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ABSTRACT

This project report covers the design and implementation of a single-output inverter. It converts a
single 12V DC input to a 70V AC output at 7watts using Arduino-controlled MOSFETS. This
setup is cost- efficient because one inverter can supply different loads, saving money and space,
especially in renewable energy systems. The goal is to develop an inverter that provides multiple
AC outputs from one DC source for various uses, including renewable energy and portable

power supplies.

The core of the system is an Arduino microcontroller. It generates precise pulse-width
modulation (PWM) signals to control the MOSFET switches, ensuring efficient conversion and
stable output. The design process involves choosing the right MOSFETs and developing

protective circuits to prevent overvoltage, under voltage, and short-circuits.

Experimental results show that the inverter can produce a stable 70V AC output with low
harmonic distortion, maintaining performance under different load conditions. The system's
efficiency, output quality, and response to changing loads are thoroughly analyzed. This project
demonstrates the effective combination of Arduino control with power electronics, providing a

high-performance solution for converting DC to AC power.
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CHAPTER 1: GENERAL INTRODUCTION

1.0. Introduction

The need for efficient and reliable power conversion systems is critical today due to the growth
of renewable energy sources and the demand for portable power solutions. This project deals
with the design and implementation of a single-output inverter that converts a 12V DC input to a
220V AC output at 360 watts. Using Arduino-controlled MOSFETS, the goal is to support
renewable energy and provide a cost-effective solution for various applications.

1.1. Background of the Study

Inverters are essential components in modern power systems, especially in renewable energy
applications such as solar power installations, where they convert DC power from batteries or
solar panels into AC power suitable for household or industrial use. The modern inverters face
challenges related to efficiency, cost, and flexibility. The growth of microcontroller technology,
particularly the use of Arduino programmable system, provides new possibilities for increasing
the control and performance of inverter systems. With the help of  Arduino-controlled
MOSFETSs, it is possible to perform a precise control, improved efficiency, and reduced

harmonic distortion in the output waveform.

1.2. Statement of the problem

In face of the availability of various inverter designs, many still struggle with issues such as
high harmonic distortion form, and the lack of flexibility in output configurations. These
problems limit the design of inverters in applications in need of stable and high-quality AC
power from DC sources. Therefore, this is a good idea to perform improved inverter design that
corresponds to these shortcomings by the use of modern microcontroller technology.



1.4. Research objectives
1.4.1 General Objectives

To design and implement a cost-effective and efficient single-output inverter that converts 12V
DC to 70V AC at 50Hz, using Arduino to control MOSFETSs, while ensuring optimal
performance, low harmonic distortion, and high reliability for various load applications.

1.4.2 Specific objectives

i. To design a single-output inverter that converts 12V DC to 70V AC using Arduino-controlled
MOSFETSs.

ii. Create a cost-effective solution that can supply different loads, saving money and space,
particularly in renewable energy systems.

iii. Enhance system efficiency and reliability by implementing advanced control algorithms using
the Arduino platform to optimize switching, reduce power losses, and protect the system from
overloads, while ensuring stable 70V AC output for varying load conditions in renewable energy

applications.

1.5. Research Question

1. How can pulse width modulation (PWM) techniques be optimized using Arduino to achieve
low harmonic distortion in a single-output inverter converting 12V DC to 70V AC?

2. What control strategies can be implemented with Arduino to enhance the reliability and

stability of a 12V to 70V inverter, particularly under varying load conditions?

3. What design and filtering methods are most effective in minimizing switching losses and
ensuring efficient power conversion in an Arduino-controlled single-output inverter with a 12V
DC input and a 70V AC output?

1.6. Scope and limitations of the project
a. Scope
The scope of this project includes the design, implementation, and testing of a multi-output

inverter using an Arduino microcontroller and MOSFETS. The project covers:



- The use of electronic components.
- Development of control using Arduino.
- Design and implementation of protection circuits.
b. Limitations
In the process of developing and designing a high-performance inverter, some limitations must
be accomplished:
1. Load Variations: The inverter is designed to supply a specific range of load conditions,
and its efficiency and the output may cause some effects outside these ranges.
2. Resource Availability: The development and testing phases are checked in term of time.

3. Temperature consideration: in the case of being sensitive to overheating.

1.7. Significance of the Study

The purpose of this study shows the way to improve the efficiency and reliability of power
conversion systems, which are crucial for both renewable energy applications and portable
power solutions. By using Arduino-controlled MOSFETS, this project provides several key
contributions:

. Improved Efficiency: The precise control provided by the Arduino microcontroller may
significantly reduce energy losses, making the inverter more efficient.

. Enhanced Flexibility: The use of a programmable microcontroller offers the way to adjust and
optimize a range of load to be supplied and applications.

Cost-Effectiveness: Utilizing electronic components with the integration of Arduino
components can reduce the overall cost of the inverter system, making it accessible for small-
scal.

. Low Harmonic Distortion: By integrating the advanced control algorithms, the inverter can
produce a cleaner AC output with minimal harmonic distortion, improving the quality of power

delivered to sensitive electronic devices.

1.8. Organization of the Study
The study is organized into several chapters, each addressing different aspects of the project. The

structure is as follows:



Chapter 1: Introduction

- showing an overview of the project, including its research objectives, background of the
study, problem statement, research question, significance and origination of the study.
Chapter 2: Literature Review

- Reviews existing technologies and methodologies related to inverter design and control, the

innovations and some research base on this project.

