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Abstract:

The increasing integration of renewable energy sources into power systems has made the role of
inverters crucial in modern energy distribution, especially within smart micro-grids. This project
focuses on the design and implementation of a three-phase inverter specifically optimized for
smart micro-grid applications. The inverter is a key component in converting DC power, typically
generated from renewable energy sources such as solar panels or Energy Storage Units, into AC
power suitable for distribution within the micro-grid.

The project will involve the design of a robust and efficient three-phase inverter capable of
handling the dynamic conditions of a smart micro-grid, including fluctuating loads and the
integration of multiple distributed generation sources. Emphasis will be placed on achieving high
power quality, voltage stability, and efficient energy conversion, as well as ensuring seamless
operation in both grid-connected and islanded modes.

The design process may extended to include the development of control algorithms to enhance
the inverter’s performance, focusing on aspects such as harmonic reduction, fault tolerance, and
synchronization with the grid. Simulation and hardware implementation will be conducted to
validate the inverter's performance under various operating conditions. The successful completion
of this project is expected to contribute significantly to the development of advanced power
electronics solutions tailored for smart micro-grids, facilitating the reliable integration of
renewable energy sources.

This project proposal outlines the key elements of the design and implementation process while
highlighting the importance of the three-phase inverter in smart micro-grids. It positions the
project within the broader perspective of renewable energy integration and modern power system
design.

Index Terms: Microgrids, three-phase inverter, and Automatic Voltage Regulator (AVR=

2. Objectives

The main objectives of this Master FYP research proposal are:

- To design a three-phase inverter optimized for smart micro-grid applications.

- To develop and implement control algorithms that enhance the inverter’s performance, focusing
on power quality, voltage stability, and efficient energy conversion.

-To ensure the inverter operates reliably under dynamic conditions, including varying loads and

multiple distributed generation sources.



- To validate the design through simulation and hardware implementation, testing the inverter
under different grid-connected and islanded scenarios.
- To contribute to the advancement of power electronics solutions for the reliable integration of

renewable energy in smart micro-grids.

3. Methodology:

3.1. Literature Review:

- Conduct a comprehensive review of existing three-phase inverter designs and their
applications in smart micro-grids.

- Study the latest control algorithms and power electronic technologies used in inverters.

- Analyze the challenges associated with integrating renewable energy sources into micro-grids.
3.2. Requirements Analysis:

- Define the specific requirements for the three-phase inverter based on the intended smart
micro-grid application.

- Identify key performance indicators (KPIs) such as power quality, efficiency, voltage

stability, and harmonic distortion.

3.3. Design Phase:

- Inverter Topology Selection: Choose an appropriate inverter topology (e.g., voltage source
inverter) that meets the system requirements.

- Control System Design: Develop advanced control algorithms (e.g., PWM, SPWM) to
regulate the output voltage, manage power flow, and ensure synchronization with the grid.

- Component Selection: Select suitable power electronic components (e.g., IGBTs, capacitors,
inductors) that support the desired voltage and current levels.
3.4. Simulation and Modeling:

- Use software tools (e.g., MATLAB/Simulink, PLECS) to model the three-phase inverter
circuit.

- Simulate various operating conditions, including grid-connected and islanded modes, to assess
performance.

- Analyze the results to verify that the inverter meets the defined KPIs.

3.5. Hardware Implementation:



- Design the printed circuit board (PCB) for the inverter, including power and control circuitry.

- Assemble the inverter hardware, ensuring proper layout and thermal management.

- Program the control algorithms into a microcontroller or DSP (Digital Signal Processor).
3.6. Testing and Validation:

- Conduct laboratory testing of the inverter under different load conditions and operating
modes.

- Measure the inverter's performance metrics, including efficiency, voltage stability, harmonic
distortion, and response to transient events.

- Compare the test results with simulation outcomes to validate the design.
3.7. Optimization and Finalization:

- Refine the inverter design based on test results to optimize performance.

- Address any issues related to heat dissipation, electromagnetic interference (EMI), or
component reliability.

- Finalize the design for potential deployment in smart micro-grids.

4. Expected Benefits:

- Enhanced Power Quality: The project aims to deliver a three-phase inverter with superior
power quality, minimizing harmonic distortion and ensuring stable voltage levels.

- Efficiency and Reliability: By incorporating advanced control algorithms and robust
components, the inverter is expected to operate efficiently and reliably under varying load
conditions.

- Seamless Renewable Integration: The inverter will facilitate the smooth integration of
renewable energy sources into smart micro-grids, supporting both grid-connected and islanded
operations.

- Scalability and Flexibility: The design will be scalable and adaptable, making it suitable for a
wide range of smart micro-grid applications, from small residential systems to larger industrial
setups.

- Contribution to Sustainable Energy: This project supports the transition to sustainable energy
systems by enhancing the technology used to manage and distribute renewable energy within

micro-grids.



5. Timeline

The research is expected to be completed over a period of one year, with the following timetable:

Phase Duration Key Activities

1. Literature Review 1 Month Research existing inverter
designs, control algorithms, and
challenges in smart micro-grids.

2. Requirements Analysis | 1 Month Define system requirements,
performance metrics, and KPIs.

3. Design Phase 2 Months Select inverter topology, design
control algorithms, and choose
components.

4. Simulation and | 1.5 Months Model and simulate the inverter

Modeling in software, analyze results.

S. Hardware | 2 Months Design and fabricate the PCB,

Implementation assemble hardware, and program

the control system.

6. Testing and Validation | 1.5 Months Conduct lab tests, measure

performance metrics, and

validate against simulations.

7.  Optimization and | | Month

Refine design, resolve issues, and

Finalization prepare final project report.

6. Research Plan

Monthly Meetings: A half monthly meeting (either face-to-face or virtual) will be held to
present research progress and facilitate discussions.

Progress Reports: A detailed progress report will be submitted every two months.

Final Thesis and Presentation: The candidate will be expected to write final thesis and
present his/her project.
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