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ABSTRACT

Power failure or outage in general does not promote development to public and private
sector. The investors do not feel secure to come into acountry 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 ofan

automate power changeover switch that switches power supply from public supply to generator

once there is public power supply outage and it does this automatically. This is achieved by the

use of integrated circuits that have timing abilities and relays to effect switching.
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL INTRODUCTION

Power instability, interruption, failure or outage is common in developing countries like

Nigeria, Togo, Ethopia etc, and it does not promote development to the private and public
•Actions.

Majority of the commercial and industrial process including some domestic processes, depend

on uninterrupted power supply. In an event of power interruption or instability, the change-over

from power supplied by public utility (PIICN) to a generator is usually performed manually,

which often result in time wasted; moreover machine damage can sometimes occur due to

human error. These and many more can cause significant financial losses. Therefore it is

important that the electrical power produced at the source and delivered to the load be adequate

anduninterrupted.fi]

The project is designed for power supply application. It involves automatic change-over

between the main power supply (PHCN) and an auxiliary power supply such as generator. The project

implements an automatic switching or startingofagenerator wherever the main power supply fails or

thevoltage is toohighor too low. .,



H- basic operation is «o switch on „ auxiHaty ,»wer suppiy generator) i, connects *e power
-pply front the generator to the .oad after apredeten^ trme „ as to „orma,i2e the c™ font the
generator. Th sorting of fte generator is done by , re|ay ^ ^ ^ ^ ^ ^^
ignition coi, of the generator, whiie the mai„ power rday swishes the toad to either public suppiy
(PHCN) orgenerator.

This project has been design* to automatrcaJly mterchange power supply me moment the A.C
main (PHCN) is restored and switch off the generator. At this point the device removes me streets of
swhehing- on and off the generator manually when the A.C main fails or is restored. The design of this
project take into consideration, practice or real life situation.

12 SCOPE AND LIMITATION

The project focus on the conation ofadevic that automatic^ switches to an auxiliary power supply
immediately the supply from PHCN is not available. The load .mams connected to the a.ili., supply as
long as the auxiliary supply (generator) is in good condition and it switches back once the AC main is
restored..!! is designed for domestic, industrial and commercial use.

1.3 AIMS AND OBJECTIVES

o The projects Improves the availability a,d the efficiency of electric energy consumption in such away
that the design devices anormal output voltage continuously,

o The project is aimed at designing and construction of an automatic change-over switch. The device
factions by changing over or switching power between the A.C mains and the auxiliary power supplies,

oThe project is also maimed to enable user to minimize change over time and also prevent danger
associated with manual change over switches.



1.4 METHODOLOGY

*.•»-•

H« method enjoyed in ftis project is to cany out the desist of Mvj^ modules w„ich „ ^
coupled into asingle whole circuit in order to satisfy the overall objective ofthe project

The Sub-Circuit Are

1• The power supply unit

2. The indicator unit

3. The logic control unit

4. Change over switch unit

The design methodology follows the steps above. The design considered the availability of
suitable component atreasonable cost.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

Developed nations have uninterrupted power supply, but in developing countries
there rs power failure or outage. Acountry like Nigeria is accustomed to unstable power
supply. It is only wise to provide abuilding with an auxiliary power supply as an alternative
to the-main power supply because the main power supply could fail. Most buildings have
power standby such as gasoline or diesel generator and power inverter to that effect.

In most developed countries there are huge facilities that provide electricity. These
^generate substantial amount of electricity for consumer and industries through gas. Nuclear,

solar technologies etc. On the contrary, Nigeria's power generation is based mainly on the
hydroelectric dams which have proven not to be substantial for the consumers. As aresult the

•overall load is greater than the available power. This leads to constant or frequent power
outage or load shedding.

• Electricity is very essential in our daily activities thereby people turn to auxiliary
generator due to unstable power in the country. The availability is a problem on its own

because at times it is either too low or too high and either of these can damage appliances
(especially when it is too high), much less its stability. Consumers still connect their
appliances to the A.C mains because it is expensive to maintain generator. The importance of
an automatic change over unit is the interchanging from one source to the other not depending



on the user's manual. The procedure is automated and manual enhancements are incorporated
to the device in the case ofemergency.

2.2 HISTORICAL BACKGROUD

Power change-over are sometimes inclusive in the buildings electrical wiring. One of the
known contributors to electricity was Benjamin Franklin who proved lightning is electricity arid
invented the lightning rod in 1752 [2]. Another was George Ohm who postulated the Ohm's law
(V=.IR). Yet another was the development of abulb in 1879 by Thomas Edison [2]. He also
established the first power plant in 1881 [2].

