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· •t ·eon.verts DC supply into AC stepped up voltage. It co.rnprise.lí of ?!ií

U'!iÍts. These are the Oscillator unit which produces an alternating signal for
,;,'

driver. The driver is a buffer IC (CD 4050) to supply the dual alternating

outputs responsible for switching on and off of the power transistor, the

switching unit uses six power MOSFETs to switch on and off the DC voltage to

be inverted, the transformer unit which is use to couple the voltage swings due

to switching of the transistors at its primary center tap to a square wave. The

low battery unit is used to monitor the battery voltage, the change over unit

which changes the output supply from the inverter to mains supply and finally

the charging system which charges the battery. The result is an input DC

voltage inverted to an AC stepped up voltage .
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· INTRODUCTION . ;:'•,n.

•.

í.1 :PREAMBLE

The most common type of inve1ter is the DC to AC inverter. This takes

in DC signal and produces an AC output. The conversion process can be on a

ratio, an amount that defines the multiplying factor between the input and the

output voltages. In this way the inverter can be operating in step down mode,

where the output signal is at lower level compared to that of output signal; or

step up mode with the output being much more compared to the input signal

level. The latter is the most common mode of inverter operation. Here, a small

DC voltage say 12V is fed into the system to produce a 220V or 230V AC

output as desired. The AC output voltage from the inverter is used to drive ac

appliances. Depending on the load requirement, the inverter must meet the

necessary power to drive the load. Likewise the de source must have the

capacity to supply the necessary power for the whole conversion process.

There are basically two types of de to ac inverters base on their output

yqltage waveforms. These are pure sine waves and square wave inverters..
;

¡¡; ,.

•
.

,

' , • forro of the latter is modified square wave inverter, this is the cheap
·

·r'!r!-- .•
•

,.. ••
/2 .;?le inverter in the market. This usually has lh.l'l.

,·.
. ·.

'; . ? .?:;"it?,
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:•li?&::csqttate waye technology is employed in the proá?ti':. e,?.,
,.

m.ostIJPS ín market today [ 6].
);£

1.2 PROJECTMOTIVATION

For ages, life in this country has been difficult for the majority of its

populace. The people are used to hardships and inadequate social amenities

such as education, water supply and electricity. It is rather unfortunate that

people are so much used to black outs that they tend to raise eyebrows just for a

constant power supply from Power Holding Company of Nigeria ple (PHCN),

for a supply of more than 24 hours at a stretch: People resolve to alternative

sources of power supply available and affordable, while the PHCN supply

serves as only a standby instead of the other way round.

With the level of unemployment of the youth in the country, increasing

with an alarming rate every day the intention is to use the knowledge acquired

from electrical engineering in contributing towards the reduction of the

hardship, by providing not only a job for the unemployed, but also a level of

. -?

?-;_J.}::

·'ft,f1·.

.-.-,+

\.-., _.'

.

:_, ,_·_ ..

swft,Çtion for those seeking power supply alternative.
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?\\!b.01ttl-Y in manufacturing, operation and rurtnírtg cQ$t, •. Giii,??·,
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?

?b,éuld he kept in view at the design stage. One of the important criteríall'l

design is to get the minimum losses for a given total cost. If only initial cost ÍS·

considered and we try to minimize it, this could result in equipment which may

be expensive for operation and maintenance; the losses may be more and if we

try to minimize the losses to get maximum possible efficiency from the

equipment it may tum out to be costlier. There has therefore, to be a balance

between the losses and the cost. Hence the aim of this project is to present the

basic design as per required specification for a given total cost.

1.4 PROBLEM DEFINITIONAND METHODOLOGY

Building electrical equipment as economical as possible which will be

suitable for the intended application and will meet the performance expectation

is paramount importance to manufactures the electrical apparatus.

The methodology used in the design of this electrical apparatus is;

The appropriate DC to AC supply system, which involves the choice of its basic

u.r.nusuchas;

· .. ·· ,J.•t-•'
. '

..

· ·
··

·. w battery unit

·-"!.:t!'·:,. .-·'
. -

¡
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Th, füst pmblom ,noounto«d w,s in obtoining tho ox"'1 50 Ih ,,,SCOPE AND LIMITATION

frequency from the oscillator. One of the major setback encountered was the

long time industrial strike action embarked upon by the nonacademic staff

which made it impossible for me to use the electronic lab to carry out test. The

test was carried out in Kadpoly electronic lab.

