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ABSTRACT

An inverter is an clectrical device that converts dircet current clectrical power into
alternating current clectrical power.

There are basically three types of inverters, these are: Square wave inverter, modified
sine wave inverter and pure sine wave inverter. The objective of this project is to produce
an inverter that can supply a substantial amount of a.c. electrical power by using casily
sourced components. The inverter is made up of several sections and these sections arce:

N

the oscillator power supply. the amplifier, the switches., the transformer, the 12V battery
and the battery charger. The circuit was first constructed on a breadboard for preliminary
testing and was later permanently constructed on a veroboard with the aid of a 40W
soldering iron and some lead. The inverter was then tested: the tests revealed the
inverter's output to be approximately 200V which is reasonably okay. The charger also

worked as expected. In concluding, the project was a successful and exciting one.

vii



TABLE OF CONTENTS

TITLE PAGE .o i
DECLARATION. ..ottt iii
CERTIFICATION ...t iv
DEDICATION. .o, v
ACKNOWELEDGEMENT ...t vi
ABSTRACT ...ttt vii
TABLE OF CONTENTS. ...ttt e viii
CHAPTER ONE: GENERAL INTRODUCTION......cccvtieiinireeeiinnieeeeeenseeninns 1
LA INTRODUCTION. ..o, 1
1.2 PROJECT OBJECTIVE AND MOTIVATION. ..ot 6
L3 LITERATURE REVIEW. .ot 7
14 PROJECT OUTLINE .0 e, 10
CHAPTER TWO: THEORY AND DESIGN....oeeiiiiiiiiiinieeeeiee e, B
2.0 THE OSCLILLATOR ...t 12
2.2 THE TRANSFORMER ... 15
2.3 THE OSCILLATOR POWER SUPPLY ...viiieeeeoii oo 16
2.4 THE CHARGER ..ot 17
2.5 THE BATTERY ..ot e 8
2.5 AMPLIFIER ...t 19
2.6 MOSFET SWITCHES. ... ooe et 22
CHAPTER THREIR: CONSTRUCTION AND TESTING . oiviiiirriisiiiniscisninesae 25
3.0 CONSTRUCTION. .. ..ol 25

viii



3 2 TS T RESUL TS 20

3.3 DISCUSSION OF RESULTS oo 27
3.4 PRECAUTION S 28
CHAPTER FOUR: CONCLUSION AND RECOMMENDATIONS................... 29
4.1 CONCLUSTON e 29
42 RECOMMENDATIONS.....o 030
43 REFERENCES. ... 3

4.4 CIRCUIT DIAGRAM . .2 32



CHAPTER ONE: GENERAL INTRODUCTION

1.1 INTRODUCTION
An inverter is an clectrical device which is used to convert or change a dircct current
(from a direct current source such as a battery) into alternating current at the power
frequency (SOHz or 601z depending on the geographical location). Inverters are quite
similar to UPS (Uninterrupted Power Supply) systems, in fact, they work on the same
-principle with the difference being that. UPS systems are usually automatic. UPS systems
N

arc mainly used for short period backup purposes whereas an inverter is normally used
for long period power supply, an inverter can be used to supply power to an appliance. a
room, or cven a house. In reality. a UPS is a special type of inverter which can provide
backup power automatically. The convenience of an inverter can be better appreciated
when it is compared with its main rival: the petrol and diesel engine driven generator sets.
In contrast to the fuel engine generators, an inverter:

- Docs not produce unwanted mechanical vibrations

- Does not generate noise

- Docs not produce Killer fumes of carbon (1) oxide (carbon monoxide)

- Can be placed in any desired location.

- Needs little or no serving and maintenance because there are no mechanical

parts

- Has negligible running cost as it does not use expensive petrol or diescl.
In line with the points given above. inverters have gained worldwide acceptance as the
preferred means of power supply in the event of a power outage. They are widely used in

industrialized and developed countrices.



