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ABSTRACT

The 300VA DC to AC inverter is an electronic device that converts a given 12Volts
(direct current) from a battery source to 220V (alternating current) to provide backup and
uninterrupted power supply to consumer equipments. Within its circuitry is an automatic
voltage regulator and a frequency adjustment system for both voltage and frequency
stabilization. Also included is a charging system that charges the battery once mains
power is restored. The modular form of design was employed and construction carried out

in stages, with theoretical backing from various books and websites.
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CHAPTER ONE

INTRODUCTION

Advancements in micro-electronics application technology have sparked an
advanced growth in the field of power electronics. This growth has led to the application
of discrete components and devices for design and construction of power electronics
systems for an effective way of achieving efficient power utilization.

Due to various disturbances to power supply from mains or generating firms, it is
imperative to design a system that eliminates or reduces the effects of such disturbances:
these disturbances could be an overvoltages, undervoltages, spikes, surges, variation in
frequency and even power outages. The alternative source of power that would have help
reduce the effect of the above disturbances, to a larger extent is the diesel and petrol
generators, but the fumes produced by it, the high noise level and the high cost of
purchase, has made it a less likely option.

DC to AC inverter has proven to be the best alternative source of power supply
that means the above demands. It produces a regulated and continuous power from a low
voltage DC source (12V) such as a car battery. This makes the device suitable when you
need to use AC powered tools and appliances when AC mains power is not available.
Examples of AC powered tools are operating appliances in mobile homes, running audio,
video and computing equipment in remote areas, lighting in homes etc.

Although most appliances and tools designed for mains power (AC) can tolerate a
small variation in supply frequency; they can malfunction, overheat or even be damaged
if frequency changes significantly. Examples are electro-mechanical timers, clocks with
small synchronous motor. To avoid such variations in frequency, the AC to DC inverter

has embedded in its circuitry components that inverters output frequency is stabilized and



can be varied within a specified range. This is an advantage, when electronic equipment
with frequency rating different from that of a region to which it was exported could be
changed to the required frequency.

Another feature of the DC to AC inverter is an automatic voltage regulation that
senses a drop or increase in output voltage and stablizes the output voltage from the
device.

An automatic switchover system of the inverter employs a relay in obtaining
continuous voltage supply, whether power from mains is on or off. When power from
mains supply fails, the relay switches from mains supply to the DC (12V) battery supply.
And it switches back to mains supply when mains power is supplied and immediately
begins to charge the battery.

The charging circuitry of the DC to AC inverter, monitors battery voltage level
and charges when voltage from battery is low and stops charging when battery voltage
reaches maximum allowable limit.

1.1 AIMS AND OBJECTIVES

The 300 VA DC to AC inverter was designed to provide a, low noise, pollution
free, low cost alternative source of electric power of 220V, when mains power fails or is
not available.

To provide a regulated AC output voltage of 220V at a stable frequency from a
12V Direct Current battery.

1.2 METHODOLOGY

The 300@ Watts DC to AC inverter was designed and constructed after research

into the theoretical and analytical analysis of the device in textbooks, websites and

consultation with individuals with expertise in the electronic field.



The modular form of design was employed in the design. Design was carried out
in stages with test carried out at each stage, with relevant measuring devices to compare
and contrast with expected resulis.

Cost of production, non-availability of efficient testing equipments, losses in
transformer, manufacturer’s error, were some of the constraints to achievable
performance.

The block diagram of the inverter is shown below.
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Fig. 1.0 Block diagram of 300W DC to AC inverter.



CHAPTER TWO

LITERATURE REVIEW/THEORETICAL BACKGROUND

Despite the negative effect of war, one of the benefits of World War II was the use
of inverters during that period. The inverters of that period were of the motor generator
variety; an AC generator whose armature was being driven by a DC motor. That was the
only way to invert DC to AC during that period and a popular brand of that era was the
Redi-line which are still available today. The motor generator was quite reliable with its
output wave form compatible with a wide variety of applications, but it was inefficient, it
required 30 amps to turn on and it had no start up surge capacity [2].

Tripplite, a Chicago based company founded in 1922 started producing inverters.
The early unit used mechanical vibrators to oscillate DC power into square wave AC. In
the early 1960s, after the invention of the transistor by William Shockey in 1948, solid
state transistors replaced the mechanical vibratos. One of the advantages of this inverter
was that the unregulated square ware design could operate resistive loads, but it had no
surge power for starting motors. It was unable 10 operate reactive loads like compressors,
ice makers or microwave ovens. It had 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 years, square ware technology has been
phased out. Present day modified sine wave technology is utilized [2,3].

Vanner Inc. was established in 1977. In 1979, Vanner introduced their first
inverter: a 1000 Watt modified sine wave unit. For this 1000 Watt inverter, Vanner
patented true RMS (root mean square) regulation and a power transistor drive technique.