The first standard of commercial electricity supply was made in 1897 known as the
electric code [3]. The first successful hydropower project was in the Niagara Falls in the USA
[2]. In the beginning of the twentieth century, different companies in the USA started
manufacturing and development of electric building wiring devices, such as the cutter
manufacturing company located in Philadelphia and the National Electric Company (NEC), they
produced electric element such as circuit breakers, fuse boxes, power dangers and lots more [3].
Their technologies were based on modem electronic controls.

*„ Kon Doh and Tovoshi from Japan in 1975 patented aunique change-over type loading
assembly which was designed for non utility power generation. They were installed in high rise
buildings or other facilities in ordertb deal with situations such as power failures [3]. This
invention was concerned with aloading device assembly for dry type testing equipment in which
series of resistors made of metal member used for testing purpose without regards for water
resistance. The invention was quite significant. But it does not employ advantages of modern
electronics. '



^ amanua, change over switch consists ofma^ua, chartge Over switch box, swttch gear box and the

P.H.C.N. artd when there is power suppiy outage, from P.H.C.N. somebody has.to go and change the
!,e from P.H.C.N. source to generator thus when P.H.C.N. power supp.y is restored somebody ,las ,„
go and put off the generatorand then change the sourceline from generator P.H.C.N.

. The switch is used to protect the equipment of the generator as we,, as that of the building
Wsshowstaifrhe^high voltage^P.H.C.N. *„supply,thentseMe,heswitchgearwi,, c,
off, .his separates the supply fom the ioad. TOs ^ te^_ ^ ^ .^^ ^ ^
generator. TT,e cut -out fee is „ additional protector ofany high voKage between P.H.C.N. asou^eand
switchgear.

In view of the above manual change over switch tna, invoives manpower by using
one's energy in starting the generatorand switching over from over P.H.C.N. to generator and
vice -versa when the P.H.C.N. supply is being restored; the urgency attached to case, of

fas, as possibie, gave the zeal to design and construe, an automatic change over switch which
would solve the problem of manpower and the danger ,ike,y to be encountered during
operations inhospitals

o~



2.3 THEORETICAL BACKGROUND OF THE PROJECT

the theoretical background ofthis project is based on the principles ofaregulated power supply, arelay

operating principle.

As shown inthe figure below, a, regulated power supply make use ofa step down

Transformer, rectifying circuit, and a filtering capacitor.

Tile transformer steps down the ac supply voltage to suit the requirement of the electronic

devices and circuits fed by the dc power 'supply, it also provides isolation from the supply line an

important safety consideration. The rectifying circuit (bridge type) employees the use ofa chip to

convert ac voltage into pulsating (called ripples) present in the output voltage supplied by the rectifier of
«.-*-•

course, a filtering capacitor isusedto remove theripples.

DC Input

Step-down
Trans former

Rectifying

Circuit

fig.2.1 lock Diagram of the Regulated Power Supply.

DC Output

The relay operating of the project section operates based on the principle of electromagnetic
induction. However, a generalpurpose relay (used) is basically a mechanical switch operated
by a magnetic coil similarto that of the figure below, the general purpose relay employed here is
a DC type. These relays are available with coils that can operate or close the contacts from mill
volts to the hundred volt range. Relays with a 6, 12, 24, 18, 115, and 230volts design are the



most^.common. Today designs offer anumber of general purpose relays that require as little as
4milliamp at 12v DC making them 1C compatible to TTL and CMOS logic design (gates).
These relays are available in avolt range of switching configuration [2, 3, 4, 5, 6, and 7).

o-

Input terminals

0-

•o-

5
ex

•o
\J Common

O

Fig 2.2 Electromechanical Relay

The current needed to separate arelay is called the pull - in current and drop - out current is the

current the coil when the relay just stops working. If the coil resistance is Rand its operating
voltage isV,thepull-in current.

The primary purpose ofthe DC voltage source is to supply power for lighting the LED and ignition

of the generator. The LED converts electrical energy into light energy (as atransducer). It is used as an

indicator. The resistor in series with the LED limits the current through the LED by directing and controlling
current,, making changing currents produce changing voltage and obtaining variable voltages from fixed,

The value ofthe external resistor in series with the LED is calculated as follows:

[ones.