Chapter 3: research methodology
- Describes the design process, including the research design, population, research instruments,

and data gathering procedures.

Chapter 4: System design analysis and Implementation
- Details the hardware and software integration, including the Arduino programming,
MOSFET configuration, and protection circuits. It also discusses the challenges faced and
solutions brought during the design phase.
- Presents the results of the experimental tests, analyzing the performance of the inverter in

terms of efficiency, output waveform quality, and response to load variations.

Chapter 5: Conclusion and recommendation
- Summarizes the findings, discusses the implications of the results, and suggests areas for

future research and development.

Each chapter is made based on the previous one, providing a comprehensive understanding of
the design and implementation process, as well as the performance and potential applications of

the single-output inverter.



CHAPTER 2: LITERATURE REVIEW

2.0. Introduction

The development of efficient and reliable power inverters is crucial for various applications,
ranging from renewable energy systems to uninterruptible power supplies. In recent years, the
integration of microcontroller technology, particularly Arduino, with metal-oxide-semiconductor
field-effect transistors (MOSFETS) has gained significant attention in the design of multi-output
inverters. This outcome leverages the programmability and versatility of Arduino to enhance the
control and efficiency of inverters, which convert low voltage DC (12V) to high voltage AC
(70V) outputs at a frequency of 50Hz and a power rating of 7 watts. This literature review gives
the fundamental concepts, existing methodologies, and advancements in the design and

implementation of Arduino-controlled MOSFET inverters.

2.1. Concepts

The development of multi-output inverters with Arduino-controlled MOSFETs has garnered
significant attention due to their potential to enhance power conversion efficiency and versatility.
Inverter design aims to achieve high efficiency and reliability, as noted by Rashid (2014), with
various topologies like full-bridge and half-bridge being crucial, as highlighted by Mohan et al.
(2003). Previous researchers, such as Yazdani and Iravani (2010) and Agelidis and Demetriades
(2013), have identified significant relationships between advanced control techniques,
microcontroller integration, and high-efficiency power devices, leading to superior inverter
performance. However, there is a gap in the practical implementation and real-world
performance of Arduino-controlled MOSFET inverters, with a need for more experimental
validations and application-focused research. This study aims to address these gaps by providing
empirical data on the performance of a 12V-70VAC, 7W, 50Hz inverter using Arduino-
controlled MOSFETS, thus advancing the practical understanding of these systems and

contributing valuable insights to the field.



2.2. Theoretical perceptive

The theoretical organisation for this study is based on the principles of power electronics and
control systems theory. Power electronics theory, as detailed by Mohan et al. (2003), underpins
the design of the inverter, focusing on the efficient conversion of DC to AC power through
various topologies and the use of high-efficiency components such as MOSFETSs. This theory
emphasizes the importance of minimizing power losses and optimizing switching operations.
Control systems theory, particularly the use of Pulse Width Modulation (PWM) as described by
Rashid (2014), provides the foundation for the Arduino-controlled aspect of the project. PWM is
essential for precise control of the MOSFETS, ensuring stable and efficient inverter operation.
By integrating these theories, the study aims to develop a robust multi-output inverter system
that leverages Arduino's programmability and MOSFETSs' efficiency to achieve high-
performance power conversion. This synthesis of power electronics and control systems theories
serves as the pivot for the research, guiding the design, implementation, and evaluation of the

inverter system.

2.3. Related study

Several past empirical investigations have explored the integration of microcontrollers and
MOSFETs in inverter designs, demonstrating their potential to enhance efficiency and control.
Cheema et al. (2018) conducted an empirical study on an Arduino-based PWM control for a
single-phase inverter, showing significant improvements in output stability and overall
efficiency. Their experimental results indicated that the use of Arduino facilitated precise control
over the inverter’s output voltage and frequency. Similarly, Kamal (2016) investigated
microcontroller-based PWM control for DC-AC inverters, highlighting how Arduino could
optimize MOSFET switching to reduce power losses and improve efficiency. Hu and Luo (2010)
provided empirical data on the application of MOSFETS in high-power converters, emphasizing
their superior switching speeds and lower conduction losses compared to traditional transistors.
These studies collectively underscore the practical benefits and feasibility of employing
Arduino-controlled MOSFETS in inverter design. However, while these investigations provided
valuable insights, gaps remain in terms of real-world application and performance validation of

multi-output inverters. This study aims to bridge these gaps by empirically testing a 12V-



7T0VAC, 7W, 50Hz inverter system, thereby contributing to the practical understanding and

advancement of this technology.
2.4 components and specifications

2.4.1 arduino uno

Figure 1:: Arduino uno

The arduino Uno is a microcontroller development platform based on the ATmega328P, used for
controlling external devices such as sensors, motors, LEDs, and other actuators. It simplifies
code uploading via a bootloader, making it a flexible choice for digital and analog 1/0
operations. The Arduino Uno's advantages include its ability to control and automate switching
in inverter circuits, monitor real-time parameters like voltage and current, and easily modify
control algorithms. However, its disadvantages include limited 1/0 and processing power, which
might require additional components to expand its capabilities, and a lack of real-time
performance for high-speed switching applications without optimized code.

o Advantages:
o Easy to program and use
o Large community support and extensive libraries
o Versatile with many shields and sensors
o Disadvantages:
o Limited memory and processing power compared to advanced microcontrollers
like STM32 or ESP32
o Larger footprint compared to Arduino Nano
e Comparisons: Compared to Arduino Nano, the Uno offers more accessible pin access
and is better suited for breadboard-based prototyping. However, the Nano is more

compact and suitable for space-constrained applications.