This achieved an unheard of 87% efliciency, a few years later; the product line expanded



with 2200W and 3000W inverters. In 1986, one of the inverters included a
microprocessor control circuit [3].

First generation inverters used Meteroid Darlington Technology. This special
circuit metered base current to power a transistor proportional to load [3]. 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 micro processor controlled
inverier/charger was introduced. The advantages of modified sine wave technology are
efficiency and relative economical cost. The modified sine wave, however, still cannot
run all loads because of peak voltage regulation and the fact that AC output is not a true
sine wave.

Trace engineering developed and patented improvements to the modified sine
wave technology in their sine wave sine’s inverters, while not a true sine wave; the output
is a multi-step approximation that results in fewer load incompatibilities [2].

Starpower Technologies Corporation with headquarters in British Columbia,
Canada was founded in 1988. The company manufactured MSW (modified sine wave)
inverters using high frequency design; and provided portable power for remote areas
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 “1”. There is negligible distortion at the DC part in both
inverter and charger, which is viewed as a technological milestone [2,3].

Most inverters do their job by performing two main functions, first they convert
incoming DC into AC, and then step up the resulting AC into mains voltage level using a

transformer [9].



Earlier inverters made use of tunnel diodes, SCRs and transistors in the inversion

process {7}, but modern inverters use a basic circuit scheme like that shown in Fig. 2.1

below [9].
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Fig 2.1 Basic Circuit Scheme of DC-AC Inverter

As can be seen the DC from battery is converted into AC very simply, by using a
pair of power MOSFETs (Q1 and Q2) acting as very efficient electronic switches. The
positive 12V DC from the battery is connected to the centre tapped of the transformer
primary. While each MOSFET is connected between one end of the primary and earth. So
by switching on Q1, the battery current can be made to flow through the top half of the
primary and to earth via Q1. Conversely, by switching on Q2 instead, the current is made
to flow the opposite way through the lower half of the primary to earth.

Therefore by switching the two MOSFETS on alternately, the current is made to
flow first on one half of the primary and then in the other, producing an alternating

magnetic flux in the transformation core. As a result a corresponding AC voltage is



induced in the transformers secondary winding and as the secondary has 24 times the

number of turns in the primary, the induced AC voltage is much higher [9].



CHAPTER THREE

DESIGN AND IMPLEMENTATION

The following pages contain the steps taken in the design and construction of the
300VA DC to AC inverter. The mode of operation of each module of the design is
carefully explained, with diagrams of each module drawn, and specifications, reasons for
the use of components stated, also appropriate values obtained at each stage in terms of
voltage and current are supplied. Components were well tested before connections for
each stage was made on veroboard, which test and measurement for output for each stage
was carried out using appropriate instruments to verify workability.

3.1 AUTOMATIC VOLTAGE REGULATOR

3.1.1 Voltage Regulation:

In any power supply circuit like the inverter output voltage may vary or fluctuate
due to the fact that as load increases, the output voltage of power supply drops, this means
that load current varies with the load. Then the output voltage is said to be unregulated.
The function of a voltage regulator in a power supply unit is to provide a steady value of
output voltage despite possible variation in voltage and load. In this, project discrete
components were employed for voltage regulation and their description is given below:

3.1.2 DESCRIPTION OF COMPONENTS

o The (9013 transistor:
The C9013 transistor is a Bi-polar junction transistor (BJT) of the NPN type, and

has the following parameters and current relationship:

Ie (mA) - 500
PsmW) - 625
Vcc (max) - 20V



Vi (max) - 40V
hge - 120V
The C9013 was chosen for this circuit, because of its high gain which makes it
respond to very small changes in voltage, thereby providing excellent voltage regulation.
o The Zerner diode:
The simplest and commonest voliage regulator in use is the Zemer diode whose

voltage current characteristic curve is shown below

vV

Fig. 3.1: Current characteristic curve of Zerner diode
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Fig. 3.2: Symbol of Zerner diode

Zemer diode operates in the reverse biased region, if the reverse vollage is
increased from O volis only the reverse saturation current flows. At the breakdown
voltage Vz, the negative current starts to increase appreciably. Any voltage higher than
Vz applied to the diode does not increase the output voltage, despite rapid increase in

reverse current. This means that Zemer diode can regulate the voltage applied to it



provided breakdown voltage is exceeded [10]. The Zemer diode used in the regulator
circuit is a 3.1V Zerner diode.
o The capacitor:

The capacitor used in the regulator circuit is a 10uF capacitor, it is used to
smoothen voltage from the rectifier circuit.