Where: R is the use ofthe resistor

Vs isthe supply voltage

Vfisthe forward voltage of the diode



i>~

If is theforward current of thediode

The arrangement ofthe capacitor and the relays is used to ensure the ignition time ol

the generator using the voltage supply from the secondary. This ignition time is the transient

time or time constant ofacapacitor as it charges or discharges through aresistor (i.e. the
resistance ofthe relay). This can be calculated or determined using this relationship thai
follows: T=CR,

Where: Tis the time constant ofthe capacity

Cis the capacitance ofthe capacitor

Ris the resistance ofthe relay

2K

Note: Vs - — after time T 3

Vc is the capacitorvoltage

Vis the supply voltage ofthe secondary.
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2.4 TARGET AREA

(1). Power supply isessential inour day to day activities. There are a lot of

operations that should not be interrupted, operations like: surgery, incubators for

babies e.t.c

(ii). Use in Banks.

(iii) Network server rooms

(iv) GSM Operators
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CHAPTER THREE

DESIGN AND IMPLEMENTATION

3.1 CIRCUIT DESIGN ANALYSIS

The total circuit ofthe project is divided into the following units

1. Power supply

2. Generator supply unit

3. Control unit

4. Switching unit.

5. Output.

11



POWER SUPPLY

POWER SUPPLY 2 LOGIC CONTROL MOTOR TERMINAL

*>-•

OUTPUT LOAD

Fig 3.1 The block diagram ofthe system

3.2 POWER SUPPLY UNIT

This consist of'three sub-units namely, 12V step-down transformer, arectifier (bridge)
and afiltering capacitor. The transformer steps-down voltage from 220V to 12V (AC), this is

then wired to a bridge rectifier which converts the AC signal to DC signal. The DC that was

obtained has some ripples which were filtered out via afiltering capacitor. The filtering capacitor
is usually an electrolytic capacitor. The circuit describing this unit is shown below

12
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AC mains

220v/50hz

Rectifying

stage.

Fig 3.2. Circuit of Power Supply Unit.

__ Filtering

capacitor

3.2.1 THE 12V TRANSFORMER

The 12V transformer, rated 500mA, is incorporated into the circuit to drop the voltage
from 220V to 12V. The 12V specification is needed to allow reliability of the circuit at low input
power supply. AC output of the transformer is fed to arectifying/filtering circuit for conversion
to DC.

AC mains 220v/50hz 12v output

Fig 3.3 Transformer

<?.
13



3.2.2 THE RECTIFIER

The commonly used four (4) diodes were not used in this case. Asingle chip label

KBJ6688 64G was used in place of the diodes. It also does the work of the four diodes (i.e. the
rectification orconversion ofthe AC to DC).

3.2.3 THE FILTERING CAPACITOR

The output from the rectifier is expected to be fully DC, but this is not always true [9].
*The voltage after rectification still contains some ripple, (a signal of small component of the AC

input). The way of removing the unwanted feature is the use of a polarized or electrolytic
capacitor. AlOOOuf type is the choice for the project because any relatively higher value than

this will cause delay in switching of connected relays due to longer discharge resulting into
slower power changing over.

Fig 3.4 Filtering Capacitor

14



Mathematical analysis ofchoosing CI

Q = It = cdv

It =cdv

C = It/dv

But dv = peak voltage -Vminimum'

Peak voltage = V2 x v^

Vrms=12V

Peak voltage = V2 x 12

= 16.97V

Asilicon material was used; therefore 0.7 x2=1.40 is subtracted from the peak voltage.

Total peak voltage = 16.9— 1.4

= 15.5V

Since 12V relay used can work with minimum of 10V, then Vmjnimum - 10V,

Thereforedv = 15.5- 10= 5.5V

I=Current ofthe Transformer .= 0.5 Amps

-Vf'

15
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There T= 2t = 1/4

= 1=0.01

100

C = IxF = 0.01 xo.5

dv 5.5

C = 909xl0"6

C=1000uF

3.3 GENERATOR SUPPLY UNIT

This unit is merely all about the alternative power supply which can come from an

electric generator. Its power output is connected to the charge over switch.

16



Fig 3.6 power circuit

3.4 THE CONTROL UNIT

The control unit is the heart of the whole circuit; its operation is based on sequential
timing. The main component of the unit is acontrol oscillator (4060B). This device initiates the

required switching in the circuit. Although, the device has ten control terminals, only two are
used in the circuit for controlling the latches. It is designed to execute the following tasks after a
relay connects to power from a 12V battery.

l.To disconnect the load from the normal AC mains through arelay immediately the
fails.

2. It triggers on the starter motor for about three seconds.

3. Switches on arelay that connects the power from the generator to the load.

power

17



3.4.1 THE 4060B TIMER

The 4060B in fig 3.4.1 is a 16-pin CMOS (complimentary metallic oxide silicon)

RC/crystals oscillators/divider integrated circuit. It is- designed to generate ten different

frequencies from aparticular one, and is usually configured in the RC mode [5].