Consistent power failure was also a major setback in my effort. Another

limitation of this work is that the output waveform of the system is not

sinusoidal and the system would not be suitable for running inductive load.

1.6 THESIS OUTLINE

Chapter one; Introduces the project and it is made up of aim and

objectives, project motivation, problem and methodology, literature review and

thesis outline. Chapter two contains the theoretical background discussing the

various components involve in the design work. Chapter three is on deslgn.

}pedw=ce,Chapter
four covers the construction and testing ofthetne$i$

' :·· '
,. .

-

.

· of Jill:lítation,.cqnclusion an<i re.cqmroendatí?,,. .

.·

: ..::._')?-,:-.
.1.:,!,

' ,.-,;?,i"'=i'i:?- 'li::·;··
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The major components used in the design are detailed in this chaptl}t.

Each constituent of the design is explained based on their configuration and

mode of operation.

2.1 LITERATORE REVIEW

Inverter circuit was developed or introduced by heart interface, based in

America in 1983[4]. In 1994, there was an improvement in the inverter

technology, as the MOSFET was then introduced for the main power output.

The power MOSFET was used so that it could make design smaller to switch

larger cmTent.

Work has been done on this project and is still in the experimental stages,

where it started from the work of Shattuck, who describes the inverter output

wave-shape to the techniques for realizing uninterrupted power supply, as

describe by Raiden M E. A design was also of a UPS, as a wave form signal

gÇt!létaiO!-',

: ;.........
o!?

_,,.,o?:' ?ingtil..,,".
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,Ii te j)tõvide power in case of 1nains power:FaHttre, ? J
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?a:d,u Bello University Department of Electrical Engineering in 1998 µaé§ ··t,:i?
•:/??l-

thé principles of rectification and inversion to design an online uninterrupted

power supply.

All that has been done in this field is a demonstration of the basic

principle of operation of the inverting system. This project set out to determine

the requirement and fact (practical tips) about constructing a DC - AC inverting

system, based on the load demand making use of the available and affordable.

2.2 HISTORYBACKGROUND OF THE STUDY

The IC chosen as the oscillator is the SG3524. This is a 16 pin integrated

circuit. The SG3 524 is a fixed frequency pulse width modulator (PWM)

voltage regulator circuit. Pulse width modulator is achieve by having a

feedback system which sense the inverter's output voltage or load current.

When this feedback senses that the load on the inverter's output has increased,

,,,
'l,c

i&o/'
\;/

the inverter's control circuitry acts to increases the width of the pulses which

t\U'll· Ort the MOSFETs. So the MOSFETs tum on for longer each half cyclêt
.
J

.,: : 'Ili

t'JS.Üf çorrectir1g the RMS value of the output to com?llS¡¡.te fot

'.-/:,;-º:-?
,_ ,;-

.. -_-_
-_, ...•

-

-- .. __ ·_.--- _-, __

'

· ·.
:

·

.¡¡, 0 i;¡t, 'I'.> · -· lting regµ?ti@ ill ... C

•-· ... ' -- .
.. .

. . . .
.

·-
...

;
?

.,.
-;·

,,.
.

. ·,

_:'"
,.

-?_;;:_. ?:/1\
\

..



,,,,,.,:., ,r''
•. , ' ;-???¡¡,,¡¡;oc

.

·

•

· ·

·

·

?{?b?X?Ty imcrease the pulse width to a certain point. In \
-:,,-:.-.

.
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tl:le ottputvoltage b

2.2.1 DESCRIPTION

The SG3524 incm?orates on a single monolithic chip all the functions

required for the construction of regulatory power supply inverters or switching

regulators. They can also be used as the control element for high power-output

applications. The SG3524 family was designed for switching regulators of

either polarity, converter applications employing fixed frequency, pulse-width

modulation technique. The dual alternating outputs allows either single-ended

or push-pull applications. Each device includes an on-chip reference, error

amplifier, programmable oscillator, pulse-steering flip flop, two uncommitted

output transistor, a high gain comparator and current limiting and shut-down

circuitry.

•JI
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CA. = Collector A

EB = Emitter B

CB = Collector B
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1n this chapter, detailed procedure of the design of 1 SKVA
.

.
';-':'.!

. square wave
· A,;::

inverter is presented. B kn .
.

.
.

" '

Y owmg designed spec1ficat10n and available inpl.lt

parameters, we can hav
.

e an accurate and simple relationship between the input

and output to perform the require task.

