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ABSTRACT 

This project review the conformability of uninterrupted power supply through the use of power inverter, However, inverter is of different categories base on power rating such as 1KVA, 1.5KVA, 5KVA etc. Moreover, since the invention of inverter, some problem associated with alternative power supply had been drastically reduced. Meanwhile, the problems such as: noise, production of fumes cost of procurement of oil, fuel and maintenance of plant is over.  

CHAPTER ONE 

INTRODUCTION 

BACKGROUND OF THE STUDY 

It is a well known fact today that electrical power supply is not reliable. All over the world, there is a significant electrical power supply interruption. Because of these electrical power supply interruption, many electrical  instruments have this developed problems or even stopped working entirely. Hence this crippled much business thereby affecting many countries economy as Nigeria. Also there is increase in occurrence of power supply disturbance, which can be viewed as a form of power pollution. High voltage spikes and momentary voltage drops are therefore common. These power disturbance may affect the performance of of sensitive equipment in private and corporate organization causing loss of data and even damage to equipment.

In Nigeria today, it is not an overstatement to talk about the epileptic supply of electrical power. This has become the order of the day such that many Nigerians now view these power outages as “normal” and part of their daily life. A wide range of factors has been identified for this problem. They include natural disasters, vandalism, maintainability and sustainability and lack of local content. The problem of poor quality power supply cannot be properly addressed without a review of other factors such as lack of political will to invest adequately in power sector, absence of replacement policy resulting in obsolete equipment, unsustainable human capacity building and inadequate reward and remuneration system to motivate human resources to perform well.

According to the recommendation made by the institute of Electrical Electronics Engineering (IEEE), the supplies that should be available for use should be continues, uninterrupted with constant frequency and within the load determine in terms of voltage and current. These requirements have become even more relevant in view of the high sensitivity and sophistication of modern technological equipment in use today.

The progress made in developing alternate source of energy over the last decades has showed that independent power systems are not only possible but also very practical. Infact a wide variety of generating equipment is now available to allow individuals take advantage of just any renewable source of energy, for number reasons however, most of these systems produce only direct current (DC) and often do so only at low voltage. Nonetheless, it is generally agreed that the greatest and most useful form of current is the alternating current (AC) since this exists in the vast majority of homes.

Therefore, there arises the need to able to convert Direct Current (DC) to Alternating Current (AC) that will be of a constant frequency and also be used to power electrical circuits either in homes or in industries. Such electrical device is called an inverter.

An inverter is an electrical device that converts direct current (DC) to alternating current (AC), the converted A.C. can at any required voltage and frequencies, with the use of appropriate transformer, switching and control circuit. Inverters are common used to supply A.C. power from DC sources such as panels or batteries.

The electrical inverter e.g. 5KVA, 220 – 240, 50Hz is high power electronic oscillator. It is also named because early mechanical AC to DC converters where made to work, in reverse and thus are “inverted” to convert D.C. to A.C. the inverter performs the opposite function of a rectifier. 

OBJECTIVES OF THE PROJECT 

In this project, a 5KVA D.C. to A.C inverter will be constructed and analyzed. The primary objective of undertaking this project is for the following reasons:

To design an electrical system capable of producing power from a 12v D.C. battery that will be used to produce an output of 5KVA 50Hz – 240v which will be used to drive electrical appliances.

The project is also aimed at exposing the HND students to simple electrical design and building electrical circuit.

The project (5KVA, 220 – 240v inverter) will also help the student to understand the basic principles of operation of an inverter circuit and its relevance in the society.

The project is also aimed at introducing the principle circuit of analysis 

SCOPE OF THE STUDY 

The project has been undertaken i.e 5KVA, 220 – 240 volt inverter has four stages or units.

These units includes 

Supply unit 

Inverter unit 

Step-up transformer unit 

Triggering unit.

The scope of this project is primarily to show how the low voltage DC power supplied is used to energize the circuit. It will also show how the inverter unit convert he low voltage DC into a low voltage AC in form of square wave. The triggering unit provides the trigging pulse needed by MOSFET to operate.

LIMITATION OF THE STUDY 

In spite of the base of construction of an inverter and it’s noiseless and pollution free native unlike other alternative source of the generating electricity, there is a need for charging and recharging the battery form time to time.

Also the use of the bulky transformer instead of copper transformer which is lighter and smaller in size, but more expensive amitation.

Another limitation is the inability of the circuit to provide a pure sine wave output wave form. This is because it is quite expensive to design a pure sine wave inverter circuit.