There arc basically three types of inverters and this classification is based on the shape of

the output waveform produced by the inverter. These inverter types are:

i Square wave inverter.
2. Modified sinc wave inverter
3. Pure sine wave inverter.

1.1.1 SQUARE WAVE INVERTER.
A square wave inverter has an output with a square waveform, it is the simplest type of
inverter (o build and it is also the cheapest to purchase. A simplified diagram of a square

wave inverter is shown below,
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Fig 1.1 Square wave inverter, state 1.
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Fig 1.2 Square wave inverter, state 2.

This particular connection is called the push pull topology. Only one switch is on at any
particular time.

1.1.2 MODIFIED SINE WAVE INVERTER
This is an improvement over the square wave inverter and it has fewer load compatibility
problems than the square wave inverter although it cannot power all types of loads. The
modified sinc wave inverter uses the H-bridge topology which is on the next page. As
scen on the next page there are 3 states as compared to the square wave inverter’s 2

states.
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Fig. 1.3 H Bridge topology, state 1
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1.1.3 PURE SINE WAVE INVERTER
A pure sine wave inverter produces a sinusoidal output wavelform. In most cascs. the
output waveform is even “cleaner™ than that supplied by the power company. Pure sine
wave inverters have no load incompatibilitics and arc ideal for all loads. The sine wave
inverter utilizes sceveral H-bridges which arc controlled by a microcontroller or
microprocessor. Sine wave inverters are expensive compared to the other inverter types.
In this project. | intend to construct a squarc wave inverter because of its simplicity and

~

availability of components.



1.2 PROJECT OBJECTIVE AND MOTIVATION
The objectives of this project arc:
- To provide a functional device

- To produce an inverter that can supply a substantial amount of power

To produce an inverter using commonly sourced components
5 This project was motivated or necessitated by the incessant power interruptions and
blackouts which arc prevalent throughout the country. This project aims to provide a

viable alternative to the petrol fucled generators (which are expensive to purchase and

even more expensive to run and maintain) in the event of a power failure,
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1.3 LITERATURE REVIEW
Inverters have been around for a long time and have been in use from as far back as
World War Il. The inverters of that time (which are the carliest inverters) were of the
motor-generator variety: you had an AC generator whose armature was being driven by a
DC motor. At that time. this was the only way to convert DC power to AC power and a

very popular brand of that era was Redi-line, which is still around today. The motor

generator was quite reliable with its output waveform fitting a wide varicty of

applicat\ions. but it was incfficient, it required 30amps to turn on and it had no startup
surge capacity.

TrippLite a Chicago based company founded in 1922 started producing inverters. The
carly units used mechanical vibrators to oscillate DC power into square wave AC. In the
rarly 1960s, after the invention of the transistor by Williamy Shockley in 1948, solid state
transistors replaced the mechanical vibrators. The first advantage of this type of inverter
was that it was not a motor gencrator. The unregulated square wave design could operate
resistive loads but it had no surge power for starting motors, It was unable to operate
reactive loads like compressors. ice makers or microwave ovens. There were many
compatibility problems including no frequency control. which was added later. This
allowed a steady draw, which could operate turntable motors and clocks. Through the
ycars, squarc wave technology has been phased out. Present day moditied sine wave
technology is utilized in TrippLite’s line of UPS devices and inverters.