3.1.3 Mode of Operation

1k

Co013
10k
FROM RECTIFIER »——AAA—4
R2 -l. TO OSCILLATOR
:I:1OUF 71

Fig. 3.3 Circuit Diagram of automatic voltage regulator

The voltage regulator shown above is known as the close loop feed back
automatic voltage regulator, its main component is the C9013 general purpose transistor.
The input to the Network is from a full wave rectifier connected to the drains of the
power MOSFETS (IRFP150) at the primary of inverter’s transformer to monitor voliage
variations. Transistor TR2 is called the series pass transistor and serves as the control
device while the Zemer diode produces the reference voltage. TR2 is the error amplifier.
The 1KQ resistor is the load resistor for TR2 and R1 and R2 form a voltage divider for

the output voltage and provide feedback to TR1. ‘The emitter voltage of TR1 is Zerner
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regulated and its base voltage is proportional to output voltage from TR2. This allows
TR1 to amplify any error between reference and output.

When load at the output of the inverter demands more current, causing a decrease
in output voltage. The voltage divider sends less voltage to the base of TR1. TR1
responds by conducting less current, and voltage will drop across R3 (1K€Q). The base
voltage of TR2 goes up and TR2 is tumed on harder, which increases output voltage to
oscillator and therefore the general output. The reverse happens when there is an increase
in output voltage [4].

o  Maximum Output from AVR
Voltage at the base of the error amplifier is found first:
VB (TR1)= V2+0.7 = 31V+ 07V
=38

Vo 1s determined by the voltage divider and VB (TR1)

VBUIR )=V, x—2
R+E,

10
10+10

38=V ,x

Vour=2x3.8=7.6V
with V. known the base voltage of series transistor can be determined by adding 0.7
VB(TR2) = Vour + 0.7=7.6 + 0.7 =8.3V
To get voltage drop across R1
VRi1=Vm- VB (TRy)
=12V -8.3V =3.7Volts

Ohms law gives current in R;

Ry 1KQ
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3.2 THE OSCILLATOR

32.1 The CD4069UB
The oscillations from this current is obtained through the CD4069UB IC, which is

a 14 dual in line plastic package, consisting of six CMOS inverter circuits (NOT gates). It

has a supply voltage range of 3 volts minimum and 18V maximum at a full package

temperature of -55°C to +125°C, medium speed of operation of tpLH = 30ns at 10V.

Maximum input current of 1 NA at 18V.

The CD4069UB was selected for this project for the following reasons:

1. Exiremely low static (non-switching) power consumption of CMOS makes it ideal
for battery and battery back up systems in which current drain in the battery is a
major consideration.

2. Better noise immunity than TTL devices.

3. Lower power consumption at higher frequencies.

1 2 3 4 5 6
'._.Do__' I__DO_J 1_.DO_J VDD = 14

Vss =7 (GRD)
8 9 10 11 12 13

Fig. 3.4 Diagram of CD4069 showing pin configurations

ICa ICb ICc
TO DRIVER

=3
N

iCd

¢1 __3{>°4_
~2 2uF TO DRIVER

Fig 3.5 Internal structure of CD4069UB
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3.2.2, Working Principle

Oscillator circuit was shown as drawn above for easier explanation. When the
circuit is switched on, the 2.2uF capacitor charges up and during this period the output of
ICb is higher and therefore the final output through ICc is low and ICd is high. The 2.2pF
capacitor charges up to supply voltage. When capacitor is fully charged and then begins
to discharge, the input to ICa is low and final output at ICc is high while output of ICd is
low. The frequency at which this occurs is determined by the 2.2uF, 2KQ variable
resistor and 2.2KQ resistor. The cycle of charging and discharging which is the frequency
is determined by the formula below:

1

/= 22xCxR

Minimum frequency:

1

1= GaxcxR)

1

S = S 2R ax10° x4 2X10°

=49.2Hz

Maximum frequency

1
22x22x109x22x10°

f=

1
10.648x107°

= 93.9Hz
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3.3 BUFFER/DRIVER
The buffer or driver region is made up of two Bi-polar junction transistors which
are C9013 and C9012 which are NPN and PNP transistors respectively. Their basic

characteristics or voltage/current profile are given below.

Table 3.0 Specifications for C9012 and C9013 transistors

IC (mA) Pd (mW) | Vce(max) | Vb(max) |Hfe
C9012 500 625 (20V) 40V 120
C9013 500 625 (20V) 40V 120

hg, = B — This is ratio of dc collector current to dc base current
B=IC/IB

Ve — Collect emitter voltage

V- base voltage

The symbols of the two transistors are shown below

emitter
le collector
base base
|
B emitter
collector
le Fig 3.6 Transistor symbols
12v
Connected C9013
to Oscillator B
100Q
C9012
= Grd

Fig. 3.7 Driver circuit
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The setup of the driver above is known as class B push pull amplifier, which
requires two power transistors of the same type with closely matched parameter. But the
chief requirement of a complementary pair as the set up above is also known as is a pair
of closely matched but oppositely doped power transistors. The term complementary
arises from the fact that one transistor is PNP type (C9012) and the other is NPN type
(C9013). They have symmetry and both are made with the same material and have the
same maximum rating.