ORGANIZATION OF THE PROJECT 

The 5KVA, 220 – 240v, 50Hz inverter is constructed using the following components: Resistor capacitors, semiconductor diode, transistors, (MOSFET), integrated circuit (ICS), transformer. The MOSFET is the major component used in the inversion of Direct Current (DC) to Alternating current (A.C)

This 5KVA inverter project report is arranged in the following sequence.

Chapter one discusses a general introduction to the project. It gives us a background of the project Helping us to see the relevance of this inverter project in the world today, it also  discusses the objectives of an inverter as well as type.

Chapter two discusses the various literary review opinions and ideas that various authorities in the world of electronics, discusses about the inverter system, discusses a general description or the various components used in the construction of this project.

Chapter three discusses the design and the principles of operation.

Chapter four discusses the construction procedure.

Chapter five is the bill of Engineering measurement and Evaluation.

Chapter six show how the project was packaged and its conclusion.

CHAPTER TWO 

LITERATURE REVIEW 

ORIGIN OF INVERTER 

Owen Edward showed that from the late nineteenth century  through the middle of the twentieth century, D.C. to A.C. power inversion was accomplished using rotary inverters or motor-generator sets (M-G sets). In the early twentieth century, vacuum tube and gas filled tubes began to be used as switches in inverter circuits. The most used type of tube was the thyratron.

The origins of electromechanical inverters explain the source of the term inverter. Early A.C. to D.C. to converters used an induction or synchronous A.C. motor direct-connected to a generator so that the generator’s commutator reverses its connections at exactly the right moments to produce D.C. A later development is the synchronous converter, in which the motor and generator windings are combine into one armature, with slip rings at one end and commutator at the other end and only one field frame.

The result with either A.C. In D.C. out with an M-G set, the D.C. can be considered to be separately generated from the A.C. with a synchronous converter, in a certain sense it can be considered to be “mechanically rectified AC”.  Given the right auxiliary and control equipment, an M-G set of rotary converter can be “run backward” converting D.C. to A.C. hence, an inverter is an inverted converted.

A lot of research work has been carried out over the year to the quest to achieve a noiseless cheap, portable and pollution free mean of converting DC power to AC.

A circuit was designed by lane-fox in 1970 which were connected to switching mode and controlled by an oscillator from 9V dc source (battery) to a 120V ac output through a transformer secondary. 

In 1986, Jacob designed and constructed a DC to AC converter that yielded an output power of 6KVA 220V AC and 50Hz with an efficiency of 93.5%. This solved the problem of low output power and poor efficiency encountered power and poor efficiency encountered by lane-fox’s circuit. 

Hatzi-Adoniu (2004) member, IEEE and F. POURBOUGHAT member IEEE from their studies have shown that inverter system is the way out. They were able to show that the inverter system like the 1000w, 220 – 240V inverter and other inverters can be used to provide the grid interface and the power conditioning of certain disturbed  generators and energy storage system. 

A Nigerian electronics engineer (Williams, 2007) IEEE member, in his studies has shown that inverter system has a lot of applications in the world of electronics. An inverter system converts the D.C. electricity from sources such as batteries, solar panels or fuel cells to A.C. electricity.

In the same sense, (Hoft, 1986) in his book “principles of electronics” shown that this system can also be applied in uninterrupted power supply, induction heating variable frequency drives, electric drivers etc.

(Jose, 2002) explained in his book, “multilevel inverters” how an inverter inverts D.C. to A.C . This is more than one technique. The most common is to use an electronic switch to convert the D.C. into a square wave. The square wave is filtered to make it a rough sine wave. This can then be passed through a transformer to the desired voltage. The advantage of this system is that it is very efficient. The disadvantage is that the sine wave produced is not all that good a sine wave and some devices (A.C. motors) for example sometimes have problem when being powered by inverters. 

Marty and Scott, (2000) N.Y, U.S.A in their book “General electric” described the basic design of an inverter circuit. Eg 5kVA 220 – 240v, 50Hz inverter, D.C. power is connected to a transformer through the center tap of the primary winding. A switch is rapidly switched back and forth to allow current to flow back to the primary winding and then the other. The alternation in the direction current in the primary, winding of the transformer produces alternating current (A.C.) in the secondary circuit.

Thompson, (2002) CEO of Fairchild semi-conductor described controlled rectifier inverters since early transistors controlled rectifier inverters since early transistors were not available with sufficient voltage and current ratings for most sufficient voltage and current rating for most inverter application, it was the 1957 introduction of the thyristor or silicon-controlled rectifier (SCR) that initiated the transition to solid state inverter circuits.