Vanner Inc., was cstablished 1 1977, In 1979, Vanner introduced their first inverter: a
1000 Watt modificd sine wave unit. For this 100W inverter. Vanner patented truc RMS

recgulation and a power transistor drive technique. This transistor drive technique



achicved an unheard of 87% efficiency. A few years later. the product line expanded with
2200W and 3000W inverters. In 1986, onc of the inverter models included a
microprocessor control circuit.
First generation inverters used Metered Darlington Technology. This special circuit
metered base current to power a transistor proportional to load. The magnetic design
increased cfficiency. Second generation inverters used FETs (Field Effect Transistors).
Since FETs have almost no switching losses, efficiency was markedly improved. In 1990,
“
integrated circuits allowed the creation of energy management systems. In 1993, the first
microprocessor-controlied inverter/charger was introduced. The advantages of modified
sinc wave technology are cfficiency and relative cconomical cost. The modified sine
wave, however, still cannot run all loads because of poor peak voltage regulation and the
fact that AC output is not a “true™ sine wave.
Trace engincering developed and patented improvements to the modified sine wave
technology in their SW series inverters while not a true sine wave, the output is a multi-
step approximation that results in fewer load incompatibilitics. Trace Lngincering
supplies inverters to a global market. In fact, in South America the word for “inverter™ is
“Trace™.
Statpower Technologics Corporation with headquarters in British Columbia, Canada, was
founded in 1988. The company manufactured MSW (Modified Sinc Wave) inverters
using high frequency design, and provided portable power for remote arcas worldwide. In
1995, they introduced a pure sine wave inverter/charger. Using high frequency switching

techniques, they were successful in producing a high output charger with a power factor



approaching “17. There is negligible distortion at the DC port in both inverter and

charger, which is viewed as a technological milestone.

9



1.3 PROJECT OUTLINE

This project was written in four chapters.
Chapter One: This chapter contains the literature review, the introduction, project
objective and motivation and the project outline

Chapter Two: This chapter is about the Design Analysis and contains relevant
information about the design and the calculations carried out.
Chapter Three: This chapter contains information on the construction, testing, results.
discussion of results and the precautions taken.

; Chapter Four: The final chapter, it has the conclusion. recommendations and references

used.

|
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CHAPTER TWO: THEORY AND DESIGN

Shown below is a functional block diagram of the inverter to be constructed in this

project.
OSCILLATOR | AMPLIFIER MOSFLET STEP-UP
SWITCHIES TRANSIFORMER.
~ ¥ 1
OSCILLATOR
POWER < )
SUPPLY
outrur
220V ac.
. 12V

Fig. 2.1 Block Diagram of the project.



2.1 THE OSCILLATOR
The oscillator used in this project is an RC relaxation oscillator: its circuit diagram is

shown below:

I1Ca Rp 1Ch

Fig. 2.2 RC Relaxation oscillator

The oscillator circuit was shown this way so that the operation explanation can be casier
to understand.

When the circuit is switched on, assume the output of 1Ch is low: the output of 1Ca will
be high. Assuming the capacitor to be fully discharged. it charges up (from 0V) to the
supply voltage (+5V) plus the threshold voltage of the 1C (it happens to be +2.5V in this
casc), the voltage across R, the potential at point X rises to this value (supply voltage plus
threshold voltage) in a negligible time interval, then, it decreases to the threshold voltage.
This voltage across R is then applied to 1Cb through resistor R, now because the voltage
at point Y is greater than the threshold voltage of the 1C. 1Cbh sees it as a high signal and

subscquently its output (which is 1Ca’s input) will be fow.




" TFor the sccond half-cycle, after capacitor C has charged up to the supply voltage plus the
threshold voltage i.c. (Voo + Vin) it starts discharging towards Vi subscequently, the
voltage at point X decreases instantancously to (Vin — Vop) after which it gradually rises
to V. the input of 1Cb will be low so that its output now becomes high. This cycle of
charging and discharging of capacitor, C, is repeated indefinitely to obtain a square
waveform at the oscillator’s output.
The purposc of resistor R, is to limit the current passing through 1Cb and also to limit the
voltage \applicd across 1Ch to the range 0-Vip volts. Resistor R, does not affeet the
oscillation frequency. The charge time constant and discharge time constant of capacitor,
CisRC.
The NOT gatcs arc gotten from a 4069UB. hex inverter 1C. which has 6 NOT gates.
Charging period =t = RCIN (Vs = V) / (Voo = Vi)
Where Vpp = +5 Vand Vi = 25V
Discharging period = t2 = RCIn {(Vpo + V) / (Vin}
Total period = T =t + 2= RCIn 4 (Vo = Vi) *(Von + Vil / Voo - V¥ (Vaotl