With no input signal, neither transistors conducts and therefore current through B
is Zero. When input signal is positive going the C9013 is biased and goes into conduction
and when input signal is negative going C9013 is tumed off and C9012 conducts. The
circuit possesses the essential characteristics of an emitter follower i.e. unity voltage gain,
no phase inversion and input impedance much higher than output impedance. The buffer
serves as a link between the oscillator and the Power MOSFETS, since the oscillator
cannot directly turn on the Power MOSFETS for switching to take place. The drivers with
small gate resistors are needed to overcome capacitive loading since the MOSFETS must
be turned on fully in something less than a micro-second [6].

Since voltage drop along the transistors is 0.7, then voltage along MOSFETs
IRFP150, which is the load in this case is V=6 - 0.7 = 5.3V.

3.4 MOSFET SWITCHES

Field effort transistors (FET) are grouped into three major categories. The first
two categories are both types of metal oxides semi-conductors field effect transistors or
MOSFETs. The third category is the junction field effect transistor (JFET). The
IRFP150N MOSFET used in this project belongs to the enhancement mode MOSFET. As

the name indicates, this MOSFET operates only in enhancement mode and has no

15



depletion mode. It works with large positive gate voltage only. It differs in construction
from Depletion mode in that structurally there exists no channel between the drain and
source. Hence it does not conduct when VGS = 0, that is why it is called a normally OFF
MOSFET [7].
The IRFP150N is a power MOSFET with specifications:

Vps (max) = 100V

Ip (max) =42A

Pp (max) = 250W

Vst =2V to 4V

K=2.383
Drain
i D 'y
o)
Gate |___
P +10V
G substrate l "_‘_ 1)
N ] I,__J T +5V
% r VesTH
Source >
—_ VDS
Fig.3.8 Structure of N-channel  Fig. 3.9 Symbol of enhancement Fig. 3.10 VI Characteristics
MOSFET MOSFET of MOSFET

When a positive voltage is applied to the gate of the N-channel MOSFET, the
electrons in the N-Channel of the source and drain are attracted to the gate and go into the
P-channel semi-conductor in between the source and drain. The movement of these
elecirons forms a bridge or thin layer of free electrons which stretches all the way from
source to drain through which electrons flow. The size of this layer or bridge is

determined by voltage applied to the gate. The gate is isolated electrically from the source

16



by a layer of silicon oxide. Theoretically, no current flows into the gate when direct
current voltage is applied to it. However in order to turn on a MOSFET, a gate to source
voltage (Vgs) which should be greater than the minimum gate source voltage (Vgstn)
known as threshold voltage, needed to deliver sufficient current to charge the input
capacitance in desired time is applied. Tum off is achieved by reducing gate voltage
below threshold voltage level.
When Vgs < Vgsmy, In=0
Drain current starts only when Vgs > Vst
For a given VOS (Drain voltage) the value of ID is given by:

ID =K (Vas— Vosti')
Where K is a constant which depends on the particular MOSFET.

Therefore, in order to meet the 300 Watts requirement, 4 identical devices i.e.
IRFP150N are connected as two pairs and in parallel and each pair is connected to one
end of the primary of the transformer as shown in the diagrams below (Fig. 4 & 5).

Each pair of MOSFETs supplies current to the transformer at different periods of
oscillation supplied by the driver circuit. When input into T7 and T8 from buffer or driver
circuit is high and the input to T9 and T10 is low, T7 and T8 are in the ON condition
while T9 and T10 are in OFF condition. Therefore electric current flows in the direction

AB of the primary of the transformer.

17



T, +12V1
from
buffer 1
A
B "E 220V
— M,
C
from
buffer 2

Fig. 3.11 Circuit diagram of MOSFET switches

In the second period of oscillation T9 and T10 are ON while T7 and T8 are OFF,
therefore current flows in the direction CB of the primary side of the transformer.
Therefore by switching the pair of MOSFETs ON altematively current is made to flow in
the first half of the primary of the transformer and then in the other, producing an
alternating magnetic flux in the transformers core. As a result a corresponding AC voltage
(220V) is induced in the transformers secondary winding, with switching frequency
determined by the frequency of the oscillator [9].

The IRFP150N was used as power switch for the following reasons:
(@ Longlife
(b) Ruggedness
(c) High Frequency response

(d) Switching time can be easily controlled

18



(e Low noise
(f)  High power

3.5 THE RECTIFIER

The rectifier is made up of 1N4001 diodes with the following parameters:
Maximum recurrent peak reverse voltage (Vrrm) = 50V
Maximum RMS voltage (Vrms) =35V
Maximum DC blocking voltage (Vpc) = S0V
Maximum average forward rectified current = 1.0A
The rectifier is connected to the Drains of the MOSFETSs (IRFP150N) to convert
alternating current voltage to direct current (DC) voltage and therefore monitor variations

in output voltage.
TO DRAIN OF FIRST BANK OF MOSFETS

IN4001
OUTPUT

IN40O1 REGULATOR

TO DRAIN OF SECOND BANK OF MOSFETS

Fig. 3.12 Rectifier

3.6 THE TRANSFORMER

The transformer is used to change the voltage profile of the inverter from 12V to
220V A.C. i.e. itis a step up transformer. The output of the inverter is gotten across the
transformer’s secondary terminals. The transformer is a 12 volts centre tapped

transformer with the transformer’s primary rating, it implies that the maximum power that
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can be handled by the transformer is (12 x 25 )W = 300 and assuming that the transformer
has 100% efficiency, the maximum power that can be gotten from the secondary
windings will be300watts although the practical value will be less, due to various losses

in transformer, such as copper loss, eddy current losses.

