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ABSTRACT

Power failure or outage in general not promote development to public and private sector.
The investors do not feel secure to come into a country with constant or frequent power
failure. These limit the development of industries. In addition there are processes that
cannot be interrupted because of their importance, for instance surgery operation in
hospitals, transfer of money between banks and lots more. This paper presents the design
and construction of a single phase automatic power change over switch that switches power
supply from public mains supply to generator with rating of 7KVA once there is a failure
from the mains and it does this automatically. It comprises of four units namely: power
supply unit, battery —charging unit, controlling unit and switching unit. All these units work

together to ensure constant power supply.
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL INTRODUCTION

Power failure or outage in general does not promote development to public and private
sector. It is no longer news that electricity provides a means of satisfying the widest
spectrum of human needs through its uses as labor saving devices in medicine, agriculture,
engineering and industry for comfortability, improve standard of living and home

preservation.

In addition, investors do not feel secure to come into a country with constant or frequent
power failure. These limit the development of industries. On the strength of this, power
supply can be claimed to be a measure of standard of living. In developed countries, it is
constant and has held them to a higher standard of living by placing a limit on their power
failure at odd time. On the contrary, developing countries like Nigeria face problem of
power generation, transmission and distribution, perhaps because of mismanagement on the
part of the leaders and lack of commitment by distrustful followers. This has contributed, to
a great extent, to the socio-economic and financial losses. Tp solve the problem of this
power failure resulted in finding means of constant power supply by generating companies

(GENCO) and distributing companies (DISCO).

Long before now switching was carried out manually to strike a balance between constant
power supply and power outages. As the years gone by, the problem associated with this
method of switching gave rise to the need for designing of a switch which would be capable
of automatically switching the circuit from the mains (PHCN) lines to generator sets when

there is a power failure. In the light of these problems, this project aims at DESIGN AND



CONSTRUCTION OF A SINGLE PHASE AUTOMATIC POWER CHANGE OVER

SWITCH.

It helps a lot in places like industries, hospitals, large companies, homes, economic and

financial institutions and government establishments.

The Encarta 2009 defines the terms automatic, change-over and switch .Automatic is
defined as started, operated or regulated by a process or mechanism without human
intervention. Change-over to replace one system, method or product with another. Switch a
mechanical or electronic device that opens, closes or changes the connections in the
electrical circuit [S]. By paraphrasing an automatic change —over switch is that electrical
devise that changes from a system or n;ethod of working of a generation company to that of
an auxiliary power supply to ensure constant power supply in the process of change or

development without human influence.

It consists of a step down transformer, bridge rectifier, voltage monitoring, an automatic
push switch circuit, a relay; mains operated battery charger, a micro controller and LED

indicators, Analog-to-Digital converter.

This project work is fully dependent on the operations of the relays. As such the energy
supply from the mains is used for their operation. Consequent upon the mains supply, a
change-over from generator supply line to generator line takes place immediately the supply
goes off. The output in this case, is the supply from the generator. Which involves digitizing
and the operation of a voltage monitoring unit is designed for the purpose of monitoring the
generator to ensure that it start within the specified time. An analog-to-digital converter is

used to achieve the monitoring.



The transfer switch continually monitors the incoming utility power. Any anomaly such as
voltage sags, spikes or surges will cause the internal circuitry to command a generator when
additional switch circuitry determines.the generator has the proper voltage and frequency
wilen utility power returns or no anomalies havg occurred for a set time/the transfer switch
will then transfer back to utility power and command the generator to turn off, after another

specified amount of cool down time with on load on the generator. :

This project work is capable of checking for both under voltage and overvoltage with active
display. When the supply from the mains is less than 140V, it will automatically switch over
to generator that is the load will be connected to the generator. Also when the supply from
the mains is 270V it will also disconnect the load from the mains and automatically trigger

the generator to avoid damage of the appliances.

The LEDs indicator displays “green” when the load is connected to the mains, displays
orange” when the load is connected to generator and displays “red” when the mains fails

and generator fails to start due to technical fault.
1.2 AIMS AND OBJECTIVES

The aims and objectives of this project are to design and construct an electronic device

using microcontroller that is capable of carrying out the following functions.

1. To sense the failure from the mains.

2. To initiate the generator solenoid to start the generator.

3. To ignite the generator.

4. To sense the restoration of the mains after failure.

5 To direct the circuit from the generator to the mains (PHCN) again.

6. To stop the generator after the mains has been loaded.

3



7. To monitor the voltage to avoid over and under voltage to protect the load from damage.

1.3 SCOPE AND LIMITATIONS

The project focus on the construction ol a device that automatically switches to an auxiliary
power supply immediately the supply from PIICN is not available. The load remains
connected to the auxiliary supply as fong as the auxiliary supply is in good condition and it
awitches back once the AC mains are restored. It is designed for domestic. industrial and

commerctial use.