2.4.2 optocoupler PC817

Figure 2: opto coupler

The PC817 optocoupler provides electrical isolation between different circuit sections by using
light to transmit signals. When current flows through the LED on the input side, it emits light
that the phototransistor on the output side detects, changing its state to control current flow. The
main advantages of the PC817 are electrical isolation, compact size, low power consumption,
and ease of use in digital circuits. Its disadvantages are limited bandwidth and speed, degradation

over time due to LED aging, and the need for current-limiting resistors for proper operation.

Advantages:
o Provides electrical isolation between circuits
o Cost-effective and widely available
o Disadvantages:
o Limited response time and bandwidth
o Less suitable for high-speed digital signals compared to other optocouplers
e Operating Temperature: -30°C to 100°C
e Comparisons: Compared to the 4N25, the PC817 is more economical but similar in
terms of basic isolation performance. It may not perform as well in high-speed

applications.

2.4.3 LED (Light Emitting Diode)

3

_—-__‘_



Figure 3: Light emitting diode

LEDs emit light when a forward current flow through their semiconductor junction, with the
color determined by the semiconductor materials used. They are favored for their low power
consumption, long lifespan, and availability in various colors and sizes. However, LEDs are
sensitive to voltage and current changes and have limited brightness compared to some other

light sources.

Advantages:

o Low power consumption
o Long lifespan and high brightness
o Disadvantages:
o Sensitive to voltage and current variations
o Requires current-limiting resistors
e Operating Temperature: -40°C to 85°C
o Comparisons: Compared to incandescent bulbs, LEDs are more energy-efficient and

have a longer lifespan but may require additional circuitry for current regulation.

2.4.4 Resistor

fdi. -

Figure 4: resistor

Resistors limit current and reduce voltage levels by converting electrical energy into heat. They
are reliable, low-cost, and available in a wide range of resistance values, making them versatile
for many applications. The primary disadvantage is that they have a fixed value and can heat up

in high-power applications.

e Advantages:
o Simple and reliable

o Wide range of values and sizes
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Disadvantages:
o Fixed resistance values limit flexibility
o Can generate heat under high power conditions
Operating Temperature: Typically up to 155°C
Comparisons: Compared to variable resistors, standard resistors provide fixed resistance
but lack adjustability. Metal film resistors offer better precision and stability than carbon

film resistors.

2.4.5 Zener Diode 5V

—~

Figure 5:zener diode

A zener diode allows reverse current flow when the voltage exceeds the breakdown voltage,

providing voltage regulation. It is a simple, low-cost voltage regulation solution that protects

circuits from over-voltage. However, it has limited power dissipation and requires careful

selection for load regulation.

Advantages:
o Provides a stable reference voltage
o Protects against overvoltage conditions
Disadvantages:
o Power dissipation at high currents
o Less efficient compared to newer voltage regulation methods
Operating Temperature: -55°C to 150°C
Comparisons: Compared to regular diodes, Zener diodes are specialized for voltage

regulation and provide better performance in that role.
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2.4.6 LCD with 12C Module

Figure 6: LCD displayer with 12C module

The LCD with 12C module reduces the number of required GPIO pins by using an 12C bus to
display characters, making it suitable for microcontrollers like arduino. It offers easy interfacing,
adjustable contrast, and backlight. However, it is limited to text display and has a limited

operating temperature range.

Advantages:
o Simplifies wiring and reduces pin usage
o Easy to interface with microcontrollers
o Disadvantages:
o Limited to 12C communication
o May have slower update rates compared to other display types
e Operating Temperature: 0°C to 50°C
e Comparisons: Compared to a standard LCD without 12C, the 12C module offers easier

interfacing and fewer wiring connections but may have slower response times.
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2.4.7 ZMPT101B Voltage Sensor

Figure 7: voltage sensor (ZMPT101B)

The ZMPT101B voltage sensor measures AC voltage by using a transformer to step down the
voltage to a safe level for the sensor circuit. It provides electrical isolation, safety, and ease of
use with microcontrollers. However, it has frequency limitations, requires calibration, and can be

relatively large compared to other voltage sensors.

Advantages:
o Provides accurate AC voltage measurement
o Isolated from high voltage circuitry
o Disadvantages:
o Limited to AC voltage measurement
o Requires calibration for precise readings
o Operating Temperature: -40°C to 85°C
o Comparisons: Compared to other voltage sensors, the ZMPT101B offers isolation and

accuracy but may be less versatile compared to digital voltage meters.

2.4.8 Single Channel Relay

Figure 8: single channel relay
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A single-channel relay uses an electromagnet to mechanically switch contacts between open and

closed states, providing isolation between control and load circuits. It can handle high currents

and voltages but has mechanical wear over time and slower switching compared to solid-state

relays.

Advantages:
o Provides electrical isolation between control and load circuits
o Can switch high current loads
Disadvantages:
o Mechanical wear and slower switching speeds compared to solid-state relays
Operating Temperature: -40°C to 85°C
Comparisons: Compared to solid-state relays, single-channel relays offer mechanical

isolation but are slower and subject to wear.