Designed specifications are as follows:

a) Input DC supply
= 12v

b) Frequency of operation
= SO Hz

e) Output AC voltage =240V

d) Output power
= l.SKVA

3.1 PRINCIPLEOF OPERATION

The regulator operates at a frequency that is programmed by one timing

resistor (RT) and one timing capacitor (CT)- Ri· establishes a constant charging

current for CT· which is fed to the comparator providing linear control of the

: > ¡ pols• width by tM erro, runpHfi<rr. Tho SG3524 oontmns ,n onbmud >V J
•. ,.

e ,.,f,.. 1•

·

• •, W •!lmt serv"' " , ,.rerence as well poworulg 1b, gms24•, ?;

- ·-··:¡,¡_
.. ·-.

..
..••

.. •.· -
•....

,---

. ·
· , · ·

,-,•-? ts also useful in supplyit1g
eJltema!. S?PVOO fímit:

· ·
·
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... ijiviâet network to generate a feedback signal to error amplifier. The àmpfí?¡?·-,.

output voltage is then compared to the linear voltage ramp at Cr. The resulting

modulated pulse out of the high-gain comparator is then steered to the

appropriate output pass transistor (QA or Q8) by the pulse-steering flip flop,

which is synchronously togged by the oscillator output. The oscillator output

pulse also serves as a blanking pulse to ensure both outputs are never on

simultaneously during the transistor times. The width of the blanking pulse is

controlled by the value of Cr. The output may be applied in a push-pull

configuration in which their frequency is half that of the base oscillator. The

output of the error amplifier shares a common input to the comparator with

current limiting at shutdown circuitry and can be overridden by signals from

either of these inputs. The common point is also available externally and may

be employed to control the gain of, or to compensate the error amplifier, or to

provide additional control .to the regulator.

,
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33 THE UA741 OPERATIONAL AMPLIFIER

3.3.1 DESCRIPTION

The UA74 1 as a general purpose operation amplifier featuring offset-

voltage null capability the high common-mode input voltage range and the

absence of latch up make the amplifier ideal for voltage-follow applications.

The device to short circuit protected and the internal frequency compensation

ensures stability without external component.

3.3.2 COMPARATOR

The operational amplifier UA 741 is used in this project as a comparator.

?•',
:='.:.,r,

··l= A comparator is a circuit that compares an input voltage with a reference

,.- . -.?·· .... , Th t t f the comparator then indicates whether the input signal is /i
•?.11U1Se

e ou pu o
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iq,e dr below the.reference
voltage. This depend on where the input?
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• whel'ê the reference voltage is !!;pp'lieil' (+ 0$" ?lr't?
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OFFSETN2

-? OUT

Fig 2.2 Op- amp pin configuration

3.3.3 DEFINITION OF UA741 PIN FUNCTION

Pin 1 (Offset null) since the op-amps is the differential type input offset

voltage must be controlled so as to minimize offset. Offset voltage is nulled by

application of a voltage of opposite polarity to the offset.

Pin 2 (Inverting input): All input signal at this pin will be inverted at

output pin 6. Pins 2 and 3 are very important to get correct output signal or the

op-amp cannot do its work.

Pin 3 (Non-inverting input): All input signals at this pin will be processed

nonnally without inversion. The reset is the same as pin 2.

Pin 4 (Negative pin): All negative pin supply voltage terminal supply

. for the 741 is -4.SV (mm) to - 18V (max), and it is

'
•·. •. ..

e operating range

. 'll erate essentially the same over this range ofvoltag?_
t device w1 op

.
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ou pu a square wave m e case o an mvertmg:

comparator circuit.

Pin 7 (Positive pin): The positive pin is the positive supply voltage

terminal of 74 lop-amp IC. Supply voltage operating. Range for the 741 is

+4.5V (mm) to +
1 8V (max), and it is specified for operation between +SV and

+ 15V de. The device will operate essentially over this range of voltages without

change in timing period.

Pin 8 (N/C): The "N/C" stands for "not connected" there is no other

explanation there is nothing connected to this pin, it is just there make it a

standard 8-pin package.

3.4 MOSFET

,.·:', "d
· nductor field effect transfer (MOSFET) is a device

/1
Metal oxt e semi-co

b t n two contacts (source and drain) using a voltage

, .
, that control a current e wee

·

·'··•·"\
..

f :MOSFET used in this project is power MOSFET

,

J (Gate). The type o
.
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?-?meat inode, double diffused, metal oxide silicon, field effect. ti'iuíf/?1:;,.

