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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

andconstruction of a single phase automatic power change overswitch 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 ensureconstantpower 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 acountry with constant or frequent

power failure. These limit the development of industries. On the strength of this, power
supply can be claimed to be ameasure of standard of living. In developed countries, it is
constant and has held them to ahigher standard of living by placing alimit 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
agreat extent, to the socio-economic and financial losses. To 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 abalance 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 ofaswitch which would be capable
of automatically switching the circuit from the mains (PHCN) lines to generator sets when
there is apower failure. In the light of these problems, this project aims at DESIGN AND



CONSTRUCTION OF ASINGLE PHASE AUTOMATIC POWER CHANGE OVER

SWITCH.

It helps alot 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 [5]. By paraphrasing an automatic change ^>ver switch is that electrical

devise that changes from asystem or method of working ofageneration 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 astep down transformer, bridge rectifier, voltage monitoring, an automatic

push switch circuit, arelay; mains operated battery charger, amicro 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 ofavoltage 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 agenerator when

additional switch circuitry determines the generator has the proper voltage and frequency

when utility power returns or no anomalies have occurred for aset time/the transfer switch

will then transfer back to utility power and command the generator to turn off, after another

specified amount ofcool 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 ofthe 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 of adevice that automatically switches to an auxiliary

power supph immediately the supply from PHCN is not available. The load remains

connected lo the auxiliary supply as long as the auxiliary supply is in good condition and it

switches back once the AC mains are restored. It is designed for domestic, industrial and

commercial 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 LKD indicating the various sources of power and error

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



CHAPTER TWO

2.1 LITERATURE REVIEW.

Aswitch 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 ofexcess 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 ofaknife switch was imprecise for starting and stopping of

motors when they were first introduced for industrial uses. For some reasons, aknife 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 ofopening 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 ofdouble-break contacts necessitated the discontinued use ofthe knife blade as

a controller.

Unlike single-break contacts, adevise could be designed to have higher current rating using

double-break contacts. Example ofsuch 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 ofelectrical 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 ofthe industrial revolution, many manually done jobs were replaced

by some automatically controlled devices. This ensured standard, security, safety and

durability.

David parkinson, a29 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, spikes or surges will cause the internal circuitry to

command agenerator 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 ofa 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

supply unit

Zero crossing

detector unit

Voltage

regulator
•

Controlling

unit

Relay unit
• — w

Fig 2.2.1 Block diagram illustrating the various operational units ofthe project



2.2.J REGULATED POWER SUPPLY

An unregulated power supply can be converted into aregulated power supply by adding a
voltage regulating circuits, which consist of the following components. Astep down
transformer, arectifier, afilter (capacitor) and avoltage regulator.^).

AC IN

Step down

transformer

Rectifier filter Voltage

regulator

DC OUTPUT

Fig 2.2.2 Regulated power supply

n. step down —er *a,»wer ^former used in solid state circuit. „transforms

providesisola.ton from the suppy ^^
worMsfcpdown—remp,oyed to step down the AC supply

to 15 Vmis-

Rectifier (full bridge type) converts
^erectifierwasemployedforthepurpose.^

• . nnlsating DC voltage. Afull waveAC voltage into pulsating u

moved with the aid of af-n at the output of the rectifier are later re
Filter:- the fluctuation at the P

CapaCit0t' u nrsuoply constant a7805 voltagetokeeP the terminal voltage ofthe DC supply
Voltage regulator:- __ ^ ^^^^

regulator is em]
ployed.ltisafixedpositiitive linear



2.2.2 ZERO CROSSING DETECTOR UNIT.
• *„r u i« use to detect weather they isThis units consist of aresistor, capacitor and atranststo, It >s usePHCK or no,„iscapab,ofdetec«ngd>eavai,abi,ity andoutageofPHCK.lt generatesan

output pulse every half cycle, if PHCN disap^ars the pulse disbar, 1, is connected to
pin 12 md 13 of the microcontroller. Aprogram is written so tha, every time the pulse goes
low the microcontroller will be interrupted.

2.2.3 CONTROLLING UNIT

Amicrocontroller is used to coordinate the switching, voltage dicing and failure outage
^ector.AdifferentUindofin.egratedcircuit.amic—Her, is acomplete computer on
. chip, containing all of the Cements of the basic microprocessor along with other
specialized functions.

,„,,„„„ CMOS 8-bit microcomputer with 4KThe AT89C51 is alow-power, high-performance CMUb
bytes of Flash erasable and programmable read only memory (EPROM).

