

P = power (watt) 

Cp = coefficient power (unitless) 

ρ = air density (kg/m3) 

A = Area (m2) 

v = wind speed (m/s) 

 

Individual small wind turbines can be used to generate 

electricity on a small scale [4]. As the wind turbine generators 

exhibited a significant difference in power generation, 

depending on the installation area and the wind occurrence 

frequency [31]. The small-scale applications of wind turbines 

in the long run with the development of generator technology, 

and the utilization of wind energy are still promising [32]. The 

goal of the research use this generator for used as street 

lighting. An illustration of street lighting with energy sources 

from a wind turbine can be seen in Figure 10. 

 

 
 

Figure 10. Illustration of stand-alone street lighting by a 

small vertical axis wind turbine using the axial generator 
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4. CONCLUSIONS 

 

The low-speed generator has been successfully 

manufactured, and it is shown from the results of research that 

at 300 rpm rotation can produce a voltage of 30 Volt DC. This 

voltage is large enough to charge the battery with a voltage of 

12 Volt DC. This generator is suitable for use for small 

vertical-axis wind turbines. 
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NOMENCLATURE 

 

E voltage (volt) 

f frequency (Hz) 

fv multiple number 

W turns of wire 

P power (watt) 

Cp coefficient power (unitless) 

ρ air density (kg/m3) 

A Area (m2) 

v wind speed (m/s) 
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