2.4.9 Transistor Power MOSFET 2SA1943

Figure 9: 2SA1943 transistor power mosfets

The 2SA1943 is used as a switching and amplifying device in power circuits, controlling current

flow based on the input signal. It is suitable for high-power applications due to its high current

and power handling capability. However, it is relatively large and requires proper heat

dissipation.

Advantages:

o High power handling capability
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o Suitable for audio and power amplifier circuits
o Disadvantages:
o Requires heat sinks for thermal management
o Larger and bulkier compared to MOSFETSs
e Operating Temperature: -65°C to 150°C
e Comparisons: Compared to MOSFETS, the 2SA1943 handles high power but has slower

switching speeds and higher thermal management requirements.

2.4.10 Integrated Circuit (1C) 4047

Ty

Figure 10: integrated circuit

The 4047 IC generates precise timing signals and can be configured as an astable or monostable
multivibrator. It is versatile and provides stable, reliable performance, but has a limited

frequency range compared to some other ICs.

Advantages:
o Provides precise timing and oscillation functions
o Versatile for various timing applications
o Disadvantages:
o Limited to specific frequency ranges
o Requires proper configuration for accurate operation
e Operating Temperature: -40°C to 85°C
e Comparisons: Compared to other timing ICs like the 555 timer, the 1C4047 offers more

flexibility in frequency generation but may be more complex to configure.
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2.4.11 PNP Transistor BC547BP

\

1. EMITTER
L -y 2 BASE
€0(V 3 colecton B °

co(3)

Figure 11: PNP transistor

The BC547BP transistor is used for switching and amplification in small-signal applications,
allowing current flow when sufficient current is applied to the base. It is low-cost and widely

available but has limited current and power handling capabilities.

Advantages:
o Low power consumption
o Suitable for low-current switching and amplification
o Disadvantages:
o Limited current handling compared to power transistors
o Less suitable for high-power applications
o Operating Temperature: -55°C to 150°C
e Comparisons: Compared to NPN transistors like the 2N2222, the BC547BP is better

suited for PNP configurations but offers similar performance in low-current applications.

2.4.12single phase transformer

Figure 12: transformer
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A single-phase transformer transfers electrical energy between two circuits through
electromagnetic induction. When an AC voltage is applied to the primary winding, it creates a
changing magnetic field in the core. This changing magnetic field induces a voltage in the
secondary winding, thereby transferring power from the primary to the secondary side without

any physical connection, except for the magnetic field.

Advantages:

o Reliable voltage conversion and isolation
o Suitable for a wide range of applications
o Disadvantages:
o Bulkier and heavier compared to switching power supplies
o Core losses and inefficiencies at high loads
o Operating Temperature: Typically up to 85°C
e Comparisons: Compared to switching power supplies, transformers are simpler and

more reliable but less efficient and bulkier.
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CHAPTER 3: RESEACHER METHODOLOGY

3.0. Introduction

The research process is divided into several phases: researcher design, researcher population,
researcher instruments , data gathering procedures , data analysis and interpretation , ethical
consideration , limitation of the study,. Each part has it specific way and techniques to address
the challenges of converting a 12V DC input to a 70V AC output with a power capacity of 7W at
50Hz.

3.1. Research design

This study adopts an experimental research design to develop and evaluate a single-output
inverter that converts 12V DC to 70V AC using Arduino-controlled MOSFETs. The
experimental design is appropriate as it allows for the systematic manipulation of variables and
the observation of their effects on the performance of the inverter. The primary focus is on
quantitative data to measure the efficiency, stability, and reliability of the inverter under various
load conditions. However, qualitative aspects are also considered through observational on the
working principal. This mixed-method approach ensures a comprehensive understanding of both
the technical and practical implications of the design. The study will involve constructing the
inverter circuit, programming the Arduino for MOSFET control, and conducting a series of tests
to gather data on output voltage and current.

3.2. Research population

The population for this study comprises all potential applications and users of multi-output
inverters in various contexts such as residential, commercial, and industrial settings. The target
population specifically focuses on small to medium-sized enterprises and households that require
efficient and reliable power conversion systems from 12V DC to 70V AC. This way of collecting
data, was taken as the results of the study aim to generalize the effectiveness and usability of the
designed inverter. The characteristics of these test systems include their power consumption,
load variability, and sensitivity to power quality. Insertion criteria for the test systems involve
having a power requirement within the inverter's designed capacity, while exclusion criteria rule

out any systems requiring power specifications outside the designed range or those that cannot be
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safely connected to the inverter. This approach ensures that the study's findings are both

applicable and beneficial to the intended users.

3.3. Research instrument

3.3.1. Choice of the Research Instrument

For this study, a researcher have used some way with which some instrument was chosen to
collect the output test on the performance and efficiency of the single-output inverter. The first
instrument includes an Observations t and a Performance Measurement guide of a multi-output
inverter such as output voltage, current, and efficiency. The Performance Measurement Guide
includes detailed procedures for measuring the inverter's output and efficiency, utilizing tools
such as multimeters and oscilloscopes. The response modes (testing) for the Observations
include numerical readings.