2.2.4 RELAY UNIT

.ntrolsOteoperationofoOterdevicesin thesameor other circu. It consists of coil wound
^undasoaironcoreandamovablea.ma.ure.Whencurrentispassed through thecoiMhe

switchcontacts.[6].There,ayem,oyedhereisaDCtypet6V,,0A1re,ay.Basica„y,itiSamecha„ica,sw,tch

contacts from mill volts to several hundred volts.
9
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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 byteselectrically erasableprogrammable 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 powersupplywas combined as shownbelow.

240V/15V

D7

From battery ~-wi
1N4001

Fig 3.1 Mains derived power supply/Battery supply.
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n.evo)laget a""S—*e(ransform hePnm—«™^er,a"'^Wo^,^ ^nne,
0c""*«**w.,aHow,.

w, ^^y^to^Wh—e^^ ^ 3,
voltages 240V sls the Primary Vo/ta

6C 'jv and V ;<. fJ,vp's the secondary

The 15V SeconH 15 *16Ksecondary voltage was rectifi w•

v v , P,midC *"* by the
Vdc~VrmsV2-1.4._

F-^vinpuuherec(ifled
«^M-19.7V °,tageassi»»edavalue„f

-*-£ [ '̂̂ ^—•-—on
1maximum loadcurrent 3.3
^V^aximum allowable pealed ,
-capacitance ^ AC "PP'e vo,tage

=* = -L/=• 2F(M wave rectified)
frequency 3A

'- time
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The peak-to-peak ripple voltage was determined by the minimum input voltage requied by
7805 device to sustain a regulated output. From the device's datasheet, a2-volt overhead

was required to maintain aregulated 5-volt output, thus, the minimum input voltage is 7V.

on a19.7V DC supply, this translates into apeak-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 thecoil voltage and the coil resistance.

The measured coil resistance was at acoil voltage of12V

Therefore Relay current^ ^2£ - _H_ = 80mv4
RCOlL 150 .3.5

Where V^n = coil voltage

Rcoii = resistance coil

The total relay current, therefore was 3*— = 0 24A
ISO "-"^

Inserting the deduced parameter into the equation for the capacitance yielded

„ 0-24
C = — = 0.018899F

Avalue of2200//F 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

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 adigital

13

was



val«= 'hat is lnen ch «dforoverv„llageandunder

" is —med that lhe - . - ~ ~no> imP'emenled on ^
n0n"VOla'ife -«>• Voitage raonilon,g "~~ ""* againS' "* «"- stored i

v*8e„u(putleve). "ekC'makS °" * ™>r o
mthe

generator input since

"tput at/within the
specified

TteADC0804wasi

&l«ecftip.seject d

Kconnected to pi„s)9and4 •"* by the values oflhe
as shown in fig 32.

Fi '̂̂ DC CLOCK SOURCE
RrWaSanOmina"0Knres/stencebvl.p

.onn,

Evaluating the

FcLKS J

""^^fequencv viewed

ii/?rcy

Hdk is the clock ftrequency

Kris resistance
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Ci is capacitance

Fclk = ~ _
iixIo^Tpi- = 9io/r//^

A conversion was m^made „„ce eveiy
—•on, lhe slafes of ^ aq - so«ware limer. Before ^

*"'•»« „vTI overflowing. " ^ "* """'* * <-o„, „ag
TT^ro cr„ssing infom]at.onon(|]
tons as PHPN • SUPP y iS fed im° «he INTI in,, •8 PHCN ,s "*ie, timer 1is con(i '""""f" ,nP"<- As
*-* However, when P„CN m -, nU<>S"'"*"^ '^ - «* timeout flag
—'- * contro, soaware deiavs ^ ^ ^ ^'^"* ***««
-»' ofavoitage ^

TW-mpiementationpreve,,,,,,,, ..
" ^ "*"*« version when the AC ^ ,

TheADC~—•«*r.shown,fig33

FROM
RECnFlER

VCC R/C

F«'g3.1.3 CONTROLLER-
TO-ADC INTERFACING
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— write and chip setainputsweremoved(op3
-version is imthted ' ^".O respectively. A

—ccConversionliU b""^" "̂ * "«IS tften ready about 1OOus later tu a •
-.econtronerwhereitism^^^^

ou-Pn. of the .ocai AC supply as i„ fig 3.3. ' ""' "^ «*"

GEN

LM7805CT

TO INTO

TO INT1

220uF

Fig 3.1.4 power supply/ADC take-off voltage

^e non-inverting input of the ADC TV , ^ ^ **>h U1 ine ADC. This voltaee r*fWf„ .u„
lnP"t into the system from

Point is correspondingly translated to a
the mains. Any fluctuation!

voltage variation on source input.

