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Abstract

Abstract: The demand for electrical energy in Indonesia has experienced a significant surge, becoming indispensable
for nearly all modern activities. However, despite this surge, the primary energy source for power plants continues to heavily
rely on fossil fuels. Consequently, it is imperative to transition towards renewable energy sources to mitigate environmental
impact and tackle the prevailing energy crisis. In response to this need, permanent magnet synchronous generators have
emerged as a promising alternative within the electricity industry. These generators operate by utilizing permanent magnets
to generate a magnetic field within the coil, thereby eliminating the necessity for excitation current. By leveraging renewable
energy sources such as wind or hydro power, these generators strive to optimize electricity production and alleviate the
ongoing energy crisis. This research project aims to repurpose materials sourced from used water pump motors, including
rotors and stators, to construct permanent magnet synchronous generators. The process involves incorporating permanent
magnets into the rotor and modifying the original motor winding. Through rigorous testing involving the application of a 40
Ohm load and varying rotational speeds between 2000 and 1600 rpm, the research reveals that the generator can generate a
minimum power output of 0.7 Watts at 200 rpm and a maximum power output of 41.8 Watts at 1600 rpm. The optimal
efficiency of 75.78% is attained at 400 rpm. Overall, this research underscores the potential of repurposing existing materials
to develop renewable energy solutions, offering a sustainable approach to addressing not only the energy needs of Indonesia
but also those of other regions globally.
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1. Introduction

The rapid population growth in Indonesia has led to a corresponding surge in the demand for electrical energy,
which has become an essential commodity in modern society (Andika & A. Hamzah, 2018a, b; Nugraha et al., 2022).
Historically, fossil fuels have been the primary source for electricity generation, but the dwindling supply of these
conventional energy sources poses a significant challenge. In light of this, the adoption of new renewable energy sources
presents a viable solution to address the increasing energy needs of the community (Piggott, Kirby, & Piggott, 1999;
Sunarlik, 2017; Suhada & Yasri, 2018).

However, the high cost of materials required for constructing generators remains a barrier for many individuals,
prompting them to rely on conventional electricity supplied by PLN (Stephen, 1999; Goeritno & Hidayat, 2015). To
circumvent this issue and make generator construction more affordable, it is possible to repurpose used items such as
water pump motors (Soepranto et al., 2018; Sofyan et al., 2023). These motors share similar construction principles with
conventional generators and can be modified to create robust and cost-effective generator alternatives (Nugraha et al.,
2023a, b, ¢, d, e, f, g). By leveraging existing materials and technology, communities can access reliable electricity
generation solutions without incurring prohibitively high costs.

2.  Material and methods
In conducting a research, there are several stages that must be carried out to achieve goals and get a
good and accountable research result According to the research (Supiyadi et al., 2023; Intyanto et al., 2023) the
equation used for adjusting sensor readings is as follows:
2.1. Flowchart Diagram
The research stages are outlined in a flow chart presented as Figure 1, while Figure 2 depicts the flow
chart to be utilized in this study. If the current value aligns with the calculated value, data collection
will proceed.
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2.2. Design

The following is the design of the 3-phase radial flux PMSG made:
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Figure 1. Flowchart research

A
Figure 2. (A) Motor Construction ,(B) Stator Constraction

Figure (A) shows the design and shape of the rotor to be used. The protruding part is the magnet with
two layers. while part (B) displays the stator design that will be used (Nugraha et al., 2023h, i, j, k, 1, m). The
number of slots used is 24 slots where in the slot will be installed coils or windings using email wire with a
predetermined size and number (Nugraha et al., 2023n; Apriani et al., 2023). Table 1 is the specification of the

generator made.

Tabel 1. Generator specifications

No. Characteristics Size
1. Rotor Diameter 51 mm
2. Stator thickness 32 mm
3. Stator Inside 53 mm
Diameter
4. Rotor Length 30 mm
5. Number of coils 50 lilit
6. Winding diameter 0.4 mm
7. Magnet dimensions 40x10x3 mm
8. Magnetic Materials Neodymium N50
9. Air Gap 2 mm
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2.3. Winding
Several winding methods are employed in generators to achieve the desired voltage output.
The generated voltage should ideally be at its peak and closely resemble a sinusoidal waveform. Each
slot within the stator needs to be equipped with coils to maintain its qualification as an electrical
apparatus. These slots can be occupied by either a single coil, dual coils, or even multiple coils.
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Figure 3. Generator Winding

3. Results and discussion
3.1. Generator Calculations
The power of the generator can be determined using equation 1 (6), and the resulting value is as
follows:
p = 0,053 X 0,032 X 0,572 X 0,945 X 6,25 X 1,4 X 12000 % 0,85
p=38w

By using the power value generated according to the calculation of 38 watts, and with a predetermined

voltage of 36 volts, the current obtained can be calculated by the formula 2:
38

[=——— =0.214
V3x3x36

After calculating based on the existing equation, the maximum magnetic flux value is determined to be
0.0004032 Wb. Based on the current value that has been obtained, the safest wire size to use is 0.4 mm.