+12v

Primary side o transformer

§ Secondary side of
transformer

Fig. 3.13 Symbol of transformer

For the transformer windings the voltage per turn was chosen to be 2.

Therefore for the primary turns

N
Volt per tumm = —&
VP

Where Vp = Primary voltage = 12V
Np = Primary turns

Volt per turn =2

~Np=220x2

= 440 turns

For secondary turns

Volt per turn = %s_

N
Where Vs = Secondary voltage = 12

N, = Secondary turns = ?

20



Volt per turns = 2V

SN =12X2=24 turns

Primary power = Secondary power
IpVp = Vsls

Where Ip and Is are the primary and secondary current respectively.

butIs = 1.363

I __220
1.363 12

1,=20_254
12

Power P=1V

Power =220 x 1.363 =299.86 = 300W.
True power or actual power i.e. actual power dissipated in circuit
P=1IVcos 6
Where cos 0= 0.8

P =300 x 0.8 = 240 watts

e Qutput power:
Since the transformer is centre tapped, the output power is half the maximum
power of MOSFET Bank since there are two MOSFETS in each bank which each having
maximum power of 250W.

The total maximum output power that will be 2 x 250W = 500W.
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3.7 THE SWITCH OVER SYSTEM

To switch over from mains supply to the inverter supply, when there is no supply
from mains and vice-versa, the inverter uses a relay. A relay is an electromagnetic device
operated by varying the input, which in turn is used to control other devices connected to
its output. It forms the simplest form of automatic switching in electrical circuits.
The relay employed in the circuit is a 220V relay. The diagram and mode of operation of

the relay is given below:

From __5[__

Transformer
T2
OUTPUT

Mains NC
Supply 7

~—————————e NO

8

. NC
From _—9\__ To inverter

Battery _1'; NO circuit

Fig. 3.14 Diagram of relay setup

When there is no voltage supply from mains Pin 9 (normally closed) supplies
12Volis DC from battery to the inverter circuitry and output (AC) is received from Pin 1
and 3 which are normally closed contacts. But as soon as mains power is restored electric
current passes through the coil of the relay and this current causes the NC (normally
closed) contacts to be attracted to the NO (Normally open) contacts this causes supply

from battery to be isolated from the circuit while alternating voltage from mains is
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received at the output through pin 2 and 4 which are Normally open contacts (NO), at the
same time this contacts are connected to the battery charging circuit and begin charging
the battery. But when power from mains goes off the relay losses its magnetism and starts
to supply voltage from the battery.

3.8 REVERSE POLARITY PROTECTION

A power diode 1N5042 is connected to the positive battery lead to protect the
inverter circuit from damage, if the connectors to the battery are accidentally reversed.
This means that when battery leads are connected with the correct polarity the diode is
reverse biased and remains dormant. But if the battery connectors are accidentally

reversed the diode is forward biased and conducts, decoupling voltage to earth.

1N5042

Fig. 3.15 Reverse Polarity protection unit

3.9 BATTERY

The duration for the effectiveness of a battery depends on the size of the battery and the
load on the inverter. To determine how long a load can run specific calculations can be
done to determine the proper battery bank size.

These are a few basic formulae and estimation rules used:

Formula 1; Power in watts (W) = Voltage in volis (V) x current (A)

Formula 2: For an inverter running from a 12V battery system the DC current required
from the 12V baitery system the DC current required from the 12V battery is the AC

power delivered by the inverter to load in Watts (W) divided by 20.
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Since as a benchmark the battery industry rates batteries at 20 hour rate i.e. how many
amperes of current battery can deliver for 20 hours at 80°F till voltage drops to 10.5 for
12V battery, though this is not obtainable due to some factors.

Formula 3: Energy required from battery = Document to be delivered (A) x time in hours
H)

Applying the above formulas to the inverter circuit we have

For Formula 1: P =1V =200 x 1.363 =299.86 = 300Watts

For Formula 2: DC Current to be delivered by 12V battery = 300/20 = 15 Amperes

For Formula 3: Energy required by load in Ampere Hours (AH) is determined. For
example if load is to operate for 3 hours then formula 3 gives

Energy to be delivered by battery = 15 amperes x 3 hours = 45 ampere Hours (AH)

But capacity of battery is determined based on runtime and usable capacity. And usable
capacity at 3 hours discharge rate is 60%. Hence actual capacity to deliver 45 AH will be:
45/0.6 = TSAH.