ADC- This vo,^ge reflects the AC ir
in the voltage level at this noir
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- v^ *JdU^Uomcclianiciilrdii

3.1-3 ZKKOCKOSSINGDETECI-OH

-Lj\ SI J; 3 -,-,

!^•"* "•• *mm'

«r<, crossing detector, were used. ' ^'"'^ ''",'"'"

•A /.WO Lii>;,;,nj;; il-:....'. :

,nP"l terminals crosses the
'-" ^.M-iiul. •"'!! it! (f:

zero level. For £I ZCD

—>'a recl.iied but Pu,sa(in, Dc mpu(

WI''h AC inpuls l,xl:,.f;il-m_ (hc

AC

— •'̂ LRUUUSMN(JUtltUUK(S

01 and Q2 are

"t J .'i s:-» ;:;

common -emitter ON/OFF switches. The i
'"Put circuit is fed from ,he

Pulsating output ofthe rectifier.
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F'G 3.5 ZERO CROSS.NG WAVEFORM

D' "— on hard when the rectifled vo|.ge ,, abo„, ^
-o.Sl6:.,,,ea2WI5VTra„sfromerwasUse, ^'^
™sva"*" calculated as shown beiow

Hence, whenever the An •
-ver (he AC ,nput voltage crosses the 24V level

generated. Q2 sw,Ws the , ' *" °U'PUt SqUare Wave is^ gS thC °UtPUt Pu'«es between OV and +5V hef r ,
on the controller. ^ feedmg the ,W0input

A-similar scheme, but without O
mout u2 , was employed on th^ ,

'-ding ,N„. When the AC , r """' '"* *" -'he AC supp,y fi,ils> ,he

"""-".-.ling -Pply vo„ilge ,„ss. ern"''' '•' —

.',1*Zl'" <™~-„„„„ „_ a

-U-JA«-KKFERENrEVOLTAf.-K

!': "'Trl'ed with a .v?m..,.„. , .,=,., ?

network shown below.

1»

ecfifier output

Output



F'«3.1.7ADCVRFFREF

To Pin 9
ADC Vref

'hC V*Cr eS,ablishcs 'he relationship between ,h ,
'̂ontpntof the ADC The V " inPU' V°"a8e '"'" * "* -lne V*bf can be adjusted from 0V-2.3V.

3J5 SYSTEM POWER SUPPLY

U1
LM7805CT 25v^OOOuF

EXTBATTF^Y
1N4001

F'g 3.1.8 Three input voltages fed i,
•nto voltage regulator

The 5V
supply was buffered by a lOOOuF

capacitance against fluctuations.
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316 BATTERY CHARGER

'-automatic startup, an external DC source

~;::izr''"-•——
's required to initiate the starts .

u,e Slariup sequence. The

To 7805
regulator

PHCN-^-fcr—. I |To.re,ay
• switches

W GENERATOR START-UP SUBSVSTEM

Asonware-driven generator sum-np subsyslem

minimum, embodies, at the barest

') A motor and

2) A stator.

Atypical startup sequence consists of:

I) Applying J2VDC to the motor

20

m^ ' ' Zkn 1N5392L 1N5392
^1M467 92

+ 12V10A
battery



2) Delaying for amanufacturer specified time

3) Applying J2VDC to the stator

The shutdown can be
any sequence, i.e. either motor

The voltage switching subsysti

break the necessary connections

orstator can be turned off
in any order.

em employs 12V 30A DC change
over relays to make

The switching subsystem is diagr;amised in fig 3.7

12V

P2.5

F'g 3.2.0 Switching subsystem

318 SYSTEM STATUS INDICATOR

LINEJN(GEN)

LINE_OUT

LINEJN(PHCN)

To indicate the system state, three
LEDs were used, viz

a) A red LED i'ndicating ERROR condition, i.e AC
running;

Power deselected and

b) A8reen LED indicating local AC power selected.