Its pin 12 is required logic zero or ground for normal operation. Pin 9, 10 and II

output I, output 2, and clock terminal, respectively [7]. They are needed for the RC oscillator

mode. The device works with 3-18voIts power supply.

are

18



POSITIVE TERMINAL

10

12

•4000 B

•"" 11

10

0

J ->

C1
imp

I °
GND

13

14

15

04

OS

00

07

a 8

00

010

011

— 013

01-t

Fig 3.6The Pin Assignment of 4060B

The values on that are preceded by Qare the Qvalues talked about earlier in this chapt

It is used to calculate the value ofthe frequency ofeach pin.

19
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Fig 3.7 the RC mode of the 4060B

. The 10 output signals are derived from a main frequency. The main frequency of
oscillation isgiven by [7].

Fm = I

2.3RtcC|C

Where 1ORtc > R5 > 2R,C

20



The typical values of R5, Rtc and Ctc are 100KQ, 33Kfi and 0.001 uF.

There fm = 1123x33xl03x 0.001xlO"6

• Fm=13.2KHz

These signals are used for switching or controlling the latches which deal with motor and

change over control.

3.4.2 THE 4013B LATCHES

The 4013B integrated circuit contains two independent latches. They work with active

high signals. Although the 4013B is really designed for Dtype application, the latches in the

circuit are configured in the SR mode by grounding the corresponding clock and Dinputs as

shown in the fig below. The circuit requires two of this latches one of the latches controls relay

two (2) that switches ON and OFF the motor/starter. The other latch handles the change over

operation between the public power supply and the auxiliary power to aparticular load.

21



Set

4013B
Reset

o~-

D

X"
clock

Fig 3.8 A D-Type Latch at SR Mode

The output frequencies are based on the following formula

Fqx = Fm/2X

Where: -Xis the Qvalue ofacorresponding pin (4)

Frequency output from pin 2 is given by

Fq,3 = Fm

.13

Where 13 is the corresponding Qvalue ofpin 2

13.2 x in3

>13

Fq,3=1.61Hz

22



Tq'3

Fq'3

Tq,3 =

1.61

= 0.62sec

= lsec

Frequency output from pin three (3) is given by

Tq14 = Fm

214

Where 14 is the corresponding Qvalue ofpin three (3)

Tql4=13.2xl03

214

= 0.81 Hz

Tq1 4 = 1

Fq14

1

0.81

; 1.23sec

2 seconds

23



3.5 INDICATOR

^ This circuit comprises of a red light emitting diode (led) and a current limiting resistor

which is connected in series with the led. The resistor allows voltage drop of about 1.70 across

the device. It is incorporated into the design to indicate whenever then the circuit is active. The

resistor allows avoltage drop of around 1.7V across the light indicator. The circuit of the system

is shown below.

VLED=1.7V

Ii.rdmax = 20mA

Let Iled= 10mA

±vcc(+12V)

E^

Fig 3.9 indicator circuit

24



R= Vrc-Ycc- vled

Iled

= 12-1.7

10mA

= 1030

= IkQ

Fig 3.6 power circuit

3.6 THE SWITCHING UNIT

This unit consist of the component that aid in the switching process. They include; the relay and
the transistors

25



3.6.1THE RELAY

This is an electromagnetic device, it consist ofacoil which current passes through. In the

process an electromagnet is formed, this then helps to move the common from its position to

another position. It is used by varying the input in order to get adesired output. Relays are of two

types, the normally closed and normally open. [11]. The type used in this project is the normally

open relay.

Arelay switch is also used for switching heavy load in AC, the load rating depends on

the current specification1of the device. The type in this circuit is rated 12V and 10A. Therefore,

if the voltage involved in switching is 220V AC, the maximum power loading is around 2Kw. A

normal relay has 5terminals [9], three ofthem serve the switching connection, the other two are

used for inductive switching of the relay

/
N.C

N.O COMMON

fig 3.10 A relay

Two relays are used for change-over operation and one more for switching abattery to the

control circuit.

26



3.6.2 THE TRANSISTOR UNIT

It is agood and common practice to switch relay with atransistor. The transistor is set in

the common emitter configuration. (Operating at saturation and cut-off region).

The switching transistor used is 25c 945 it is an NPN device with maximum current and

voltage ratings at lOOmilliamperes and 50volts. It possesses atypical current gain of 100. The

resultant load or resistance of the relay in the transistor collector is 400Q [4]. Therefore for full

saturation of the transistor, the bases of the switching transistor are connected to the latch

through a2.2kQ resistor. The mathematical analysis of that value is shown below.