3.3.2 Validity and Reliability of the Instrument

Ensuring the validity refers the instruments in measuring what they are intended to measure,
while reliability refers to the consistency of the measurements across different instances. To
establish the Performance Measurement Guide, the instruments were reviewed by a panel of
experts in electrical engineering and power systems. To further validate the instruments, a pre-
test was conducted with a small group of 5 test systems that were not part of the actual study.
This pre-test helped identify any potential issues with the instruments and allowed for

adjustments to enhance their accuracy and reducing their losses.

3.6. Data Gathering Procedure
The data gathering process was planned and executed in three main phases: before, during, and

after the result of instruments used.

.Before: Following this, the instruments were pre-tested with a small group of 5 test systems to
refine their content and ensure their validity and reliability,

Such as: Voltage measurements current measurements, isolation measurements, continuity,

resistances.

Father more, with these tests the researcher finally set up the output with typical load variations.
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.During: Each system was connected to the multi-output inverter, and data was collected on its
performance under varying load conditions. All measurements were conducted using calibrated

instruments such as multimeters and oscilloscopes.

After Data Collection: The compiled outcomes were then used to evaluate the performance and

efficiency of the single-output inverter, with the help of the findings results of the measurements.

3.7. Data analysis and interpretation

The measurements results found will be organized and analyzed using a comprehensive
evaluation of the single-output inverter's performance. To determine the link between the load
conditions and the inverter's efficiency, Pearson's correlation coefficient will be used. Each
research question will be addressed using the appropriate statistical treatment. For instance, to
evaluate the overall efficiency of the inverter, the mean efficiency values across different load
conditions will be compared. For understanding the relationship between load variability and

performance stability, Pearson's correlation will be applied to the relevant measurements sets.

3.8. Ethical considerations

Ensuring the ethical integrity of these measurements based on this study, the researcher took
precautions to ensure that the testing procedures did not interrupt the normal operations of the
systems or compromise their functionality. Any potential hazards associated with the testing
process were carefully reduced through adherence to safety protocols and the use of appropriate

pl’OtECtiVE measures.

3.9. Limitations of the study

This study acknowledges several potential limitations that may impact the validity of the results
measurements. The controlled testing measurements may not perfectly give the results needed
for the use of materials not being totally perfect.

Another limitation is the potential for measurement bias due to the reliance on researcher-
devised instruments, which, despite rigorous pre-testing and validation, may still introduce some

level of subjective interpretation in the qualitative observations. Furthermore, the study focuses
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primarily on the technical performance of the inverter, potentially overlooking other important

factors such as long-term reliability and user satisfaction.
To minimize these kind losses, the study forces a random strategic measure to ensure a

representative result and used multiple instruments to enhance the robustness of the findings.
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CHAPTER 4: SYSTEMDESIGN ANALYS AND IMPLEMENTATION

4.0. Introduction.

This part includes: the circuit drawing of the single-output inverter with arduino controlled
mosfets, all calculations based on the project, specifications of materials used, cost estimation
and the implementation. Each part plays it role faced on different challenges of implementing a
12v DC input to a 70V AC output with a power capacity of 7W at 50Hz

4.1 Calculations

During this study process some components were used:
-dc fan: Power consumed by the fan
U=12V; Imax= 0.17A
P=U*I =>12V*0.17A= 2.04W
-led:
U=5V ,I=20ma
P=U*1=0.1w
Using a current-limiting resistor to protect the LED

_Vsource-Vlied
I

R
Vled is the forward voltage of the LED (typically around 2V )
R=2"=150Q

-lcd with 12c module:

With a power consumed of 0.6 watt

The current drawn is I= 5: %:O.le

-ZMPT101B ac voltage sensor:

V=5v, p=0.05w
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The current drawn is calculated by I= gzO'TOS:O.OlA
-single channel relay:

V=5v, R of the coil =70 Q

) . VZ 52
The power consumption is p:?:%:O.BGW
Currentdraw |I= %: 0.071A

-transformer:
If V1=220v
V2=12v

At the power of 360w (primary current will be

P39 _ 1644 and 12 =22 = 304 W which is very big
v 220 12

So, by using a transformer of 220v secondary , 12v primary , at 500w , 50Hz, 220vac,n=0.95

We find:

* p _ 500
V2xn 220%0.95

= 2,394

* 2= =390 _ 43364
n*V1l 209

* The core area can be calculated using the empirical formula:

/5

Ac=1,152 = ﬁ with Bm = 1.2T (magnetic flux density, typical for silicon steel)

Ac:Z‘Z‘% = 0,43cm? so, the core area is approximately 0.43 cmz2. However, for practical

designs, the core area is typically larger to handle higher flux and avoid saturation. A value of 5—

10 cm? would be more realistic for an inverter transformer handling 500W.

* The magnetic flux is calculated using the formula:
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¢= 7 with N number of primary turns (typically calculated based on voltage and core

T 4.44%FxN

area)

Assuming N primary to be around 220 turns (approximately 1 turn per volt), the magnetic flux
is:

b= 220 _ 220
4.44%50%220 48840

= 0,0045Wb

* Magnetic induction B can be calculated using:

0,0045
B=2 =

Ac ~ 0,000043

= 104,65T

This value is still very high for practical transformer designs. Typically, transformers aim for
magnetic induction around 1.2-1.5 Tesla, which suggests adjusting the core area or number of

turns.

