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ABSTRACT: This project outlines the design and development of a 500-Watt pure sine wave inverter aimed at
efficient conversion of DC to AC power. It is specifically designed to provide stable AC power for sensitive electronic
devices and resistive loads. Utilizing PWM techniques, the system minimizes harmonic distortion and enhances overall
efficiency. A microcontroller-based control system guarantees accuracy and flexibility. The inverter is equipped with
safety features, including protections against overvoltage, overheating, and overload. It also allows for real-time
monitoring through sensor interfaces. An LC filter is employed to produce a smooth AC output in the form of a clean
sine wave. The system is compact, user-friendly, and energy-efficient, promoting sustainability by facilitating
integration with renewable energy sources such as solar panels. This inverter is particularly suitable for off-grid
applications in rural settings, addressing energy access issues while providing environmental and economic advantages.
This prototype serves as a foundation for scalable, environmentally friendly inverter systems.

KEYWORDS: Sine Wave Inverter, Pulse Width Modulation (PWM), DC to AC Conversion, AC to DC Conversion,
MOSFET & SG3524, Overvoltage, Load Protection.

L. INTRODUCTION

The initiative titled "Design and Implementation of a 500-Watt Sine Wave Inverter" aims to meet the growing need
for efficient and dependable power conversion systems. This inverter is engineered to transform DC power from
sources like batteries or solar panels into AC power with a pure sine wave output, making it ideal for operating
sensitive electronic devices and small appliances. By employing Pulse Width Modulation (PWM) techniques, the
system guarantees high efficiency, low harmonic distortion, and compatibility with various loads.

Additionally, the inverter features sophisticated automation capabilities to enhance user convenience and safety,
including automatic load detection, overvoltage protection, and thermal shutdown mechanisms. It also provides real-
time monitoring of output voltage, current, and power through a digital multimeter interface, ensuring both reliability
and operational efficiency.

Key elements such as a microcontroller, MOSFET drivers, and an LC filter are integrated to facilitate precise control
and high-quality output. This project exemplifies the interdisciplinary nature of electrical engineering and power
electronics, offering a sustainable, eco-friendly, and cost-effective solution to contemporary energy challenges and
paving the way for innovative inverter designs in renewable energy systems.

II. BLOCK DIAGRAM

The block diagram depicts the functional structure of a S00W sine wave inverter system. It starts with a DC power
source, which can be a battery or a solar panel. The initial DC voltage is regulated by a DC-DC converter to
provide a stable input. A microcontroller then produces Pulse Width Modulation (PWM) signals to manage the
inverter's operation, directing the inverter circuit to transform the regulated DC voltage into an AC signal. To
produce a clean sine wave output, the unrefined AC signal is filtered through an LC filter, which smooths the
waveform. The system features a load detection unit that ensures power is supplied only when a resistive load is
present. It is capable of delivering up to 500W of AC power to connected devices. Real-time monitoring is
facilitated by sensors that measure voltage, current, and temperature.
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To maintain safety and prolong the system's lifespan, protective measures are implemented to guard against
overvoltage, overcurrent, and thermal overloads. A cooling system, such as fans or heat sinks, is activated when
needed.

Figure 2.1 Block diagram

In critical situations, the system can automatically shut down to prevent damage. This diagram effectively
illustrates the inverter's process from input to output, highlighting aspects of control, conversion, filtration,
protection, and power delivery.

III. METHODOLOGY

The approach taken for developing the 500W sine wave inverter involved a methodical process of planning, design,
testing, and performance assessment. It commenced with the creation of the inverter circuit, which is responsible for
converting stored DC power from sources such as batteries into usable AC power. A prototype of a 150W semi-sine
wave inverter was constructed, capable of producing a 220V AC output suitable for household devices. Concurrently,
a battery storage system was developed to retain the DC energy, ensuring a continuous power supply during times
when generation is not possible, such as at night. The battery was carefully chosen to meet the inverter's load
requirements and guarantee dependable operation. The subsequent phase involved integrating the inverter and battery
systems, followed by comprehensive testing. This process included verifying the system's ability to power various
loads, including lamps and mobile chargers, and assessing the efficiency of the DC to AC conversion.