With this information, the number of turns can be determined using equation 3 :

Nc = 30 = 50,27
€= 24~ 2%

4,44 x 50 x 0,0004032 x 3

Based on the calculation results above, the number of turns required for the generator is 50 turns. This
number of turns will be adjusted to the number of slots available, which is 24. Therefore, a total of 24
coils are required with each coil having 50 turns.
3.2. Generator Testing
Generator testing is carried out when open circuit and when loaded with 40 Ohm. The following
are the generator test results
a. Open circuit generator
Experiments were conducted following the previously outlined procedures, with rotational
speeds ranging from 200 to 1600 rpm. Table 2 displays the test outcomes of the generator under
open circuit conditions or without load. The voltage readings indicate that the lowest value
recorded is 9.2 V at a rotational speed of 200 rpm, while the highest voltage is attained at 1600
rpm, yielding a voltage of 60.01 V.

Tabel 2. Result open circuit

Revolution per minute (RPM) Voltage (V) Current (A)
200 9.2 0
375 13.9 0
400 14.25 0
600 223 0
800 29.12 0
1000 37.68 0
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Revolution per minute (RPM) Voltage (V) Current (A)
1200 44.57 0
1400 51.72 0
1600 60.01 0

Figure 3. Graphic result
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The graph depicting voltage and current values under open circuit conditions illustrates their
variation with changes in rotor rotational speed. It is observed that as the rotational speed of the
generator increases, the voltage value also shows a corresponding increase.

b. Loaded generator

Tests were conducted using a 40 ohm lime resistor at the same range of rotation speeds,
i.e. 200 to 1600 rpm. From the data listed in Table 3, it can be observed that the lowest voltage
and current values occurred at a speed of 200 rpm, with a voltage of 6.4 V and a current of 0.11
A. In contrast, the highest voltage and current values were recorded at a rotation speed of 1600

rpm, with a voltage of 41.8 V and a current of 1 A.

Tabel 3. Result Load circuit

Revolution per minute (RPM) Voltage (V) Current (A)

200 6.4 0.11
375 9.6 0.23
400 10.8 0.25
600 16.4 0.39
800 212 0.5
1000 273 0.6
1200 32.6 0.79
1400 36.6 0.89
1600 41.8 1

3.3. Analyze

From the data obtained during testing, the input power can be calculated using the voltage
generated under no load and the current drawn under load. This calculation can be performed using

the following equation 4:

P, =V3XE, X1,

Tabel 4. Input power value

Revolution per minute (RPM) Voltage (V) Current (A) Power
200 9.2 0.11 1.75
375 13.9 0.23 5.54
400 14.25 0.25 6.17
600 223 0.39 15.06
800 29.12 0.5 25.22
1000 37.68 0.6 39.16
1200 44.57 0.79 60.99
1400 51.72 0.89 79.73
1600 60.01 1 103.94
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The minimum power value is observed at a speed of 200 RPM, measuring 1.75 watts, while the
maximum power value is recorded at 1600 RPM, amounting to 103.94 watts. Additionally, the analysis
of output power values can be conducted by utilizing the voltage and current measurements obtained

under load conditions as follows :
Poue = V3 X Vp X I,

Tabel 5. Output power value

Revolution per minute Voltage (V) Current (A) Power
(RPM)

200 6.4 0.11 1.22
375 9.6 0.23 3.82
400 10.8 0.25 4.68
600 16.4 0.39 11.08
800 212 0.5 18.36
1000 27.3 0.6 28.37
1200 32.6 0.79 44.61
1400 36.6 0.89 56.42
1600 41.8 1 72.40

The lowest power value occurs at 200 RPM, which is 1.22 watts, while the maximum power occurs
at 1600 RPM, reaching 72.40 watts [7].Efficiency is calculated by comparing the input power with the
output power, using the following equation 3 [8]:

Pout

X 100%
Pin

‘[":

It can be seen that the best efficiency value during testing was at a speed of 400 rpm with an efficiency

value of 75.79%.
Tabel 6. Result efficiency

P IN P OUT Efisiensi

1.75 1.22 69.57

5.54 3.82 69.06

6.17 4.68 75.79
15.06 11.08 73.54
25.22 18.36 72.80
39.16 28.37 72.45
60.99 44.61 73.14
79.73 56.42 70.77
103.94 72.40 69.66

4. Conclusion
The test results demonstrate a clear correlation between the generator's rotational speed and the
power generated, with higher speeds resulting in greater power output. At a rotational speed of 1600 rpm, the
generator achieves its highest power output, generating 72.40 watts. Conversely, the lowest power output of
1.22 watts is observed at a speed of 200 rpm. Efficiency, measured as the ratio of output power to input power,
peaks at 75.79% when the generator operates at 400 rpm under a load of 40 ohms.

These findings underscore the importance of optimizing rotational speed to maximize power
generation efficiency. By understanding the relationship between rotational speed and power output, further
improvements can be made to enhance the performance and effectiveness of the generator in meeting energy
needs efficiently.
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