Finally actual desired rated capacity of batteries is determined based on the fact that 80%
of capacity will be available with respect to rated capacity due to non-availability of
optimum operating and charging conditions so final requirements:

75AH/0.8 = 93.75AH

3.10 THE CHARGING SYSTEM

3.10.1 Description of components:
The transformer:

The transformer used in the charging unit is a step down transformer of 220V to
15V at 3000mA. The transformer rating was chosen, though the charger can operate on

12Volts, to meet up for copper losses and eddy currents loses and voltage drops.
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The transformer is a static piece of apparatus by means of which electric power in one
circuit is transformed to electric power of the same frequency in another circuit. The basis
of the transformer is mutual induction between two circuits linked by a common magnetic
flux [7].

The Rectifier:

The rectifier used in the charge circuit is a full ware bridge rectifier, it is
embedded in a four terminal case. It was chosen, because it was observed that
components packaged in casings are more durable than when they are used as single
components. A rectifier 1s just a circuit that employs one or more diodes to converts ac

(alternating current) / voltage into pulsating dc (direct current)/voltage [7].

D1 2
D4 D3
Fig. 3.16 Rectifier Circuit Fig. 3.17 Output Waveform of rectifier

Capacitor:

The capacitor in the charging unit helps reduce ripple magnitude. The capacitor
used in the charger circuit is a 22000uF, 25V capacitor.
Light —emitting diode (LED):

Light emitting diodes are forward biased PN junction diodes that emit visible light
when energized by voltage and current. The LEDs used in the charger circuit are used to

indicate when charge is ON and when battery voltage is low.
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Fig. 3.18 Light-emitting diode
Zerner Diode:

The simplest and commonest voltage regulator in use is the Zerner diode. The
Zemmer diode used in the charging circuit are 3.38 Zemer diodes and 3.26 Zerner diode. It
is used in the circuit to fix a reference voltage to the comparison purpose.

The LM339 Comparator:

The LM 339 is 14 lead dual in line plastic package, it is a quad comparator
containing four independent voltage comparator circuits connected to external pins as
shown in Fig 3.19 below. The LM339 has the following specifications:

Power supply voltage = +36V or 18V

Max input offset voltage =+5.0V

Input offset current = +50

Input common mode voltage range = -1.5V

%/

INPUT 175 ¥ 2
INPUT 1" 4 y

INPUT 2" 7 1
INPUT 2 6 )y

INPUT 3" 9 + 14
INPUT3 8 '

INPUT 4" 11 ¥ 13
INPUT 4" 10

Fig. 3.19 LM 339 showing pin configurations



Each comparator has inverting and non-inverting inputs and a single output. The
figure below describes how the comparator can be used. It shows one of the LM339
comparator circuits connected as a zero crossing detector. Whenever the input signals
goes below 0V, the output swiiches to V* the output switches to V, only when the input
goes below OV. A reference level other than 0 volts can also be used, and either input
terminal can be used as the reference, then the other terminal then being connected to the
input signal.

If the negative input is set at reference level, V., the positive input goes above

Vrer and results in a positive differential input with output with output

V1 e TN

Vref

Fig. 3.20 Zero crossing detector

driven to the open circuit state. When the non inverting input goes below Vref, resulting
in a negative differential input, the output will be drivento V',
The 2N222 Transistor:
The 2N222 transistor is used in the circuit to switch on the relay, it has the
following specifications.
Ic(mA) : 800mA
Py (mW) : 500mW

Vee max: 40V
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Vp max : 75V
hg: 100 - 300
2N222 is a Bipolar junction transistor.
Relay:
The relay used in the charger circuit is a 12V DC 10A relay. The relay is used to make

contact for charging to proceed.

3.11 MODE OF OPERATION OF CHARGING UNIT

The mode of operation of the charging circuit is such that a battery voltage below
12 volts the inverting input of IC2 becomes lower than the non-inverting input with this
condition the output of IC2 goes high and the transistor TR11 is turned on and energizes
the relay and charging of the battery commences.

As soon as the battery voltage level rises to about 15V the inverting input of IC2
becomes higher than that of the non-inverting input. The output goes low and charging
stops.

IC3 gives a visible signal with the aid of LED?2 for battery voltage condition or
level. When battery voltage level is above 10 volts the inverting input is higher than the
non-inverting input of IC3, therefore the output of IC3 will be low and the LED3 will be
off. But as soon as the battery voltage falls below 10 volts the inverting input becomes
lower than the non-inverting input and the output this goes high and LED2 glows
indicating that battery is low.