Choudury (2004) member IEEE describes that MOSFET inverter Gate Drive. An inverter for producing A.C. from a source of D.C. electric power is analyzed. The power circuit includes the power transformer with the current flow through the two halves of the primary winding. It’s being controlled by a pair of power MOSFETS. A gate driver circuits which includes a driver transformer produces control signals which are substantially 1800 out of phase across the center tapped secondary winding of the driver transformer. A pair of fast-off, slow on coupling circuits consisting of a diode connected in parallel with a resistor couples gate controls signals to the gates of the power MOSFETS. Each coupling circuit is effectively in series with one of a pair of current limiting off-time resistors, the latter being connected in series with the two halves or the primary winding of the fate driver circuit control transformer. The relationship of resistance of the resistors of the coupling circuits to the resistances of the current limiting resistors of the gate driver circuit determines the difference between the turn-off time and the turn-on time of the MOSFET. The current limiting resistors prevent burnt out of the gate driver contact transformer and the gate control transistors.

THE DESCRIPTION OF THE COMPONENTS 

The various components used in the constitution of this 5KVA, 220 – 240V inverter from the supply unit to the triggering units, is listed and described. 

They include

Transformer 

Transistor

Diodes 

Resistor 

Capacitor 

Switch  

DESCRIPTION OF TRANSFORMER 

A transformer is a piece of apparatus which its operation is by electromagnetic induction. This also comprises of two circuits which a change in current in one circuit leads to a voltage induction in another circuit by a phenomenon known as mutual induction.

The circuit of a transformer is made up of primary and secondary circuit. Such transformer circuit comprises of coils, E and I lamination and also former. The coil is wounded on the former to assist the coupling between them and this improve their mutual inductance power form the A.C. mains supply to one coil or sets of coils, the voltage across these coil being either higher (step-up) or lower (step-down) the voltage supp[lied. The coils of which power is fed, is known as the Primary and those form which power is taken is known as Secondary.

The coil has different sizes of wire gauge. The size of each winding bears a different of definite relationship to the power supplied or drawn from it. The number of turns is controlling the voltage and the resistance is expressed as the diameter of the wire controlling the current. The E and I lamination of a transformer is build-up of thin sheets of iron and this is a method used in all practical transformer.

Laminations are insulated in several ways by chemical treatment of the metal surface by vanish or by very thin cemented paper. When laminations are being inserted into the finished coils on their former, they must be alternated i.e. E must go in from left and I from right and E from right and I from left and so on. The lamination brought into light contact with no air gap.

In the construction of this 5kvA inverter, a step-up transformer is used. This transformer core which are E and I type are E and I type are usually made up of electromagnetic materials of high permeability. The rating of the core depends mainly in the maximum current it can safely carry. So during the design of this transformer, the size and the type of core, must be determined and considered.

The transformer holmic or losses depends on the winding current as the total losses determines the maximum transformer temperature its rating must include information of the voltage and current, the product of the current and voltage would evidently be a rating measure. That is why transformer is rated on their VA, KVA. The general formula connecting the number of turns of winding in a given voltage, cross sectional areas of the core, operating frequency and flux density is given as:

E = 4.44FHNA

Where E = voltage in volts applied on appearing across 

  the coil 

 N = Number of lines of magnetic flux per square include in iron.
A = cross sectional area 

H = 60,000

DESCRIPTION OF TRANSISTOR 

Transistor is an active device that plays a significant role in the design and construction in electronic circuits like switching circuits and amplifying circuit. Transistor is able to achieve this function, but its connection with other components such as resistor, capacitors, inductor etc. and matters a lot.

TYPES OF TRANSISTOR 

Practically there are two types of transistor, these include:

Bipolar function transistor (BJT)

Field effect transistor (FET)

 
BIPOLAR JUNCTION TRANSISTOR 

This bi-polar transistor consist of two semi-conductor diodes where the PN junction of the two diodes are connected back-to-back thereby leaving the other two ends. This has three terminals namely: emitter, Base and collector. We have basically two types of bipolar transistor: (i) NPN (ii) PNP where P is positive and N in negative.

In NPN type, a p-type material is sandwiched between two n-type material.

In PNP type, the n-type material is sandwiched between two p-type materials.
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Fig 2.1: Transistor circuit symbol
FUNCTION 

Transistors amplify current, for example they can be used to amplify the small output current from a logic IC so that it can operate a lamp, relay or other high current device. In many circuits a transistor is used to convert the changing current to a changing voltage, so the transistor is being used to amplify voltage.

A transistor may be used as a switch (either fully on with maximum current, or fully off with no current) and as an amplifier (always partly on). The amount of current amplification is called the current gain, symbol life.