T = RCIn (10 = 2.5)%(5 + 2.5)3/ {5~ 2.5) * (2.9)1]

= RCln {(7.5/2.5)(7.5/2.5)}

T = RCln (56.25/6.25) = RCIn (9) = RC(2.2) = 2.2RC.
Therefore, the oscillation frequency, = /T = 1/(2.2RC)
For an oscillator frequency of 50 Hz. C was made to be 2.2 ul while R was calculated

from: f=1/(2.2RC)

e /R =232C

Therefore; R = | /{2:2{€)



R=1/(2.2*50*0.0000022) = 4.13 kQ

To get an accurate frequency of 50 Hz. R was realized using a fixed 2.2 kQ resistor in

scrics with a 2.5 k) variable resistor,




G

2.2 THE TRANSFORMER
The transformer is used to change the voltage profile of the system from 12V to 220V
a.c. i.c. it acts as a step-up transformer. The output of the inverter is gotten across the
transformer’s 220V terminals. The transformer utilized in this project has the following
rating:
Primary: 12V center trapped. 15A maximum current
Sccondary: 220V
With the transformer’s primary rating, it implies that the maximum power that can be
handled by the transformer on its primary windings is (12 * 15) VA = I80VA and
assuming the transformer has 100% cfficiency (i.c. input power = output power). the
maximum power that can be gotten from the secondary windings will be 180VA although
the practical value is less than this because of the various losses in the transformer viz

2 . . ~ N
copper losses, "R losscs and eddy current losses. A schematic diagram of the transformer

3e

FFig.2.3 Step=up transformer

is shown below.

15



2.3 OSCILLATOR POWER SUPPLY

The oscillatory circuit (actually, the 4069UB hex inverter 1) is powered from the 12V

battery with the aid of a 7805, +5V regulator IC and some capacitors. The 7805 1C has
three (3) terminals: the input terminal, the ground terminal and the output terminal. 1t has
very good voltage regulation propertics and is quite suited for this application. The only
drawback is that it has a dropout voltage of about 2V to 3V i.c. to get a +5V output. the
input must be greater than +7V. this arises because of some transistor Viy: drops in the
IC. The schematic of the circuit used is shown belows

7805
O- IN OU ‘o)

COM co

FFig. 2.4 +5 V Regulator 1C

The 0.1l capacitor across the output improves the 1C™s transient response and keeps the
impedance low at high frequencies. The 0.33pl capacitor is used because the 1C s
located at some distance from the battery and it also pours the high frequency component
of the power into ground. The 7805 IC 1 used camc in a TO-220, plastic power package

with the 1C able to deliver a maximum current of 1A at it output.

16



2.4 THE CHARGER

185400
0
» |
: 2200uF, 25 v
. —ui u
T 5k 40°
115400

Fig. 2.5 Charging circuit.
The charger consists of a 220V/15-0-15V step down transformer with a center tapped
secondary. two 1N5400 silicon rectifier diodes (which can rectify a maximum current of
3A. this is more than the transformers maximum output of 2A): these diodes are used to
rectify the transformers output, a 2200ul/25V clectrolytic capacitor which is used to
minimize the output voltage ripple and a SKQ variable resistor which is used to sct the
cxact value of the output voltage to be used in charging the 12V battery. The output

voltage is sct to 13.8V. which is the recommended voltage for charging a 12V battery.



2.5 THE BATTERY

The battery used was a 12V rechargeable. lead-acid battery, having a minimum capacity

of 4.5Ah.