21

generator not

or



C) An orange LED indicating local
The three LED

AC power deselected
were interfaced to P20,p2,andp

' and generator running.
22 respectively.
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CHAPTER FOUR
*« TESTS,RESI;Ltsanddiscijssion
42 INTRODUCTION

For proper imp,emenla(ionputjK)seihe

7hC e'ectronic components used are asten i
a step-down transformer (240/15VI , r n u•rectifier, resistors, 5V voltao. , ^^/15V), a fuJJ brid

' V°,tage regu,at^, transistors, analog-to dint i~la«or,a„„„.volatiIemeniory /*<- —• '-HZ
-00, Md IN5392diodes, )2VDCre/ays lmel895' —oiler, eapaeito., LEDS,
43 TEST

Various test were r>a«.;a,i
Were carned out in the course ofth.« n •

ourse ot this project work to ensure that »h i •"thieve*si-•*—««.,« f e,bd"fed—
T-———»»,1^Illfto • "^^—^Projee,

cn sta8e between compared with th— a.—weremadetomee((hespedJn
'he power s„pp,y _,,, was

- connected ,„ the main s t Conner was nrs, mounlcd

—*h then eo„Verts fc Ac voltagI ^ ^ " ""*" ^
- oc ^ obta,ed wm fed °C f°™ -- - «*• - on5V.
—-stor.orn.h ^ ^ ^ ^---—, weatherno,, „also generales „ ou(pui be

^u imo a utter to remove rh^ ra~.„- •move the remaining ripples in the

23



SyS'emT«e output oflhefil
was atso measured to know it * i

approximately 15v. CS and Was found to be

Tnereouired^V needed topower(he
opined by soldering a5Vre8u,a, • ** "^«""">"" "-8 3Vregulator integrated circuit
IK"—*,rf(taAOC,raicroconlroller
^ was moumed ,„ provide ' " "*»~gly and . separa(e 12y

backup to the circuit to initiate th.
start when the mains fails. ge"erat°r so,enoid to

44 RESULTS.

When all the soldering had been
or open circuit

The output of the power snnni„ •

SUPP'y - ""*—- -• -roeontroHer and the relays
— Hasmeahility^,.^^^^

'"e ability of lhe circui( lo ^ ""«°fOrator.

« PROBLEMS ENCOUNTERED
^ voltage across (he ^^

up to the required sv i_
fluctuations ofpower from the main, meaSUred due *
D"e.od,eeos,„fcomponellls

'-- «» —ors was used to i„lte ^ ^ "" ^ *" *
----andgeneratorrej:;:^-5^ ——

completed on the Vero board it, u ,
'o ensure no short or „,*„ „;„..., **" "* Whole "rcni, was traeed

24



46 PREV*NT«VE MEASURES TAKEN
') ^e various eomponents used were independent, tested before use to . h
« all in good working eo„di,i„„. " """ ***

—ntsdamageande.u.p^^^^ "*« *" »~~
3) The normally open a„d norma|ly ^ rf

^metertoavoidwrongeonneetion.
4) The circuit was prevent fiv.

peventedftomgettmgineon^withwaterandmoi^e.
5) NeCeSSiMy P°rtio»S ofthe overboard were isolated ,

^ '° ^ «*"* which may resuit in

^d.yso.dered^w.^^^^^^
m"*"-**•«< and eaiibrated as designed fori f
over voltage

AvaluaWe output transformer (2W

25



CHAPTER FIVE
5-l CONCLUSION

Ue desi^ construction and testino of •

*— -- ~~ wor, wi» negli,b,e _ ^.~*- ~
«**"* - asatisfactory extent. The system ' "' ^ "°* * b~"
- -e fc ge_ so)enoid ~ "^- - abi,, to sense mains
- - - circuit from fte generator to mail:::7 ^^ ""
P-ide constant p„wer supp|y ,o . S'°P "* g~- «, is mean, ,„

PPiy to equipments mostly durinc
industries, eyber cafe, homes h • , Pen"'0nS in "•"» '"ke

' nomes> hospitals, offices h„ •
establishments. ' "S Cen,ers and government

ir;zrr:;:rd to coorc,i"a,e the switcw"-———to._over _
The relays are employed in th.c •P yed in this project to switches the circuit
control as well. "'' "" °r °ff' a"<* then it provides

^estic and industrial purpose, "*"*** * « «* ^

therefore, this project work offers abet,

52 REc<>MMENDATlON

Though, this design is base on • ,

26



-P^cthascleanydemons^,,,,

-d ~-o have afore knowledge - «•"-". «*^ ,*„..,
switch and improve

avoid interruption ofmain source

27

and Pr°Per understand

°«^ This |S due to the fact that the success ofsuccess of any power supply
lnS of the change-over

is to
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