Although there exist two-phase automatic change-over switch as well as well as three-phase,

but a single-phase automatic change-over switch is that within my capability.

This project is a modification of already existing work. the modification include over and
under voltage monitor and an LEED indicating the various sources of power and error

imndicator in case the auxiliary power fails to start or the AC mains outage.



CHAPTERTWO

2.1 LlTERATURE REVIEW.

A switch is a mechanical or electrical devise that opens, closes or changes the connections
in the electrical circuit to withstand excess current. It does not however provide protection
against excess current as fuses and circuit breakers do. This implies that the period of
operation and breaking of excess current flow of fuses and circuit breakers must be such that

the switch in the circuit in which it operates must be able to withstand the excess current[6].

Over the years, the power change-over switch has widely used for both domestic and
industrial purpose. Before the introduction of the electro-mechanical devise known as power
change-over switch, there had been other local means of changing the phase from the mains
(PHCN) to generator set whenever there is power failure. This was of course very cheap and

simple.

Dated back late 1800s, the use of a knife switch was imprecise for starting and stopping of
motors when they were first introduced for industrial uses. For some reasons, a knife switch
remained, undoubtedly, a famous means of connecting and disconnecting line voltage

directly to motor terminals.

First, the open knife switch is known to have exposed parts which presented fatal electrical
hazard to operators. Secondly the inability of operator to quickly open or close the switch,
eventually, results in rapids wear and outright replacement owing to arcing and pitting of the
contacts. Thirdly, the material from which they were made also contributed to their
problems. Specifically, most knife switches were made of soft copper which demanded

replacement after continuous arcing, heat generation and mechanical fatigue.



There arouse the need to improve on the acceptability of the knife switch as controller

because of the demand for more electric motors at the end of the century.

First, there was provision to protect the switch and the operator using a steel case and in
insulated external handle respectively. Second, since the speed of opening and closing the
contacts was determined solely by the operator, an operating spring is attached to the handle
of the enclosure to assure quick opening and closing of the knife blade. Third, the
introduction of double-break contacts necessitated the discontinued use of the knife blade as

a controller.

Unlike single-break contacts, a devise could be designed to have higher current rating using
double-break contacts. Example of such devise is the manual contactor. When No (normally
open) double-break contacts are energized, the movable contacts are forced against the two
stationary contacts to ensure the completion of electrical circuit. Practically, this movable
contact is in the form of a shorting bar between the two stationary contacts. What follows
the re-energization of the manual contact is the opening of the circuit when the movable
contacts. With the NC (normally close) double-break contacts, the above procedure is

reversed. [7].

Following the advent of the industrial revolution, many manually done jobs were replaced
by some automatically controlled devices. This ensured standard, security, safety and

durability.

David parkinson, a 29 years old engineer at Bells laboratories was busy in 1940 designing
an automatic line recorder which used which used the position of the recorder pen.
Parkinson conceived in a dream the scheme of using the feedback potentiometer to aim

antiaircraft guns.[6]



Invented early before 1868 was automatic control systems intuitively. Because there was no
real understanding of the word automatic to increase the accuracy of control systems is to
slowly attenuate transient oscillations. In 1868, concerned with systems performance, J.C
Maxwell propounded a mathematical theory regarding control systems by using a

differential equation model of a governor.[6].

Automatic transfer switches continually monitor the incoming utility power. Any anomaly
such as voltage sags, brownouts, spii«:s or surges will cause the internal circuitry to
command a generator to start and will then transfer to the generator when additional switch
circuitry determines the generator has the proper voltage and frequency when utility power
returns or no anomalies have occurred for a set time, the transfer switch will then transfer
back to utility power and command the generator to turn off, after another specified amount

of cool down time with on load on the generator.
2.2 THEORETICAL BACKGROUND OF THE PROJECT

The operational principles to be considered here are those operations of a regulated power
supply unit, a zero crossing detector unit, controlling unit and the relay or switching unit.

The block diagram of figure 2.1 illustrates the principle

Power Zero crossing Voitage

Controllin ;
supply unit P1 detector unit » B Relay unit

regulator unit

v

Fig 2.2.1 Block diagram illustrating the various operational units of the project
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2.2.1 REGULATED POWER SUPPLY
An unregulated power supply can be converted into a regulated power supply by adding a

voltage regulating circuits, which consist of the following components. A step down

transformer, a rectifier, a filter (capacitor) and a voltage regulator.[2].

