CHAPTER ONE
1.0 INTRODUCTION
In recent years, the demand for uninterrupted power supply has significantly increased due to the growing dependence on electricity for domestic, commercial, and industrial operations. The reliability of public utility power has become questionable in many developing countries, particularly Nigeria, where power outages and epileptic supply have hampered productivity and quality of life [1]. This persistent energy instability has necessitated the design and construction of alternative sources of electricity, among which inverters have emerged as a practical and efficient solution. Inverters are electronic devices that convert direct current (DC) into alternating current (AC), enabling the use of stored energy from batteries to power conventional AC appliances during outages.
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The inverter forms the core of any backup power system and plays a crucial role in ensuring that stored energy is utilized optimally. Therefore, designing a well-performing inverter system becomes a fundamental task in meeting modern energy demands sustainably. With a growing emphasis on clean energy and smart power systems, inverter technology continues to evolve in sophistication and reliability. The application of inverters in homes, hospitals, data centers, and telecommunication systems underscores their importance in contemporary power systems. A 5KVA inverter, in particular, is capable of handling moderate to heavy loads, making it suitable for residential, educational, and office use. The reliability, portability, and eco-friendliness of inverters further position them as viable options in bridging the electricity supply gap [1], [2].
The 5KVA inverter has emerged as a versatile option for powering medium-scale loads in both residential and commercial environments. Its capacity makes it suitable for running multiple appliances simultaneously, such as lighting circuits, fans, television sets, refrigerators, computer systems, and small pumps. In urban households, a 5KVA inverter can sustain operations during prolonged outages, helping users maintain productivity and comfort. In rural health centers or small offices, such an inverter can support essential services without the need for noisy generators. The design of a 5KVA inverter requires careful attention to component selection, topology, thermal management, and control logic. Key components typically include power MOSFETs or IGBTs for switching, a well-rated transformer for voltage transformation, and microcontrollers for logic control. Additionally, input and output filters are employed to reduce noise and improve the quality of the AC waveform. A high-performance 5KVA inverter must deliver a pure sine wave output to ensure compatibility with sensitive electronic devices, which may not operate properly with modified or square wave outputs. The rise in the availability of low-cost microcontrollers and high-efficiency power components has made it increasingly feasible to develop such systems locally. Moreover, integrating protections such as overload cut-off, short-circuit shutdown, and temperature monitoring is essential for ensuring safety and durability. As users demand more compact, energy-efficient, and intelligent solutions, the inverter becomes not just a power converter but also a critical node in the energy management system [2].
		The principle behind inverter operation is rooted in power electronics and control systems. The process begins with DC energy stored in a battery, typically charged from either the national grid or renewable energy sources like solar panels. This DC voltage is then processed through a switching stage, where it is chopped into pulses by semiconductor switches at high frequency using Pulse Width Modulation (PWM) techniques. These pulses are then passed through a filter and transformer circuit that synthesizes a clean AC waveform. The goal is to produce an output voltage that closely resembles the utility grid voltage in both magnitude and frequency (220V, 50Hz in Nigeria). PWM control allows for precise regulation of output parameters while minimizing harmonic distortion and energy losses. Additionally, modern inverters use microcontroller-based digital signal processing to regulate switching patterns and respond to changes in load or battery voltage. The transformer used in the system is adequately rated to handle 5KVA without overheating or magnetic saturation. Heat generated during switching operations is effectively managed using heat sinks or forced-air cooling systems to prevent thermal failure. Inverter designs either be low-frequency or high-frequency, each with its trade-offs in terms of size, efficiency, and transformer design. The proper matching of these subsystems ensures the inverter performs efficiently, reliably, and safely over time [3].
	As the world transitions toward sustainable energy solutions, the role of inverters has become even more critical in hybrid and standalone renewable systems. In many solar power setups, inverters are responsible for converting the DC output from solar panels or batteries into usable AC power for household appliances. The inverter serves as the heart of solar home systems (SHS) and is responsible for managing energy flow between solar panels, batteries, and AC loads. A 5KVA inverter in a solar PV system must be capable of synchronizing with battery storage units and solar charge controllers while providing consistent power quality. It also account for factors such as battery voltage fluctuations, panel output variation due to sunlight, and dynamic load demands. Incorporating maximum power point tracking (MPPT) and battery management algorithms into inverter design can further optimize energy efficiency and extend the operational lifespan of the system. Given the environmental and financial benefits of solar-powered systems, the design of inverters tailored for such integration has gained considerable research attention in recent years [4].
A well-designed 5KVA inverter suitable for renewable energy can reduce dependency on fossil fuels, mitigate greenhouse gas emissions, and contribute to the goal of universal energy access. Furthermore, it encourages energy independence among rural and semi-urban populations, where grid access is limited or non-existent.
	Developing indigenous inverter solutions tailored to local conditions allows for customization, affordability, and enhanced maintainability. The availability of local technical expertise to support inverter repairs and modifications also ensures long-term sustainability. Students, engineers, and entrepreneurs involved in local inverter projects contribute to the growing body of knowledge in renewable energy technologies and embedded systems. Through such projects, innovation is fostered, and new generations of technically skilled individuals emerge, ready to tackle the nation’s energy challenges. Moreover, hands-on design and fabrication help to bridge the gap between academic learning and industrial practice, Therefore, the design and construction of a 5KVA inverter not only address a technical need but also align with national goals of technological self-reliance and capacity development [5].
        1.1 AIM
    The aim of this project is to design and construct a reliable 5KVA inverter that efficiently converts DC power supply to AC power supply
1.2	 OBJECTIVES
i. To design an inverter that can deliver a pure sine wave AC output from 24V DC battery source.
ii. To maintain a range of voltage that varies between 200V to 220V with a frequency of 50Hz for the suitability of power appliances.
iii. To ensure the inverter system is cost-effective and constructed using locally available materials.
iv. To test and evaluate the performance of the constructed inverter under various load conditions
1.3	PROBLEM STATEMENT
	The erratic power supply in Nigeria has forced many individuals and organizations to seek alternative sources of electricity. Diesel and petrol generators, although common, pose serious environmental and economic issues due to fuel consumption, noise, and emissions. Inverters offer a silent and clean solution but are not locally available in robust capacities. This project addresses the need to design and construct a reliable and cost-effective 5KVA inverter using locally available components and materials.
1.4	SCOPE OF THE STUDY
		The project covers the design and construction of a single-phase 5KVA inverter capable of delivering 220V, 50Hz output with overload protection, cooling mechanism and battery level monitoring.
1.5	MOTIVATION
	Motivated by inadequate power supply which causes some industries and some machines to have excess damage, and due to environmental pollution which affects the usage of fossil fuels to power their generating system and causes harms to the environment.
1.6	LIMITATION OF THE PROJECT
i. It cannot withstand more than the rated voltage.
ii. The inverter is not grid-tied.
iii. The cooling system is limited to forced-air convection (fan-based).
iv. The power factor is assumed to be near unity.
v. Battery type is limited to lead-acid for affordability and its capacity affects how long the inverter can power the connected devices to the end.
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