The leads are labeled Base (B), collector (C) and emitter (E). These terms refer to the internal operation of a transistor but they are not much help in understanding how a transistor is used. Sandwiched between two n-type material in PNP type, the n-type material is sandwiched between two p-type material.

 FIELD EFFECT TRANSISTOR (FET)

Unlike the bipolar junction transistor, which are all basically similar in spite of a variety of constructional farms, the FET is more a collective term for a family of transistor devices of which there are two physical principle groups. i. Junction FET (JUGFET) (ii) Insulated type FET Junction FET can be in two forms, p-channels and n-channels, depending on the type of semi-conductor. The IGFET (insulated field effect transistor) has two distinct modes of operation, one known as the depletion mode and the other enhancement mode, each of these modes are subdivided into P-channel and n-channel.

Because, in this project we used an IGFET, we are going to discuss about IGFET which we used in this design. A simplified form of construction is depicted b below in which the main bulk of material is low-conductivity silicon, thus termed the SUBSTRATE. For an IGFET, this substrate is p-type silicon into which is introduced a thin n-channel terminated in the drain and source electrodes.

[image: image8.bmp]
Fig. 2.2:
Diagram of IGFET (MOSFET)

The diagram above is a simplified diagram of IGFET. The gate is separated form the channel by  a layer of silicon dioxide which is an insulator ensuring that the gate is isolated from both source and drain the silicon dioxide can be thought of as the dielectric in a capacitor consisting of two plates, one being the gate and the other the channel.

In the IGFET, electron flows from drain to source, however, variation of the gate to source voltage produced a distinctictly different effect. If the gate is made positive with respect to the source, drain current is increased. Because of this increase, the FET is aid to be enhanced; conversely, if the gate is made negative with respect to source and hence to channel, the source-drain current will decrease and the FET is said to be depleted. Below are the symbols or n-channel and p-channel.

[image: image9.bmp]
Fig 2.3

Although there are differences below the IGFET symbols. These are not applied in practice because this could be confusing. IGFET sometimes termed MOSFET due to metal oxide and silicon form of construction, and even MOSFET might be further constructed as most MOSFET (metallic oxide silicon field effect transistor).  
DESCRIPTION OF DIODE 

Diodes allow electricity to flow in only one direction. The arrow of the circuit symbol shows the direction in which the current can flow diodes are the electrical version of a valve and early diodes were actually called valves.


Fig. 2.4: Characteristics of a silicon Diode 

FORWARD VOLTAGE DROP 

Electricity uses up a little energy pushing its way through the diode rather like a person pushing through actor with a spring. This means that there is a small voltage across a conducting diode. It is called the forward voltage drop and is above 0.7v for all normal diode which are made from silicon. The forward voltage drop of a diode is almost constant whatever the current passing through the diode so they have a very steep characteristics (current voltage curve).

REVERSE VOLTAGE 

When a reverse voltage is applied a perfect diode does not conduct, but all real diode leak a very tiny current of s few MA or less. This can be ignored in most circuit because it will be very much smaller than the current flowing in the forward direction.

CONNECTING AND SOLDERING 

Diodes must be connected to correct way round. The diagrams may be labeled a or + for anode and K or – for cathode. The diode is marked by a line painted on the body. Diodes are labeled with their code in small print it may need a magnifying glass to read this on small signal diode.


Fig 2.5 Diode Symbol and physical structure. 

Small signal diode can be damage by heat when soldering but the risk is small unless when using a geranium diode (code beginning OA) in which case it should use a heat sink clipped to the lead between the joint and the diode body. Rectifier diode are quite robust and no special precaution  are needed for soldering them.

TESTING    DIODES 

  Using multimeter or simple tester (buffery resistor and LED) to check that a diode conducts in one direction but not the other. A lamp may be used to test a rectifier diode but do not use a lamp to test a signal diode because the large current passed by the lamp will destroy the diode.

BRIDGE RECTIFIERS 

There are several way of connecting diode to make a rectifier to convert A.C. to D.C.. The bridge rectifier is one of them and it is available in specified packages containing the four diodes required. Bridge rectifier are rated by the maximum current and maximum reverse voltage. They have four leads or terminals. The tow D.C. outputs are labeled + and -, the two A.C. inputs are labeled.


The diagram shows the operation of a bridge rectifier as it converts A.C. to D.C. notice how alternate pairs of diodes conduct. 

ZENER DIODES 

Zener diodes are used to maintain a fixed voltage. They are designed to “breakdown” in a reliable and non destructive way so that they can be used in reverse to maintain a fixed voltage across their terminals. The diagram shows how they are connected, with a resistor in series to limit the current.