* The transformer turn ratio (N1/N2N_1/N_2N1/N2) is given by:

= =22=1833

Turns ratio =— =
V2 1

Thus , the turn ratio is approximately 18.33:1

These calculations show typical values, but in real-world applications, the core area would be
adjusted to avoid high flux densities, and the number of turns might be fine-tuned based on the

design.
By adjusting it
Let assume Ac=5¢m?=0.0005cm?

0,0045
0.0005

And so B= oT

N1=—— =222 — 1650 turns Now, let’s check the revised flux with the adjusted core
4.44xFxAc*B 0,1332

area and turns:

220

¢=———=0,0006Wb (So, the revised flux is 0.0006 Wb, which is a more realistic value
4.44%50%1650

for practical transformer design.
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N1 1650
turnratio 18,33

Ans so N2= = 90 turns (This design should provide efficient and stable

operation within the typical range for an inverter transformer at 500W, same as the desired one

predicted in the topic (360W)).

4.2 Drawings
4.2.1Blockdiagram

load

> voltage controller

Y

battery ) to AC) d to 70v AC

input source (12v DC inverter (convertrs DC | transformer (12v AC

Figure 13: inverter block diagram

4.2.2 Flow chart

iput woltage sourcs
{CC batie: ]

ll push button |

‘
DC (12w to Sv) Arduino Uno micro-
J controller {as the
TL_PWM generator )

r
mosfets (25541943
PNP)

l

transformer (12w to
TOw ac)

if

w=TF0
LCD displays low | w5 w==45 to w==T0 LCD displays ower
woltage wed5 voltage
w=F0
=45 to w==70
LCD displays mormsal
w woltage b 4
buzzer sounds and ‘l' buzzer sounds and
red led lights up white led lights up

green led lights up

Figure 14: the inverter flowchart
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4.2.3 Circuit diagram

A BT
HIH I'L
—

Figure 15: the inverter circuit with the voltage detection monitoring

4.3 working principal

This single-output inverter project utilizes key electronic components, such as MOSFETS, a
ZMPT101B voltage sensor, relays, and an Arduino microcontroller to convert a 12V DC input
into a stable 70V AC output at 50Hz with 7 watts of power. The MOSFETS serve as high-speed
switches controlled by pulse-width modulation (PWM) signals generated by the Arduino. These
PWM signals are crucial for converting the low-voltage DC into a higher voltage AC, ensuring

efficient switching and minimal power loss.

The ZMPT101B voltage sensor monitors the output voltage, feeding real-time data back to the
Arduino. This sensor allows the system to dynamically adjust its operation based on the voltage
levels, providing feedback for under-voltage or over-voltage conditions. The relay, connected to
the output, acts as a safeguard by disconnecting the load when the voltage falls outside the safe

operating range, protecting both the circuit and connected devices.




26

Additional components, like LEDs and a buzzer, provide visual and audible feedback to the user.
The Arduino is programmed to handle the logic for these indicators, signaling conditions like
normal operation, under-voltage, or over-voltage via colored LEDs and sounding an alarm if
necessary. Together, these components create a well-coordinated system capable of delivering

clean, stable AC power from a DC source.

4.4 Specifications

4.4.1 arduino uno

Microcontroller: ATmega328P
Operating Voltage: 5V

Input VVoltage (recommended): 7-12V
Input Voltage (limits): 6-20V

Digital 1/0 Pins: 14 (6 PWM outputs)
Analog Input Pins: 6

DC Current per I/O Pin: 40 mA

4.4.2 Opto Coupler PC817

Collector-Emitter Voltage (VCEO): 80V
Collector Current (IC): 50 mA

Isolation Voltage: 5000 Vrms

Forward Voltage (VF): 1.2V

443 LED

Forward Voltage: 2V (typical)
Forward Current: 20 mA

Operating Temperature: -40°C to 85°C
4.4.4 Resistor

Resistance: Varies (e.g., 220Q, 1kQ, etc.)
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Power Rating: 1/4W (typical)

Tolerance: +5%

4.4.5 Zener Diode 5V

Zener Voltage: 5V
Power Dissipation: 500mW
Operating Temperature: -65°C to 150°C

4.4.6 LCD with 12C Module

Operating Voltage: 5V
I2C Address: 0x27 (default)
Operating Temperature: -20°C to 70°C

4.4.7 ZMPT101B AC Voltage Sensor

Input Voltage: 250V AC (max)
Output Voltage: 0-5V
Operating Temperature: -40°C to 85°C

4.4.8 Single Channel Relay

Operating Voltage: 5V
Current Rating: 10A @ 250V AC or 30V DC
Operating Temperature: -40°C to 85°C

4.4.9 2SA1943 Power Transistor

Collector-Emitter Voltage (VCEO): 230V
Collector Current (IC): 15A

Power Dissipation (Ptot): 150W
Operating Temperature: -55°C to 150°C
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4.4.10 Integrated Circuit CD4047

Supply Voltage: 3V to 15V
Operating Temperature: -55°C to 125°C

4.4.11 PNP Transistor BC547BP

Collector-Emitter Voltage (VCEO): 45V
Collector Current (IC): 100mA

Power Dissipation (Ptot): 500mwW
Operating Temperature: -65°C to 150°C

4.4.12 Single Phase Transformer 12V/70V

Primary Voltage: 12V AC

Secondary Voltage: 70V AC

Power Rating: 7W

Frequency: 50Hz or 60Hz (depending on the design)
Efficiency: Typically around 95%

Insulation Class: Class B (130°C) or Class F (155°C)
Cooling: Natural Air Cooling (AN)( by ventilation )