U

it o

2.6 AMPLIFIER

The amplifiers used arc two 2SC 1815, NPN transistors. These two transistors are used to
amplify the two output signals from the oscillator section, so that they can be used to
drive the gates of the power MOSFETS. These transistors are operated in the cut-off and
saturation region i.c. they act as switches.
The 28C 1815 has the following specifications:
Maximum collector current Iy = 0.15A

N
Turn on/Turn off time < 12.5ns
Maximum power dissipation = 0.4 W,
Current gain, hyy:= 100 (typically)

The amplifier schematic (only one since the two amplifiers work the same way) is shown

below:

12V

25C1815

Fig. 2.6 Transistor Amplificr




=43 mA
And I¢(sat) = 12 V/ 1kQ
=12 mA
Therefore. the transistor is well into saturation, output. V¢ = 0V, when there is a low
signal from the oscillator, Ii; = 0, which makes I = 0. the transistor will be working in the

cut-off region and output, V¢, = {2V,

21



2.7 MOSFET SWITCHES

Two n-channel enhancement mode MOSEFETs (Metal Oxide Semiconductor Field Effect
Transistors) arc used as switches to switch the 12V battery’s current on and off across
onc half of the primary windings of the transformer so as to induce an alternating current
and voltage in the secondary windings of the transformer. Each MOSFET is controlied by
applying the squarc wave output of the oscillator (which has been amplificd by NPN
transistors) to the gate terminal of cach MOSFET. The signal that will be applied to the
gate of\MOSFET I will be the “NOTed™ version (or inverse) of what will be applied to
the gate of MOSFET 2. With this arrangement, when MOSFET 1 is on. MOSFET 2 will
be off and vice versa, with the on and off frequency being determined by the frequency of
the oscillator.

The circuit action is shown below:

My Josk2173

2

28K2173

Fig 2.7 MOSFET switching |
From the diagram above, if we assume a high signal is applicd to the gate of MOSELT T,

then a low signal will be applicd to the gate of MOSEFET 2. As a result of the high signal

22



_at the gate of MOSFET 1, MOSFET 1 conducts the battery current from drain to source
through onc-half of the transformer’s primary in a particular direction, while MOSEFET 2
is off. During the next cycle, with a high signal applied to the gate of MOSFET 2 and low
signal applied to the gate of MOSFET 1. MOSFET 2 conducts in the same way MOSHFET
| did during the first half cycle. the only difference being that it uses the other half of the

transformer primary and the current is in the opposite dircction.

My Josk2173
——0
12V 2l
4.
1| E
L 0
M) sk2173

Iig 2.8 MOSFET switching 2

This cycle is repeated indefinitely with the consequence being that a square wave AC
signal is gotten from the sccondary of the transformer.

Two 2SK2173 n-channel enhancement only MOSFETs were used for this project. The
2S8K2173 has a maximum drain to sourcc current of 50A and an “on™ resistance less than

I 7m€ which makes it suitable for this project.
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I used MOSFLETs instead of BJTs because:

- They have low “on™ resistance.

- They can handle very high currents.

- They arc casy to connect in a circuit

- They work well in parallel connections.

- They are smalier than cquivalent BJTs,
N
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CHAPTER THREE: CONSTRUCTION AND TESTING

3.1 CONSTRUCTION
The circuit was first rcalized on a breadboard so as to enable casy testing and
modifications (which were necessary). the circuit worked perfectly on the breadboard.
After the breadboard stage the circuit’'s components were then transferred to a 65mm by
145mm veroboard where all the components in the circuit (except the transformers) were
soldered and connected together as appropriate. a 40W soldering iron and some ‘lead’
N

were used to solder the components to the board. Coloured insulation wires were used to
keep the circuit tidy and confusion free. After soldering the components together on the
veroboard, the whole circuit was housed in a wooden case.