Fig. 2.7: Symbol of Zener Diode

DESCRIPTION OF RESISTOR 

It is a component that oppose the flow of current through i.e. A pure resistor possess only resistance, no capacitor or inductance, but all practical resistor posses some small amount of capacitance or inductance usually these are sufficiently small to be negligible. They are constructed from a mixture f carbon of the materials in proportion that gives the required amount of resistance.

They can be connected on series, parallel or the combination of the both.

They can also be connected to protect devices such as transistor and diode against excess current resistor can be fixed or  variable. It is measured in ohms. We have type of resistor which are fixed resistor and variable resistor.


Fig. 2.8: Symbol of Resistor 

TABLE 2.1:
RESISTOR COLOUR CODE

	Colour 
	First band 
	Second band 
	Third band 
	Tolerance 

	Black 
	0
	0
	X100
	-

	Brown 
	1
	0
	X101
	+1%

	Red 
	2
	00
	X102
	+2%

	Orange 
	3
	000
	X103
	

	Yellow 
	4
	0000
	X104
	

	Green 
	5
	00000
	X105
	

	Blue 
	6
	000000
	X106
	

	Violet 
	7
	0000000
	X107
	

	Gray 
	8
	0000000
	X108
	

	White 
	9
	000000000
	X109
	

	Gold 
	-
	-
	X10-1
	+5%

	Silver
	-
	-
	X10-2
	+10%

	None 
	-
	-
	-
	+20%


DESCRIPTION OF CAPACITOR 

Capacitors store electric charge, they are used with resistors in turning circuits because it takes time for a capacitor to fill with charge. They are used to smooth varying D.C. supplies by acting as a reserviour of charge.

They are also used in filter circuits because capacitors easily pass A.C. (charging) signals but  they block D.C, (constant) signals.

Capacitance 

This is a measure of a capacitor’s ability to store charge. A large capacitance means that more charge can be stored capacitance is measured in Farads (F).

When an alternating current is applied to the plates of a capacitor, there is continued charge and discharge from each plate because the A.C. supply is cyclic in nature. Changing its polarity each half cycle. The insulating dielectric between the plates in subject to an alternating electric stress. This results in heat dissipation and energy loss called dielectric loss. The leakage current factor is the current flowing between both plates, which result in loss of charge. This is normally very low in most low voltage capacitors and only a few microamperes in electrolytic capacitors. Capacitors should also have high resistivity, high insulation resistance and electric strength. Like resistors, capacitors can also be designed to have fixed values or variable values. Fixed capacitors can be divided into those whose are polarized and those which are non-polarized.

Polarized types include the standard aluminum electrolytic and tantalum electrolytic capacitors. The former (tantalum electrolytic) are widely used in power supplies. They have separate   positive and negative terminals and must be correctly connected in order to maintain their dielectric by electrolytic action. In the aluminum type, the dielectric is paper soaked in electrolyte of ammonium borate.

Non-polarized capacitor such as the poly-propylene,, polycarbonate, polyester, polystyrene, mica and ceramic types can be connected either way round. They all have extremely good dielectric properties with very small leakage.

Variable capacitors are mostly used n radio turning circuits and hey sometimes called “turning capacitors” they have very small capacitance values.

TABLE 2.2:
CAPACITOR COLOUR CODES 

	Colour 
	Numerical value 
	Multiplier 
	Tolerance 
	Voltage 

	Black 
	0
	X IPF
	+20%
	

	Brown 
	1
	X 10PF 
	+1%
	

	Red 
	2
	X 100PF
	+2%
	250V

	Orange 
	3
	X 1000PF
	+ 2.5%
	

	Yellow 
	4
	X 10000PF
	
	400V

	Green 
	5
	X1000000PF
	+5%
	

	Blue 
	6
	
	-
	

	Violet 
	7
	
	-
	

	Gray 
	8
	
	-
	

	White 
	9
	
	+10%
	


CHAPTER THREE 

DESIGN METHODOLOGY 

PROJECT CONCEPT 

The power inverter is basically a system that converts the battery DC power (24V DC) current into conventional any AC  appliance absolutely anywhere, such item as light, motor.

The inverter system comprises of an oscillator, switching circuit, protection circuit (under voltage and over voltage). In the inverter circuit DC power is connected to the transformer through the center tap of the primary winding; the switch is rapidly switched back and forth to allow current to flow back to the DC source following two alternate paths through on end of the primary winding and then the other. The alternation of the direction of current in the primary of the transformer produces alternating current (AC) in the secondary circuit.

The integration of the various electronic component and electric devices such as diodes, transistors, ICs, transformer and using other materials such as breadboard for testing, clay board wires etc were made it possible for the actualization of the project work.