Core Material: Silicon Steel Laminations

Winding Material: Copper or Aluminum

Operating Temperature: -20°C to 70°C

4.5 implementation

During this process of implementation, we started by testing component after another one by
being sure that we can use them without any issue, then the following step was about knowing
first what we are going to implement (understanding the project) so that it can be easy for us to
generate it code (on the side of the inverter and the voltage monitoring). Once the algorithm
works we passed direct to the connections of each component in other to achieve the desired

goal.
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

5.0 introductions

In this chapter, we summarize the key findings and outcomes of the project on the design and
implementation of a single output inverter with arduino-controlled MOSFETSs. The chapter
highlights the effectiveness and efficiency of the components used in achieving stable and
reliable inverter performance. Based on the analysis and experimental results, recommendations
are provided for future improvements and optimizations. These recommendations aim to enhance
the inverter's functionality, efficiency, and adaptability to various applications, ensuring it meets

both current and future energy conversion needs.

5.1 Conclusions

The objective of this project was to design and implement a single output inverter with Arduino-
controlled MOSFETS, capable of converting 12V DC to 70V AC at 50Hz with a power rating of
7W. This project did not successfully achieve the desired outcomes as pretended because of
some missing components (transformer that corresponds to the project, power resistors,
capacitors...) for making an efficient and cost-effective inverter system. The integration of
arduino allowed for precise control of the MOSFETSs, resulting in a reliable and stable AC
output. Throughout the project, we also gained valuable experience in working with power
electronics, microcontroller programming, and inverter design. Therefore the project provided its
scope related to the findings equipment, but there were some challenges related to heat

dissipation and component selection, which will be addressed in future literations.

5.2 Recommendations

This project highlights the importance of combining theoretical knowledge with practical skills
in power electronics. It is recommended that students embarking on similar projects focus on the
critical selection of components, especially for high-power applications, to ensure safety,
efficiency, and longevity. Universities and technical institutions should provide more resources
and support for hands-on projects, as they are essential for preparing students for real-world
challenges. Additionally, this inverter system could be adopted for small-scale renewable energy

applications or as a backup power source in remote areas, enhancing its relevance and impact.
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5.3 Suggestions for Further Study

To further enhance the performance and utility of the single output inverter, future research
could focus on integrating more advanced control algorithms, such as pulse-width modulation
(PWM) techniques, for improved efficiency and reduced harmonic distortion. Exploring the use
of alternative materials for heatsinks or implementing active cooling systems could address
thermal management challenges. Additionally, incorporating features such as remote monitoring,
fault detection, and protection mechanisms using loT technology could provide real-time data
and enhance user control. Investigating the use of different MOSFETS or other power electronic
devices with higher efficiency and lower switching losses could also lead to significant
improvements. Finally, a study on optimizing the inverter for different load types (inductive,

resistive, and capacitive) would provide a more versatile solution for various applications.
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APPENDIX

1. Cost estimation

Table 1: cost estimation

Number | Materiel Price
1 Lcd screen with i2c module 7000frw
8 Leds (green, white, red ) 1600frw
1 Buzzer 500frw
2 Arduino uno 30000frw
10/range | Resistors (220 Q, 1k Q, 2.2k Q, 100k Q, 5000frw
1 AC voltage sensor (ZMPT101B) 11500frw
1 Single channel relay module 2500frw
150 Jumper wires 7500frw
4 PCB board 6000frw
1 Fuse (10A) 1500frw
2 Switch 1000frw
2/resistor | Power resistors (220Q/ 2watt, 220 kQ/3watt, 330 | 1500frw
Q/5watt)
3 Diode (1N4007) 1500frw
1 Zener diode 700frw
1 Relay (12v) 2000frw
1 Integrated circuit( 1c4047) 3000frw
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Opto coupler (pc817) 3000frw
Power transistor(2SA1943) 7500frw
Variable resistor (5k Q, 10k Q) 1800frw
Transistor (bc547) 300frw
Voltage regulator (L7805) 1000frw
Inductor (330uH) 400frw
Single phase transformer (wires , laminated core, | 30000frw
varnish)

Box 15000frw
Lamp 500frw
Ceramic capacitor(104nf , 0.068uf) 400frw
Electrolytic capacitor  (47uf/50v 10uf/50v | 400frw
1uf/50v

Fan (12v) 1000frw
Pin headers ( male , female ) 800frw
Electrolytic capacitor (10000uf/500v) 6000frw
Total 151800frw
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Project source code
a. Single phase inverter’s code /*
Example Timerl Interrupt
Flash LED every second*/
int timerl_counter,a,b,v,volt; float bat,bt; volatile int dut; volatile bool sw;
void setup(){ Serial.begin(9600); pinMode(2, INPUT_PULLUP); //switch
pinMode(3, OUTPUT); //20% battery
pinMode(4, OUTPUT); //40% battery
pinMode(5, OUTPUT); //60% battery
pinMode(6, OUTPUT); //70% battery
pinMode(7, OUTPUT); //100% battery
pinMode(8, OUTPUT); //Relay
pinMode(9, OUTPUT); pinMode(10, OUTPUT);
Il initialize timerl
nolnterrupts(); /I disable all interrupts
TCCR1A =0; TCCR1B =0;
/I Set timerl_counter to the correct value for interrupt interval
timerl_counter = 65346; // preload timer 65536-16MHz/8/100Hz
TCNT1 =timerl_counter; // preload timer
TCCRI1B |= (1 << CS11); /I 8 prescaler