3.11.1 POWER SUPPLY UNIT

The power supply unit is made up of the 240V AC/15AC at 3000mA step down

transformer, the rectifier and the 220uF capacitor. This section or unit supplies the

charging circuit with necessary voltage for operation. While the rectifier converts
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T

2200uF

i

Fig. 3.21 Power Supply Unit

the output alternating current (AC) voltage from the transformer T2 secondary to a
pulsating DC (Direct current) voltage the 2200uF capacitor filters the ripple voltage from
the rectifier output.

The maximum expected voltage at the secondary turns of transformer T2 is given

Vinax = Vems. X V2
Where V,ms. = 15V
S Vmax = 152 = 2121V
DC voltage after rectification is given as
Vie = 2V o/ TT
=2X212/3142=13.5V
For capacitor voltage, Vc rating must be greater than V; m, X V2

Where Vr.m.s. =15V

. Vmax = 152 =21.21
DC voltage after rectification is given as

_2x21.2
3.142

=13.5V

For capacitor voltage, V¢ rating must be greater than V, n, X +/2 where Vi s = 15V
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~Ve> 1542

Ve >21.2V

.. V¢ Value of 25V was chosen

For capacitance rating of C; (filtering capacitor)

Vm
2/R

Where AV = Peak to peak ripple voltage; and if ripple voltage of 15V is to be tolerated

AV =

f = frequency
R=8Q
Vm=21.21

¥

m

2/RA

_ 21.21
2x50x8x13

=2,039uF
Therefore a capacitance value of 2220uF was chosen.
3.11.2 CHARGER ON INDICATOR
This unit indicates when the power is supplied to the charger. It is made up of a

resistor and a LED (LED?2).

X

R7

Fig. 3.22 Indicator
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For limiting resistor R,

Vcc "VD
I D

R=

Vee =15V
Vp = diode voltage (LED) =2V
Ip = Light emitting diode current = 13mA

# R=2222 = 10000 = 1KQ
13mA

3.11.3 VOLTAGE COMPARATORS

For charging to be possible, there is a need to compare voltages, so that when
voltages go beyond a preset value or below the preset value a particular voltage is given
out. For the charging, when voltage drops below 15V charging commences while for the
battery low indicator when battery voltage drops below 10V the LED is supplied with
voltage and glows. This is made possible by iwo Opamps embedded within the LM339IC

For charging IC2 (Opamp):

e

1 {l B/F To Battery
10KQ 4.7KQ

IC2 2N222

5K.()§.'¥_r - 3000

B s d_

Fig. 3.23 Charging Circuit

The charging process stops when battery voltage is at 15V. A Zerner diode Z2 of

3.38V was used as the reference voliage and the voltage divider network of RT and VR3
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was set to 3.38V, such that above the voltage the output of the op-amp (i.e. IC2) goes low
therefore charging stops.

The variable resistor, VR3 was set thus

_ 15xR,
10+5K

Where Vs =3.38V

15R,
15K

338=

50700 = 15R;

RB = 33800Q

The 5K variable resistor was then set thus

RA T 16200

4———-
l 3380Q

<

RB

Fig. 3.24 Setting resistance value of variable resistor

Such that the voltage across RB is 3.38V at battery voltage of 15V.
Resistor R9 was chosen to properly voltage bias the 3.38V Zemer diode.
Let current through Z2 be 2.13mA

RO= R=_73 _46948~47K
2.13mA

5V reference was chosen in the above calculation because a Zemer diode requires a

voltage higher than its rated value to function properly. When the output from the IC2 is
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high it switches transistor TR11 ON and the relay is therefore energized and 15V
charging voltage is supplied to the output of the charger.

For the low battery indicator, a 3.26V Zemer diode was chosen such that at a
battery level of 10V the indicator illuminates to indicate low voltage from battery. The

variable resistor VR4 was set thus.

10X R,

V =

" 15KQ

3.26 = LXK,
15KQ

R11= 18900
10

R11 = 4890Q

The SKQ variable resistor was set thus:

R T 1100

q—-———_—
‘l 4890Q

Fig. 3.25 Setting resistance of variable resistor for low battery indicator

Such that the voltage across R11 is 3.26V at a battery voltage of 10V
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1KQ

5K

Z3

Fig. 3.26 Low battery indicator
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CHAPTER FOUR

TESTS, RESULTS AND DISCUSSION OF RESULTS
4.1 TEST

Each of the constituent units of the device was simulated one after the other and
then finally soldered one after the other to the vero board with a soldering iron. Short
circuit and open circuit test was carried out to protect the components from damage.

The oscillator stage output and inverter output were tested with a multimeter and
values obtained recorded. At construction stage, the output of oscillator was connected to
a speaker and oscillations were verified from sounds heard. Effects of load on battery
voltage was observed on a multimeter and recorded. Also rate of charging of charging
unit was observed and recorded.