DESIGN SPECIFICATION 

Ratings 

Power – 5KVA

Input voltage – 24V

Output voltage – 240V

Max load current = 
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E1 = primary     Emf

N1 = Primary  winding 
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Voltage transformation ration 
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In an ideal transformer, the losses are negligible, so the volt-ampere input to the primary and volt-ampere output form secondary can be approximately equated.

Ie. V2 I2 = V1I1
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Since the volts per turn are the same in each windings and is given as 4.44FQ​max so emfs induced in the primary and secondary windings of a transformer are given as 

E​​1 = 4.44Wmax FN, volts and 

E2 =- 4.44Qmax FN2 volts.

BLOCK DIAGRAM 


Fig. 3.1:
Block Diagram 

THE POWER SUPPLY SECTION 

Essentially all electronic device requires d.c power source for their operation. In some cases, batteries are used to supply adequate power to the system, but is most cases, the batteries are neither economical nor most cases the batteries are neither economical nor most convenient means of obtaining d.c power supply. It is usually economical to use rectifiers and appropriate filter to convert d.c from a.c property. In this project, four transistors are properly connected to convert the a.c. voltage to D.C. used.

MOSFET POWER STAGE FOR THE INVERTER 



Fig. 3.2:
MOSFET Power Stage for the Inverter
 
OSCILLATOR STAGE 

An oscillator refers to an electronic circuit that has the ability to change a direct current (DC) into an alternating current (A.C) without any external input. An oscillator comprises of ICs and filtering components like capacitor and resistor. Unlike an amplifier that requires an external input eg voice, an oscillator on the other hand does and required external input. In this construction work, the oscillator used is an S-G 3524IC when it is powered by a 12V Vcc Direct Current (D.C) the oscillator produces an alternating current at its dual output which is now fed to the buffer stage.

 BUFFER STAGE 

The buffer stage consists of the transistor. The buffer amplifies that output signal from the oscillator it operates like the oscillator but it is on amplifier connected in a complementary push-pull method. It is a class B-amplifier.

In this construction work, the buffer stage consists of four N-channels IRF 3205 MOSFET transistor. They are arranged in series, two being connected in series and coupled to one input terminal of the transformer; the other two are also connected in series and coupled to the other input terminal of the transformer.

THE INVERTING STAGE 

The inverting convert 12V dc to ac and then boost the signal to 220V with the help for the transformer. Circuit diagram is shown below 


Fig. 3.3: Inverting Stage  

Basically HEF 4069 UB IC is an astable relaxation oscillator. Oscillation frequency is mainly determined by R1C1 provide that R1 C2 << R1C1.

 
CIRCUIT DESIGN 

The complete design analysis of the inverter system wll thus be undertaken. All the units of this system will be analyzed showing the various parameter that was taken into consideration for the design of this 5KVA, 220 – 240V, 50Hz inverter system.

CIRCUIT DIAGRAM OF 5KVA POWER INVERTER 

PRINCIPLES OF OPERATION 

All electronic components need a convenience dc voltage to function effectively. The UPS is designed to provide about 20 minutes constant power to electronic appliances connected to it. The circuit is designed to operate in such a way that it is connected on-line to the system. In this case, it continuously powers the protected load from its energy reserves stored in a lead acid battery, while simultaneously replenishing the reserves from the ac power. It also provides protection against all common power problems.

The transformer is used to step down the voltage to about 12vac which consequently transferred to the transistor terminal, the voltage is inverted to a dc supply which then serve as input to the IC HEF 4069 UB.

In this project, the power supply section accepts the local main supply at 220 – 240V rms 50Hz and converts it to a form that is suitable for the internal circuit of the system. This mean converting the voltage ac main into a fixed stable dc voltage. The dc voltage output has to remain substantially constant against changes in load current and temperature. 

The power supply main ac (220 – 240V) vac is converted to about 12Vac. The center tap transformer connects the 12vdc battery to the relay coil which switches on and off automatically. The transformer t1 and t2 serve to receive the voltage from the transformer which is converted to dc voltage. Resistor R1 and R2 absorbs same ac components with the help of C1 and C2 after the transistor t1. They also couples the output of the transistor to the IC HEF 4069UB. The source of transistor t1 and t2 are grounded.

The variable resistors VR1 and VR2​ ensure that the frequency and voltage are varied in accordance with the tune of the output desired. At the inverter, the voltage is converted back to AC with its attendant increase in voltage to 240V ac.