TIMSK1 |= (1 << TOIE1); //enable timer overflow interrupt
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interrupts(); // enable all interrupts}ISR(TIMER1_OVF _vect) /I interrupt service

routine { TCNTL1 =timerl_counter; // preload timer
a++;if(a<dut&sw){ digitalWrite(9, 1);}if(a>dut){digitalWrite(9, 0);}
if(a>100&a<100+dut&sw){digitalWrite(10, 1);}if(a>100+dut){digitalWrite(10, 0);}
if(a>200){a=0;}}
void loop(){ for(int i=0;i<50;i++) v=analogRead(AO0); // read feedback voltage
bt=analogRead(A1l); // read battery voltage
volt=volt+v; bat=bat+bt; delay(1); } volt=volt/25; bat=bat/500;

Serial.print("Volt:");  Serial.print(volt); Serial.print("Vac Bat:"); Serial.print(bat);
Serial.print("V PWM:");

Serial.print((dut*100)/100); Serial.printin("%"); b++; if(b<6){
/[ battery level inticator
if(bat>9.5)digitalWrite(3, 1);else digitalWrite(3, 0);if(bat>10.5)digitalWrite(4, 1);
else digitalWrite(4, 0);if(bat>11)digitalWrite(5, 1);else digitalWrite(5, 0);
if(bat>11.5)digitalWrite(6, 1);else digitalWrite(6, 0);
if(bat>12)digitalWrite(7, 1);else digitalWrite(7, 0); }if(b>5){digitalWrite(7, 0);
digitalWrite(6, 0); digitalWrite(5, 0); digitalWrite(4, 0); digitalWrite(3, 0); }
if(b>20){ b=0;

if(volt<250&volt>182&sw){ digitalWrite(8, 1); } if(volt<180&volt>252|!'sw){ digitalWrite(8,0);
} }if(bat<10|digitalRead(2)){ sw=0; digitalWrite(9, 0);digitalWrite(10, 0); }else sw=1,

/[feedback output adjustment

if(volt<220)dut++; if(dut>100)dut=100; if(volt>220)dut--; if(dut<0)dut=0:}
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b. voltage monitoring code
#include <Wire.h>#include <LiquidCrystal _12C.h>#include <RunningAverage.h>

#include <ZMPT101B.h> // Include the ZMPT101B library
LiquidCrystal_12C lcd(0x27, 16, 2);
/I Define the pin and frequency for the ZMPT101B
const uint8_t sensorPin = AOQ; // Analog pin for ZMPT101B
const uint16_t frequency = 50; // Default frequency
/Il Create an instance of the ZMPT101B class with required parameters
ZMPT101B voltageSensor(sensorPin, frequency);
int relay = 9;int buzzer = 10;int white = 13;int green = 11;int red = 12;
unsigned long printPeriod = 1000;unsigned long previousMillis = 0;
RunningAverage inputStats(10);
void setup() { lcd.init();lcd.backlight(); lcd.setCursor(0, 0);
Icd.print("Final Year Project™); lcd.setCursor(0, 1); lcd.print("By Frank™); delay(2000);
pinMode(relay, OUTPUT); pinMode(buzzer, OUTPUT); pinMode(white, OUTPUT);
pinMode(green, OUTPUT); pinMode(red, OUTPUT); lcd.clear();
Icd.print("Voltage:"); delay(1000); // Initialize the ZMPT101B voltage sensor
/I Note: No explicit initialization function is required if constructor is used correctly}
void loop() { float current_Volts = voltageSensor.getRmsVoltage(); // Get the RMS
voltage from the sensor
if ((unsigned long)(millis() - previousMillis) >= printPeriod) {
previousMillis = millis();
// Debug: Print raw sensor value
Icd.setCursor(0, 1); lcd.print("Raw: ");lcd.print(current_Volts);
Icd.print(" vV "); // Clear extra characters
Icd.setCursor(9, 0); Icd.print(" "); I/ Clear previous value
Icd.setCursor(9, 0); lcd.print(current_Volts); lcd.print(*VV"); if (current_Volts < 1.0){
Icd.setCursor(0, 1); lcd.print("No Signal  ");
digitalWrite(relay, LOW); digitalWrite(buzzer, LOW); digitalWrite(white, LOW);
digitalWrite(green, LOW); digitalWrite(red, LOW); } else if (current_Volts > 70) {
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Icd.setCursor(0, 1); lcd.print("Over Voltage! "); digitalWrite(relay, LOW);
digitalWrite(buzzer, HIGH); digitalWrite(white, HIGH); digitalWrite(green, LOW);
digitalWrite(red, LOW);} else if (current_Volts < 45) { Icd.setCursor(0, 1);
Icd.print("Under Voltage! "); digitalWrite(relay, LOW); digitalWrite(buzzer,HIGH);
digitalWrite(white, LOW); digitalWrite(green, LOW);

digitalWrite(red, HIGH); } else {

Icd.setCursor(0, 1); lcd.print("Normal Voltage "); digitalWrite(relay, HIGH);
digitalWrite(buzzer, LOW);digitalWrite(white, LOW); digitalWrite(green, HIGH);
digitalWrite(red, LOW); }}}