They perform the same function as N-P-N Bipolar Junction Transistor except

the former are voltage controlled in contracts to the current controlled bipolar

devices. Today power MOSFET owe their ever-increasing popularity to their

high input impedance and to the fact that being a majority cai.Tier device, they

do not suffer from minority cai.Tier storage time effects, thermal run away.

3.5.1 MOSFET OPERATION

An understanding of the operation of mosfet can be best be gleaned by

fi .d
.

g the later mosfet as shown in the figure 2.3
irst cons1 enn _
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Fig 2.4 Lateral MOSFET transistor Biased for forward current conduction

Note that since the holes have been repelled from the gate channel, the

electrons are the 'majority carriers" by default. This mode of operation is called

'enhancement" but it is easier to think of enhancement mode of operation as the

device being 'Normally off' i.e, the switch blocks current until it receives a

signal to turn on. The opposite is depilation mode which is normally "on"

J
\à','!=

device.
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I Fig 2.5 Contributíon of different parts ofth MOSFET
.

e to the on state resistance

Rs is the source resistance, it represent all resistances between the source

terminal of the package to the channel of the MOSFET resistance of the

wire bond, of the source metallization and of the N wells,

Reh: this is the channel resistance it is directly proportional to the

channel width for a given die size to the channel density the channel

resistance is one of the main contributors to the RDson of low voltage

MOSFETs, and intensive work has been carried out to reduce their cell

size in order to increase the channel density.

·

stance it represents
the resistance of the epitaxial

_Ra: is the access rest ,

. d th electron where the direction of the current

iene directly un er e
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ª layer. As the role of this layer is te

sustain the blocking volta e
. .

g '
Rn is directly related on the voltage rating

of the device. A high volta M
.

ge OSFET reqmres a thick, low doped layer

(i.e Less Resistance) as a 1. Rn.
.

resu t, 1s the mam factors responsible for the

resistance of high voltage MOSFETs.

• Ro is the equivalent of rs for the drain. It represents the resistance of the

transistor substrate and of the package connections.

11. BREAK DOWN VOLTAGE OR ON STATE TRADE OFF

When in the off-state, the power mosfet is equivalent to a PIN diode

(Constituted by the P Diffusion, the N·Epitaxial layer and the N substrate).

When this highly symmetrical
structure is reverse-biased,

the space charge

· d
·

· al on the height doped side i.e over the N' layer. This

region exten s pnnc1p

·

. h t w· thstand most of the MOSFETs off state drain-to-

:
s that this layer as O 1

,e• voltage.
..AQSFET

is in the On-state this N' layer has no .
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oi the transiStºr, the doping level and the thickness of NEpitaxial layer.

,:?· ;,

''1th¢ thicker the layer and the lower the doping level. The higher the breakdown

voltage. On the contrary, the thicker the layer and the higher the doping level,

?
·¦

-1--

the lower the Rdson (and therefore the lower the conduction losses of the

¡, MOSFET). Therefore it can be seen that there is a trade --0ff in the design ofª

'=-
..,. MOSFET, between it voltage rate and it's in state resistance.

J

(iii) SWITCHING OPERATION

Because of their unipolar nature, the power MOSFET can switch at very

d h
. no need to remove minority carries as with bipolar

high speed. Indee , t ere is

limitation in commutation speed is due to the

d
. The only intrinsic

ev1ces.

üSFET as shown below.
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3';$3 CAPACITANCES

ln MOSFET data sheet, the capacitances are often named Ciss (Input

capacitance, drain and source terminal shorted) Coss (Output capacitance, gate

and source shortened) and Crss (Reverse capacitance, gate and source

shortened). The relationship between this capacitance and those described

below is:

Ciss = CGs + CGD

=

l
? ?=?

.

Z;:-.
tively the gate to source, gate to dram

-.•, Wh C SC and Cos are respec
ere G GD

't ce
. drain to source capaCI an .

Coss = CGD + Cos

GES OF pQWER M.OSFET

VAN'fA tart to flow drain to soutée.
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d because
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, ?it o.f the relay creates a ma
.

gnet1c field whi h

.

c attracts a lever and changes the

switch contact. Mechanical rela h
.

.

ys ave two switch position and they are double

thrOW (change over) switches.