A dc battery (24V dc) connected at the far end of the center tap transformer ensure constant or uninterrupted power where utility power fails. There is also provision of voltmeter at the output which serves as an indicator to the user to ascertain the quantity of voltage outputted and also an indicator to indicate the charging status.

The dc lead acid battery is continuously recharged as it discharges so that in event of power failure, the reserve energy left the battery can be used to power electronic equipment connected to it for a period up to 20 minutes.

The relay automatically disconnects the mains power and transfers its operation to the dc lead acid battery in event of power failure.

CHAPTER FOUR 

CONSTRUCTION, TESTING AND PACKAGING 

COMPONENT SOURCING 

Component sourcing is an essential and delicate part in circuit construction. Sometimes a well designed circuit is rendered useless due to unavailability of component parts.

In this part of the world, “NIGERIA”, we depend solely on imported components such as ICs, transformers, electronic relays, flip flops, and a host of others. Due to this limitation, a designer tries as much as possible to limit his design to most of those markets. In these markets, some usually lured by the sweet tongued retailers into buying a given component in name of close substitute” ie. A component that can equally perform effectively like the one used in the original design which is not necessarily true.

For the purpose of this project, most of the components used such as IC HEF  4069 UB, 2.2uF capacitors and resistors of variable resistances, transformer, transistor and a host of others were sourced in the local market. 

PROTOTYPE CONSTRUCTION 

A typical prototype technique is the bread board construction or layout. It is a temporarily carried out layout t test the working of the circuit designed. The bread board is a plastic plate with holes running both vertically and horizontally.


Fig. 4.1: Breadboard 

The holes are embedded with copper tracks to form conduction lines with which the components are pugged into initially, the components were counted with the aid of the circuit diagram, all the component assuming a convenient position on the bread board. The IC is fitted the correct way with both conducting leads across the center groove. Other circuit elements like the switches, output, socket, DC battery and voltmeter are connected outside the bread board with the help of jumping wires, hence they cannot be plugged in the bread board.

The bread board construction is usually essential because modification of the circuit can be easily achieved. The component can be used several times over to make different circuits.

Although, its major limitation is that it may easily develop poor contacts and there is danger of short circuit as base components may touch each other.

ACTUAL CONSTRUCTION 

The strip board is used for permanent construction. The strip board is a matrix board which consist of parallel stripes of copper known as tracks fixed on an insulating board. All the tracks are equal width and space apart. It is used to achieve permanent fittings of components ass they are carefully soldered to make permanent joints.

To achieve the final finished product of this project, the strip board layout is carried out. The different sizes of components were taken into consideration during the circuit layout on the graph sheet. For easy connection, the boards where numbered alphabetically like A, B, C, D etc. It reduces the chances of making mistakes. NOTE: All making were done on the non copper side of the strip board.


Fig 4.2  Strip Board. 

The order of placing components is not essential although much delicate component such as IC and transistors are mounted with great care. Though some people prefer starting form one end of the strip board across. All soldering are on the copper side before using the strip, it is first cleaned with smooth abrasive paper (sand paper) to ensure dry surface which in turn will produce a neater solder contact. The power rating of soldering iron used is 20watts. The heat produced being enough to achieve good soldered joint.

Dry joints are carefully avoided as it may lead to partial contacts or open circuit in the system. However, dry joints have been attributed to so many failure recorded in a project work. After soldering the leads are carefully cur with slide cutter to ensure neat work.

Later the strip board is checked of bridging tracks and mistakes from the construction, positive feedbacks avoided as the output wires made neat contact and are neat contact and are not too close to the input leads.

PACKAGING 

The electronic industries nowadays are faced with competitions, each trying in one way or the other, to outclass their neighbour. To this end, a well thought out packaging not only uplifts the image of a firm but also have attractive luster attached to it.

It should be knowned that the design and construction of an electronic system cannot be though to be complete without a fine casing to house the stages involved in the system. People attack great importance to the shape and design of the casing without considering the contents.

In fact a good packaging aids in the marketing of a product. In designing of a casing lets say electronic system, certain things have to be considered such include the physical quality or quantity of the stages in the system, is the system subject to external interference such a radio waves, are the system prone to temperature charges due to thermal heating and cooling of resistors and other associated components?

In this project, the casing was built in such a way that the components are easily accessible in terms of maintenance and repairs.

The casing has screw able cover and the provision for components or circuit fitting are made. The tracks and wires on the strip board do not touch the metal case. In preparing the casing, a plain sheet of metal is obtained and given dimension measured out with the measuring tape. The dimension are market out with a scriber and then cut with a cutting machine to the dimension marked on the metal. The whole centers where punched with the center punch and drilled into appropriate size with the drilling machine.