Scveral instruments were used for carrying out tests on several parts of the constructed

circuit, I used two digital multimeters and one analogue multimeter to carry out all the

tests (sadly. there was no oscilloscope on hand for testing purpose).
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3.2 TEST RESULTS
Current drawn by oscillator and amplificr scction: 0. 1pA
Output voltage of 7805 regulator [C: 4.98V
Output voltage of oscillator (average): 2.45V
Output voltage of amplificr (average): 5.77V
Output voltage of transformer: 200V (approximately)
The out;)ut frequency of the oscillator section was precisely set to S0z by adjusting the
2.5KQ variable resistor in the oscillator circuit and measuring this frequency with a

digital multimeter which can measure frequency.
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3.3 DISCUSSION OF RESULTS
The current drawn by the oscillator and amplifier sections of the circuit was found to be
0.1pA. This obtained value shows that negligible current is being drawn from the battery
by these scctions of the circuit. making enough battery current to be available for
conversion to alternating current. This current value therefore. increases the efficiency of
the inverter.
Output voltage of the 7805 1C was found to be 498V (approximately SV).ideal for
powcring\; the 4069UBE 1C. The oscillator’s output voltage of 2.45V might scem
incorrect, but on consideration it is found to be correct. This is because the oscillator’s
output has two values; 0V and SV, with cach value being presented for an equal amount
of time, with the end result being that,
Vou = Vin * To/(Tont Tom).
because Ton = Torr => Vou = Vin/2
where V,, = 5V
Vou =5/2V =25V,
The value of the output voltage of the amplifier section can be explained in the same way
as above with the only diftference being hat it is switching between 0V and 12V,
The transformer’s output of 200V is duc to voltage drops along the transtformer windings
and is to be cxpected. This voltage is actually okay for most appliances because they
operate on a voltage profile of 200V to 240V, only in rare cases will a voltage regulator

or stabilizer be required.
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3.4 PRECAUTIONS.
[ used a 40W soldering iron for all soldering purposes. this I did in order to
protect the NPN transistors and power MOSFETs from being damaged due to
excessive soldering heat,
I used thick wiring in the high current scctions of the circuit. so that the wires do
not get burnt while in usce.
I attached heat sinks to the power MOSFETSs so as to quickly dissipate the heat
N
generated in them and bhence prevent them  from being overheated and
subscquently damaged.
I took carcful measures to ensure that the high capacity lcad-acid battery never
got short-circuited because of its ability to cause scrious damage when short-

circuited.
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CHAPTER FOUR: CONCLUSION AND RECOMMENDATION

4.1 CONCLUSION
The objective of building an inverter with a battery charger has been met and from the
results gotten from the testing stage, the inverter and charger worked according to
cxpectation.  In conclusion therefore, the project was  successfully  undertaken.
Performance levels of the project was within the acceptable Himits of deviation. all in all it

was a worthwhile project which gave me a worthwhile experience.

~
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4.2 RECOMMENDATIONS

I would like to make the following rccommendations for this project and also for

cnhancement of this project.

- Inverters should be adopted nationwide to counteract the effect of frequent power
outages in the country. inverters should also be used because they are noiscless,
clean, nced no maintenance and are far cheaper than cither petrol gencrators or
diesel gencrators.

N

- Inverter design and technology should be properly taught in the department

- The department can start producing inverters for the institution by utilizing
students on SWEP or other convenient means.

- To improve the project. a transformer with a higher VA rating than that used can
be employed. this will increase the inverter's maximum VA rating.

- The charger circuit’s status can be upgraded to that of an automatic charger so
that the charging process can be automated.

- Next time out, a modified sine wave or perhaps even a pure sine wave inverter
should be built so as to provide better load compatibility.

- A single transformer with separate turns for the inverter and charger or probably.

a relay can be incorporated into the circuit.
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4.4 CIRCUIT DIAGRAM

v[l

Pin 14 of the IC is conncected to the 7805°s output while pin 7 is connected to ground.

Fig. 4.1 Complete Circuit Diagram
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