'
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3.6.1 MODE OF OPERATION

A relay consist of two parts, a coil and a magnetic switch when a electric

J
current is passed through a coil, the resulting magnetic field attract the

armature, and the consequent movement of the movement of the movable
..
ii
i
?
?
;

i:.=«-·...
--t ..

,
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h tact and break the connection and vice-visa if the

;,/í,., movements open t e con
. It';

-

;
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Wh the current in coil is switched off, the annature is

nntMt were open.
en
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1
half as strong as the magnetic force, to it

=
@1:íÓ by a force, approximate
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contact or contacts either makes or breaks a connection with a fixed contact. If

the set of contacts was closed when the relay was de-energized, then the
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,_.0,;,eanbe
thrown by energizing the coil in one of three ways:

·

:?

,!! ?pnnally-Open (NO) contacts connect the circuit when the relay is

activated, the circuit disconnected when the relay is inactive. It is also

called an form A contact or "make" contact.

Normally-Closed (NC) contact disconnect the circuit when the relay is

1

· · t've It is also

t. t d the circuit is connected when the re ay ts mac I .

ac 1va e
,

called a form B contact or "break" contact.

CDT) contact control circuits: one

O (CO) or double-throw ,

Change- ver ,

ally-closed contact with a common

en contact and one norm
normally-op

t "transfer" contact ("break
d form C contac or

.

1
It is also calle a

termina •

"make before break"
. f contact utilizes

ke") If this type 0

before ma ·

? D contact.
. is called a iorm

functionality, then
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are1ay- coil is switched off. F" 2
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.... tg,. .7 shows bów â<
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l48) is connected "backw d "ar s across the relay coil to provide this

¡à;:,

.
. Curmit flowing through a relay coil creates a magnetic field which

}:,•:;;•
·

·

..... suddenly when the current is switched off. The suddenly collapse of

• ?e field indices a brief high voltage across the relay coil which is

wsy lik.ely to damage transistors and lCs. The protection diode allows the

iaduced ?-oltage to drive a brief current through the coil (and diode) so the

magnetic field dies away quickly rather than instantly. This prevents the

h dam,.,.,. to tran5Ístors and !Cs.

{ . in4uced voltage becoming high enoug to cause .. --=?

d.f,.. t ,..,.pes ofrelavs which include:

There are 1 1eren 'J •

Latching relay

Read Relay

Polarize Relay

·,1

or Relay
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• s,1a1eRelaY

.?BelaY
e.t,c
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. O '$ Cllll switch high voltag?s.

?lays are better choice of swit h" l

t..:.

c mg arge currents (> 5 A).
j·

11
11

/ Relays can switch many contacts t
[•''

·
a once.

¡.11
- -?VANTAGEES.....

,.

ii.

iii.

Relays require more current than many les provide.

Relays use more power due to the current flowing through their coil.

Relay cannot switch rapidly (Except read relay).

TRANSFORMER SELECTION

The specifications
of the transformer are:

Input power
== Output power
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f
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== 12 V

== 1.5KVA
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?the transformer is a shell type, then k = O.OS 7
.:e•.¡·

,,· . 2

., A= 0.0022076m .

I,· ...
'

The secondary current is obtain from the relation

Transformerrating = VI,

Where I, = secondary current

... 3.2

H I = 1500/240 = 6.25A ······
.

ence, s

Since the input power
= output power

[;

1500 = 12lp

I = 1500/12 == l 25A
II
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This is an expression for obtaining the voltage per unit tum of the

V¡/N¡ = 4.44 x 50 x 1.51 x 0.0022076 = 0.740

Since the voltage per unit turn is constant then

i.1!

Ji

;:¡_:,

:i
-;:)

_:-?

For the primary winding,

i

]1112/0.740
== 17 turns

l,_1 • /N2
::= 0.740

?lilt secondarY
winding, V2

·I¡>>_. _A_f\ JO 740;:: 325 tul'IlS
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? current density per square inch

125 = 0.14 inch2 (SWG 14 will be used)
3.14 x2000

ondary wire gauge

p= fT
?·· f?
f
Where Is== 6.25A

?

}'
'••;.

..

,.,_:.

.. ...

:.Jõ.000995
•·

•11 be used)
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4.7 x2.5

5-2.5
=4.7kQ

lrr-SG 3524 contains a 5V regulator that serves as a reference and also

¡the external regulatorcontrol circuitry, this reference voltage is divided

t:!Ja resistor network to supply a reference within a common mode

·:lhe error amplifier (L8V to 3.4V).
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Fig 3.1 Potential divider
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