After this, the metal was bent with the help of a vice, hammer and some other accessories. Finally, screw nails were used to screw the necessary junctions together to place the casing intact.


Fig. 4.3: (a) Top (b) Side (c) front of the casing  
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	Pin 14
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	220Vdc


TROUBLE SHOOTING 

Trouble shooting involves diagnosis (fault tracing) location and reticulation of faults. Skill in diagnosis allows identification of faults which arises in a system, so that their cause may be found quickly and accurately.

To develop this skill a logical approach to fault tracing is employed. First there is need to verify the fault by operating the system. After which careful inspection on the system is made, adopting both cold and hot inspection. If cold inspection fails to yield result. Later the system is sectionalized into different stages and then the fault is traced at each stage.

In this project when the power is first switched on, the indicator failed to light up. This leads into diagnosing the fault and subsequently rectifying it. The fault was traced to open circuit on the indicator lead due to poor soldering. Instruments necessary for trouble shooting includes: oscilloscope, manual and multimeter. 

CHAPTER FIVE 

BILL OF ENGINEERING MEASUREMENT AND EVALUATION AS AT DECEMBER 2013 (BEME) 

Table 5.1

	Component 
	Description 
	Qty 
	Unit Price (N)
	Amount (N)

	Transformer 
	Step up 500 watts 

Step down 100watts 
	1

2
	30000

500
	3000

1000

	Capacitors 
	1000µF/25V

2000µF/40V
	2

1
	100

100
	200

100

	Resistors 
	10K

100K

1K, 2.2K
	6

1

3
	10

10

10
	60

10

30

	Variable resistor 
	1100K

50K

10K

1K
	3

2

1

2
	20

20

20

20
	60

40

20

40

	IC 
	HEF 4069UB
	1
	120
	120

	Zener diode 
	13V IN 4743A
	5
	40
	200

	IC  socket 
	14Pin
	1
	150
	150

	Power regulator 
	7812
	1
	80
	80

	Paper condenser 
	104
	1
	20
	20

	Diode 
	IN4001

IN5392
	10

8
	30

15
	300

120

	Relay 
	12Y 10AMP
	6
	250
	1500

	Transistor (MOSFET) 
	IRFZN44
	32
	150


	4800

	Nut 
	1Packet 
	-
	1000
	1000

	Heat sink 
	Small size 
	2
	150
	300

	Lead 
	Red, Yellow, Green 
	3
	10
	30

	Vero board 
	Small size (dot)
	1
	200
	200

	Casing 
	Portable 
	1
	2500
	2500

	Mains lead 
	1.5mm
	2yards 
	60
	120

	Packaging 
	-
	-
	12000
	12000

	Transportation 
	-
	-
	-
	3000

	Cable 
	10meters
	
	200
	2000

	Miscellaneous 
	-
	
	
	15,000

	Lead acid battery 
	-
	1
	50,000
	50000

	Total 
	
	
	
	125000


CHAPTER SIX 

CONCLUSION AND RECOMMENDATION 

CONCLUSION

The implementation of any design is not all that easy. It needs absolute patience and dexterity. A sound knowledge in electronic/physics is always needed in a project like this. Since a project involves starting from the known to the unknown, a design must know that he wants and how to locate it.

Having the above in mind, this work, power inverter with auto charging panel and changing panel is embarked upon which are now available in most places in Nigeria today.

As has been discussed earlier, this power inverter is an analogue type. In this design, the transistors and IC used are readily available in market. The major problem to the workability of any design is an availability of the desired material. 

In this project for instance, a number of difficulties were met during the course of design and constructing some components as was stipulated in the design were not available in the market and so a modification of the design was effected to suit the market trend.  

It is also necessary to mention that another important constraint to any design is finance, otherwise in this design a more elaborate type having so many specification could have been undertaken.

RECOMMENDATION

This work is highly recommended not only to researchers and students but also to anyone who may wish to know the operation and construction principles of power inverter. The uses and functions of some of the components used in the construction work are elaborated. To improve this inverter system, an oscillator that produces a sine-wave can be used. This produces a better sine-wave, but is less efficient. To improve the system also, more number of MOSFET can be arranged to give higher amperage and improve the efficiency.

The number of transformer turn-ratio for the primary and secondary can be increased to improve the efficiency of the transformer.

A battery with higher amperage should always be used to make the inverter system last for a long period time.
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Fig 2.6: Operation of a bridge rectifier
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Fig 2.9: Symbol of capacitor 





Fig 2.9.1: Variable Capacitor 
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FIG. 3.4: CIRCUIT DIAGRAM OF 5KVA POWER INVERTER
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