Step down Rectifier filter Voltage
transformer

regulator

ACIN DC OUTPUT

Fig2.2.2 Regulated power supply

The step down transformer is a power transformer used in solid state circuit. It transforms
electric power in one circuit into electrical power of the frequency in another circuit. It also
provides isolation from the supply line an important safety consideration. In this project

work, a step down transformer employed to step down the AC supply voltage from 240V ms
t0 15 Vims-

bridge rectifier was employed for the purpose.[Z]

capacitor.

g g

Yie . . “age regulatOY.
3 d positive linear VO

i loyed. lt1s 2 fixe

regulator is €mP
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2.2.2 ZERO CROSSING DETECTOR UNIT.

This units consist of a resistor, capacitor and a transistor. It is use to detect weather they is
PHCN or not. It is capable of detecting the availability and outage of PHCN. 1t generates an
output pulse every half cycle, if PHCN disappears the pulse disappears. It is connected to
pin 12 and 13 of the microcontroller. A program is written so that every time the pulse goes

Jow the microcontroller will be interrupted.
2.2.3 CONTROLLING UNIT

A r_nicrocontroller is used to coordinaté‘ the switching, voltage digitizing and failure outage
detector. A different kind of integrated circuit, a microcontroller, is a complete computer on
a chip, containing all of the elements of the basic microprocessor along with other

specialized functions.

The AT89CS1 is a low-powert, high-performance CMOS 8-bit microcomputer with 4K

bytes of Flash erasable and programmable read only memory (EPROM).
2.2.4 RELAY UNIT

A relay is a device that switches electronic circuits on or off, and then provides control. It
controls the operation of other devices in the same or other circuit. It consists of coil wound
around a soft iron corevand a movable armature. When current is passed through the coil, the
soft iron becomes magnetized and attracts the armature; the armature in turn closes the
switch contacts.[6].

The relay employed here is a DC type [6 V, 10A] relay. Basically, itis a mechanical switch
whose operation is determined by a magnetic coil. The magnetic coil can open of close the

contacts from mill volts to several hundred volts.



Y power generators gre used to back Up power from
the utility source.
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CHAPTER THREE

3.1 DESIGN AND IMPLEMENTATION

The single phase changeover switch system embodied the following subsystems:

1) Dual source power supply

2) 8-bit analog-to-digital converter

3) 8-bit 89C51 microcontroller

4) 256 bytes electrically erasable programmable memory (24C02)

5) Current-limited lead acid battery charger

6) Motor/stator control relays

7) >PHCN/GENERATOR selector relay.

3.1.1 DUAL SOURCE POWER SUPPLY

Due to the requirement for standalone operation a dual source system power supply was
utilized; i.e system power was derived from a battery (externally connected) and the

PHCN/GEN inputs. The power supply was combined as shown below.

D3 7 D4
oL |
D1 1N400%Le 520, | 1N40O1
To charger
b 70 2E10 CFOS °
g detector
9 u1
| D5 10 D6 LM7805KC i
N O B . +5
G > | ] &
T2 A 1N400LL- 500yr  1N4001 S S 2.2mF
I 13 I
GEN §|| 1J4B43 -

D7

From battery “"N““”‘
1N4001

Fig 3.1 Mains derived power supply/Battery supply.
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> Vs IS the Primary Voltage= |5 V and Vo is the S€condary
Voltage= 240v
240
K = E =16V
The 15v Secondary voltage wagq rectified

..............................................................

3.2
Where Ve is the Direct Current voltage and Vims is the root mean squgre Vvoltage
For a 240y Input, the rectified D Voltage assumeq g value of
15V2-1.4 = 19.7v
This Voltage wag Smoothened by Capacitanceg deduced from the €Xpression
=2 i 33
I Maximum Joaq Current
1V= Mmaximum allowaple peak-to-peak AC ripple voltage
= Capacitance
- (full wave O 34
F 2r
= frequency
* time

12



The peak-to-peak ripple voltage was determined by the minimum input voltage requied by
7805 device to susta{n a regulated output. From the device’s datasheet, a 2-volt overhead
was required to maintain a regulated 5-volt output, thus, the minimum input voltage is 7V.

ona 19.7V DC supply, this translates into a peak-to-peak ripple voltage of 19.7-7=12.7V.

The maximum load current was largely influenced by the changing current and the relay
currents. The changing current was fixed at 1.25A. The relay current was calculated based

on the coil voltage and the coil resistance.