Additionally, the team analysed the performance under various load and environmental conditions, focusing on key
factors such as efficiency, voltage stability, thermal response, and the accuracy of energy conversion. detailed
workflow diagram was created to depict the functional steps, which include power input (from battery or solar),
voltage regulation through DC-DC converters, PWM signal generation by a microcontroller, DC to AC inversion
using power electronics, sine wave filtering with LC filters, load sensing, and real-time system monitoring with built-
in protections. Safety features such as overvoltage protection, thermal shutdown, and a cooling system were
incorporated. In cases of significant faults, the system is designed to enter a safe shutdown mode.

DCto AC
INPUT SOURCE INEUIWOLIAGE PWM SIGNAL 2 SINE WAVE
REGULATION CONVERSION
POWER SELECTION GENERATION SYNTHESIS
oN (Batery/Solar P (DC to DC —» e — (Inverter  —P ]
Panel) Converter) circuit) (LC Filters)

COOLING PROTECTION REAL-TIME OUTPUT LOAD

SHUTDOWN SYSTEM MECHANISMS MONITORING DELIVERY DETECTION
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Figure 3.1 Flowchart
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This organized methodology guarantees that the inverter delivers a stable, safe, and efficient power output while
allowing for the integration of renewable energy sources.

IV. EXPERIMENTAL RESULTS

The development of a compact and efficient inverter system enables the conversion of 12V DC power from a battery
into 230V AC with a pure sine wave output. This inverter is specifically tailored for resistive loads, such as
incandescent bulbs, and has proven effective in providing stable and reliable AC power, making it ideal for rural and
off-grid applications where electricity access is limited. The system employs Pulse Width Modulation (PWM)
techniques managed by a microcontroller and incorporates essential components like the SG3524 PWM controller,
MOSFETs, and an LC filter circuit to produce the sine wave while minimizing harmonic distortion.

E NPN Transistor PNP Transistor
c E
2 °
s E C
GND [

Figure 4.1 Components required

Throughout the testing phase, the system exhibited high efficiency in the DC to AC conversion process. The step-up
transformer successfully increased the voltage from a lower AC level to the necessary 230V output. The inverter
powered incandescent bulbs without flickering or instability, demonstrating the system's smooth and continuous
operation. Additionally, effective thermal management was achieved through the use of heat sinks, ensuring that
components remained within safe temperature limits even during prolonged use.

Figure 4.2 Final outcome of our project
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Real-time monitoring and protective features, including overvoltage, overcurrent, and thermal protection mechanisms,
were confirmed, validating the inverter's safety and reliability in practical applications. The system's automatic load
detection and shutdown features also functioned as intended, enhancing user safety and safeguarding connected devices
from potential damage.

Performance assessments indicated that the inverter consistently maintained a clean and stable sine wave output across
varying load conditions. This reliability is essential for protecting sensitive equipment from voltage fluctuations.
Moreover, the compact design and compatibility with renewable energy sources, such as solar panels, underscore the
inverter’s versatility and scalability, making it suitable for household use, backup power systems, or integration into
renewable energy setups.

V. CONCLUSION

The design, development, and implementation of a compact, efficient, and reliable inverter system that transforms DC
power into AC with a pure sine wave output. By meticulously integrating essential components such as the SG3524
PWM controller, MOSFETs, LC filters, and a microcontroller, the project team achieved accurate voltage regulation,
effective switching, and minimal harmonic distortion, ensuring compatibility with sensitive electronic devices. The
inverter's capacity to manage resistive loads up to 500W was confirmed through practical tests, demonstrating a stable
230V AC output that powered devices like incandescent bulbs. Additional features, including overload protection,
thermal management through heat sinks, and automatic source/load detection, further enhanced the system's reliability
and safety. This inverter presents a viable solution for energy-scarce rural and off-grid areas, particularly when used
alongside renewable energy sources such as solar panels. The project prioritized affordability, scalability, and ease of
maintenance, making it well-suited for real-world applications, from household backup systems to remote power
solutions. Future developments for this system include scaling the design for higher power applications, improving
compatibility with smart grids, refining control algorithms, and incorporating IoT-based monitoring systems. Overall,
the project highlights the significant impact of engineering solutions in tackling contemporary energy issues, fostering
innovation, and providing underserved communities with access to sustainable power.
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