4.2 RESULTS

The following results were obtained from the test carried out on the inverter.
Output voltage from inverter = 220V
Qutput voltage from oscillator = 6.3V
Output voltage from charger = 15V
Output current from charger = 1.08A

Output current from inverter = 1.3A
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Table 4.1: Rate of charge of battery voltage level on 20W load (bulb)

t/min | Battery Voltage | Inverter Output | AV
Voltage

0 16.8 220V 0.52
2 11.53 220V 0.15
4 11.38 220V 0.15
6 11.16 220V 0.22
8 10.95 220V 0.52
10 10.74 220V 0.15
12 1047 220V 0.22

Initial battery voltage = 12.20V

Battery capacity = 7.2Ah

Table 4.2: Charging rate of battery charger

t/min ViV AV

0 11.86 0.09
2 11.95 0.09
4 11.97 0.02
6 12.00 0.03
8 12.05 0.05
10 12.08 -0.03
12 12.08 -0.00
14 12.07 -0.01
16 12.05 -0.02
18 12.04 0.01
20 12.05 0.02

Initial battery voltage = 11.77V
A.C. Voltage = 218V
Charging voltage = 14.27V

Battery voltage after charging = 11.95V
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Frequency of oscillation was found to vary between 42.6Hz minimum and 76.6Hz

maximum.
4.3 DISCUSSION OF RESULTS

Results obtained from Table 4.1 for battery level load was connected to inverter
in operation, show that for a drop in battery voltage level from 16.8V to 10.47V output
remained constant, this verifies the effectiveness of the automatic voltage regulator.

Also the rate of voltage drop is high, this means that inverter consumed a lot of
energy on load. Loads with higher power caused a drop in voltage e.2.220v to 200v on a
100 watt bulb, this means that voltage regulation did not cover all values of power for

load and MOSFETS did not dissipate enough power.
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CHAPTER FIVE

5.1 CONCLUSION

The design and construction of the 300VA DC to AC inverter was presented in the
previous chapters. The device was able to convert 12 volts Direct current (DC) from a
battery to 220 Volts alternating current (AC). Switchover from mains supply to inverter
supply and vice-versa was possible. A charging voltage of 15V was obtained from
charging unit output, though charging current was low. Also voltage regulation for some
high power load within the 300VA capacity was not efficient, with subsequent drain in
battery power supply. A larger capacity battery was found to give longer duration of

supply from inverter.
52 RECOMMENDATIONS

Rapid and dynamic advancements in the electronics field makes it possible for
modification and improvements to be made on any electronic device and the DC to AC
inverter is not an exception. It is for this reason that the following recommendations for
improvement on this particular design are made:

(i) The driver/buffer circuit and the automatic voltage regulator could be simply
replaced by ICs to reduce complexity and increase efficiency.

(ii)  The cords for connection to battery can be replaced by a terminal for
connection of battery to reduce risk of a short circuit.

(iii)  The department should incorporate the design and construction of inverters as
part of the practical Programme, because of its application in various fields in
the future, for example the electric car.

(iv)  Power MOSFET with more power dissipation can be used in order to maintain

a regular power output when device carries more load.

38



JTR4

| L

3

AA

TR7

-—

f

OUTPUT




R; = 10kQ
Rz = 1k2

Rz = 100KQ
Ry =2.2KQ
Rs =4.7KQ
Rs = 100Q2
R; =100Q
Rg=1KQ

Rg = 10KQ
Ryo=4.7KQ
Ry = 300KQ
Riz = 10KQ
Ri3=4.7KQ
Ris=1KQ
IC, = CD4065UB
IC, = LM339
IC; =LM339
VR; = 10KQ
VR, =2KQ

VRa=35K

VR4 =5K

Values of Components

Ci = 10puF
C2=22pF

C3 =2,200uF
TR; = C9013
TR, = C9013
TR3 = €9013
TR4 = C9012
TRs = 9013
TRs = C9012
TR, = IRFP150N
TRs = IRFP150N
TRo = IRFP150N
TRio = IRFP150N
TR1; =2N222

D5 = 1N5402

DI:D2=D3=D4=D5=D7=D83D9=1N4001

40



(1]

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

(11]

REFERENCES

http://www.hobby-elect/e_ckt3.htm

httpﬁ//www.national.com

http://www.dutchsolar.comm/download/inverters/philips.pdf

C. A. Schuler, Electronics Principles and Applications, 5th ed. Genco McGraw Hill pg.
414-415.

C. O. Brooks; Microelectronics: Devices and applications, National education co-
operation, pg. 9

Paul Horowitz and Winfield Hill Art of electronics 2nd edition, Cambridge University
Press pp. 92, pp. 168

B. L. Theraja and A. K. Theraja; Electrical Technology, Chand & Company Ltd. RAM.
Nagar, New Delhi, 2002 pp.1730, pp.1909 — 1912.

Giorgio Rizzoni 4th ed. Principles and Applications of Electrical Engineering McGraw
Hill Companies pp 554.

http://www _jaycar.com.au/images/inverter

http://www.rvtech.com.aw/index

Y. A. Adediran, Applied Electricity, Finom Associates, Minna Nigeria 2000, pp. 150.

41