The measured coil resistance was at a coil voltage of 12V

= Yeon __ 12 _
Therefore Relay current= oo = 150 80mA.... ... 35

Where Vi) = coil voltage
Reoit = resistance coil

The total relay current, therefore was 3X;1510 = 0.24A

Inserting the deduced parameter into the equation for the capacitance yielded

C= .24 _ 0.018899F
127

A value of 2200uF was used on both inputs for improved system performance.
3.1.2 8-BIT ANALOG-TO-DIGITAL CONVERTER

For the translation of analog DC voltage into a binary value, an ADC0804 device was
incorporated. The device was interposed between the attenuated replica of the PHCN supply

and the microcontroller. The ADC enabled the conversion of the main voltage to a digital

13
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Ik IS the clock frequency

Ryis resistance
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Cris Capacitance
1

Fek = 1.1x10%10219-2 = 910KH 2

conversion, the States of the AC mains (PHCN) js checked by reading the timeout flag

which js set by T1 overflowing,

AT59Cs1

[ —]RD P1.0
<L ADC

0804 P11
FROM —35 ¥
RECTIFIER P1.2

P1.3
[\- ¢
P14
P1s
P1s

WR cs P17
2 P30
P31

1

Fig3.13 CONTROLLER-TO-ADC INTERFACING
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1N4001

220uF
] 12
+
AC , _
BR1 S
—‘ ~; 13 6.8k0
2DuF
10pF 210k .}_
2N2)02
15
=
— P
1N4001 1N4001
2k
—— +
8k
GEN BR2 s v
S———— TOINTQ
- 33m
-4 Rl R 1 N —— TOINT 1
100nf
(]
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ectifier output

Output

FIG 3.5 ZzERO CROSSING WAVEFORM

D1 is biased on hard whep the rectif;

ed voltage is about 24V( the transformer stepdown

ratio js 16: 1), i.e a 240/] 5v Transfromer was used.

This value ig calculated ag shown below

generated. (Q, Swings the output pulses between OV and +5V pe

on the controller,

A similar scheme, byt without Q, . wae employcd on the generator input line wijl, ol
feeding INT). When the AC supply fails, the oulput pulses djsy

ppear. lnlcrnu”y. a4 counter
overflows signaling

supply voltage Joss,

Fhe 20D on the generator input was yaod M manitor penc, Sty for iy

1 fails o startup after the control software gocs through the startup sequenee.

314 ADC REFERENCE VOLTAGKE

fin COMVCTIer e supphicd wiih

0 ',.!7.:;';.'-,‘.”:‘,‘

retwork shown below,
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1N1202¢
1

D2
V- 1N1202c R2
2

D30k > .
50%, To Pin g
i '?\ ADC vref

D4
-~ 1N1202C
4

D5
V- 1N1202¢C

voltages as shown below.

1
4 D

—
PHCN hagor
S ) 1
GEN
i 1K4g07
e
EXT BATTERY "NetoT
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3.1.6 BATTERY CHARGER

) ) To 7805 P
_ regulator To relay
' Switches
12
PHCN
N‘ 8
1N5392
GEN o— 1N4467
+ 12V 10A
battery

Fig3.1.9 Current-Limited Pb-acid battery charger.

3.1.7 GENERATOR START-Up SUBSYSTEM

minimum,

1) A motor angd

2) A stator.

The two units, i.e motor and stator, are driven Separately from the +]2v battery supply.

A typical startup sequence consists of:

1) Applying 12VDC to the motor

20
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;

2) Delaying for a manufacturer specified time

3) Applying 12vDC to the stator

break the hecessary connections,

The switching subsystem is diagramised ip fig 3.7

12v
+5V LINE_IN(GE N)

LINE_IN(PHCN)
4K

4K

P25

Fig3.2.0 Switching subsystem

3.1.8 SYSTEM STATUS INDICATOR

To indicate the System state, three LEDs were used, viz
a) A

running;

b) A green LED indicating Joca] AC power selected,

21

red LED indicating ERROR condition, j.e AC power deselec
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CHAPTER F OUR
4.1 TESTS,RESULTS AND DISCUSSION,

4.2 lNTRODUCTlON

The electronjc Components used are a step-down transformer (240/15V), a gy bridge
rectifier, resistors, S5V voltage regulator, transistors, analog—to-digital Converter, 12MH7
crystal oscillator, a non-volatile memory, an Atme] 8951 microcontroller, Capacitors, LEDS,
IN400] and IN5392 diodes, 12V pc relays.

4.3 TEST

rectifier which then converts the AC voltage into DC form at the same voltage level of |5V
The DC voltage obtained was fed into a zero crossing detector circuit which detect weather

the PHCN is restored or not, it alsg generates an output pulse every hajf cycle. The output of



start when the mains fajjg,

4.4 RESULTS,
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4.6 PREVENTIVE MEASURES TAKEN

The indicator meters gave precise indication of the AC levels on both power inputs i.e. Jocal

supply of generator.

25
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CHAPTER Fy VE

5.1 CONCLUSION

mains, direct the circuit from the generator o mains, ang stop the generator. It is meang to
Provide constant power supply tq equipments mostly during Operations in places like
industries, cyber café, homes, hospitals, offices, business centers apgd government

establishments,
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