12V

25C945

2.2KA

Fig 3.11 transistor circuit

From data sheet Ic = 100mA

27
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hfe = 100

Vcc=IcRc + VCE

But at saturation VCe = 0

Vcc=IcRc

But Rc = Relay Resistance = 400Q

Vcc= 12V

12V = Icx400

,c~ '400

= 0.03A

= 30mA

hfe= 10

hfe = Ic

h>

lb = Ic = 30mA = 3mA

Hfe 10

VB = Ib x Rb

Vb = output voltage Fwin Ic

=2/3 xVcc

= 8V

Therefore8 = 3mA x RB

Rb= %.003 =2-7KO

28



= 2.2Kfl

3.7 MOTOR TERMINAL

The motor is intended for an electric motor which starts an internal combustion engine
that powers an alternator, since the project is prototype this terminal is connected to a 12V

battery (two 6Vbatteries connected in series). When electricity is supplied to the terminal of the

motor, it works within a short time then after a particular time which is controlled by the'
oscillator theengine (generator) switches ON.

<? --

3.8 BATTERY CONNECTION

The battery is what powers the motor of the generator or the whole change-
once there is power failure. Both batteries are rated 4A

Fig 3.12 Two.6 Volts Batteries Connected in Series

over circuit

29



3.9 OUTPUT LOAD

The load is just about the altogether electric connection to the power. A60 watts bulb is used as

the load. It indicates the presence ofelectricity at the output.
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Fig 3.13 system circuit diagram

0
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4.1 TEST

CHAPTER FOUR

TEST AND DISCUSSION OF RESULT

The testing ofthe project involved putting the set up with awiring the battery to the
circuit. The main control point was asingle phase socket box. It involved two plugs respectively
the Generator (A) and AC mains (B). The control ofthe device was done on socket box by
putting in place and removal ofthe plug indicating supply from AC mains, leaving the one from
the generator plugged.

The plug B(the AC mains) was removed from the socket, indicating there is no power
supply from AC mains. Immediately the plug is removed, the motor indicating the starter of the
generator kicksand goes off.

The plug that wasremoved from the socket (AC mains) was put back to indicate that the
AC supply has been restored.

When both plugs were removed the circuit did not function, there was no power supply of
any form.

31



4.2 RESULT

Unplugging both plugs and the battery from the terminal made the device useless. When

the battery was properly fixed, and the control box's plugs were put in place, the bulb was on

without any response from the electric motor with time.yhe condition remained the same.

Unplugging plug B(for the Ac mains supply) .resulted into switching offof the electric

bulb, and the motor (starter of the generator) rotated for aspecified period of time about two

seconds before going off, and after about five seconds later the electric bulb comes on again.

. When plug Bwas plugged back into the control box, the bulb came on instantly.

When both plugs were unplugged from the socket the bulb went off, with no response

from the electric motor. In fact none of the previous result was possible if the battery terminal
were not properly connected in place.

<>.•

4.3 DISCUSSION OF RESULT

When the two plugs were not in place the circuit yielded no result. The removal of the plug (B)

allowed DC power supply to the circuit through arelay switch which connects the circuit to the

incorporated I2V battery. The electric motor represents the normal starter for normal internal

combustion engine ofthe generator. It is normally required to work for ashort period of time in

getting the engine started.

32



There was adelay ofabout three seconds after the dearie motor stopped working, before
the light came on again. The removal ofplug Aafter the Ugh, eomes on was to show that the

--source ofelectricity the bulb was through line A. The light wen, off in response to the removal of
the removal ofplug A. if the plug is put back in place the light should come on again. Plugging
back plug B,„ the control sockefalloweo normal AC supply i„,„ ,he bulb. The comes on in a
shorter while.

4.4 TROUBLE SHOOTING

The device worked properly after testing, but it was found to have alittle delay in switching, so
the timing was adjusted to avoid along delay in changing over

33



CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

An automatic power changeover switch has been designed and constructed. The prototype of the

automatic power changeover switch worked according to thespecification and quite

satisfactorily. The device isquite cheap, reliable and easy to operate. Whenever there is power

outage, it reduces stress for manpower changeover

5.2 RECOMMENDATION

1. Higher current capacity relay should be employed.

2. Timing circuitry could be incorporated into the design to allow different delay in switching.

3. With little modification a 3 phase power application of the circuit is possible.

4. The generator must be in good working condition so thatthe device can function properly.
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