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ABSTHALCY

This project entalls the design amd construstion of 2 Three phase mgoumtic changeover
switch with voltage reloves. The auto-changoover undt was designed o aulomatically

switch from g maln 1o 2 standby power supply {generatory. To feed 2 common load in the
evert of loss of the muins supply source, The internally mounted components compriseg of
electrically interlocked opole heavy duty contantors, together with a single solid newtral
fink, voltags relays, phase sensing unit and two contro! Sophase ganged cirouit breakers,
The anit operates by continuadly monitoring the mains supply whereby the mains contact
de-energizes, the changeover oiroult antomatioally closes the standby condacior on the
assumption that the alternative supply i available, Vipon restoration of the matns supply,

the standby contector automatioally drops out and the mains supply comtavtor reclases

restoring the mains supply o the load,
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CHAPTER ONE
B INTRODUCTHON
The bmportance of electriclty 1o mankind cannot be overemphasized. Fleotrizity has
becorne so indispensable 1o man o the extent that Hs outage creates groat inconvenionse
to his existence. The power sector of o nation bas bamease impact on it cconomic
growth, thus no industrial development con take place without 2 steady and reliable
power supply, mot to mention coonommde losses and Incorreeniences. The use of electricity

covers pvery sphere of hunen endvavour ranging from domestic use 1o commercial and

insdoirial une.

However, 1o spite of the great uses of electrioity 1o man, power supply is not without the
probilern of Incessant putages. These power oulages are usually agcompanied by the
danger o the Bife of bumans, coonmous damage o the cconoiny, sioppage of vomples
engineering provesses, muassive non-prodoction of products, disturbance of pormal living
sondition of the peopde gic, In view of these, the need for a generator set 73 an allenmtive
POWET SOueE NRw artses 1o o gserst the wiility supply, The penvrator may be switched
L3N eithier mannally or automatically in te event of powsy llure from the utility supply.

wasting esperially i the generator set is located some distanve aw gy from the foad,
P A B

From the MeGraw Hilf i etionary of selones and techaiond ferma, a changeover switch iy
defined as A mwans of moving a siresit from ope set of connection 1o another™. From

the above definition, an sulematic changeover switch can be sald 1o be a switch that




ensurss the sutomatic re -closure of the clroull having 19 sosrce from the geperator in the
avent of power failure from the witlisy supply and closes back o the mains when the
wiitily supply is restored.

This profect waork showoase the design and construction of an atomatic changeover
switch that Incorporte both mannal and sutomatic means of switching UM and OFF of
the generator set and with the view that it will be readily compatible with highly reted
generator by merely replacing the contactors and olrouit breakers that maokenp the plant
with highly rated valoes and w33 find s use in both dursestic and industrial application,
The project also explaing the details of operation of the changeover chrenit angd other

associpied clronitry,

UTILITY
{ NEPA )
R
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AUTOMATIC |y Comimron
CHANGE OVER ” OAD
switew [ MR
# i

H

¥
GENERATOR

Fig. 1.1 Block Diagraw Showing The Connzctions OF The Changeover Swilch,




i.2 FROJECT ORIECTIVES / MIOTIVATHIN

The aun of this project is o ensure constant and sdequate power supply 1o load in which
sutage of powsr vy resull in great loss fo the comsumers. This is done by vonnecting the
wint between the wilily supply and o standby genorator, The changeover svaiom

deterrnes which of the power souree 13 feed to the load,

£.3 LITERATURE REVIEW

Man in his quest for a steady power supply Invented on aliernative mesns of generating
power | Lo generator set) This breskibeough was immedistely followed by the problom
of interfacing the generator set with the existing willty supply for optimum efficiency,
then came the inftiative of a switch called “changeover switeh”™ which will pennit
switching io the generator set when the wiitity supply fails and switch back 1o the sty
supply whenever 8 s restored,

Muany different models of changeover switch have oxisted dnce the advent of modern
technoiogy mnging from the manosl type 0 the antomatic fypes; others are botlt within
the generator set. The mamal fvpes consist of changeover switch bos, wwitchgesr and
cetout. The changenver switch box is used 1o isolate the maing whike making contaed with

the generator chrouit amd vice wversa. This type of changeover switch requires a ot of

energy and i s Gme wasting since an operator will have 1o be operating the switch gear

fever as dictated by the witlisy supply.

Lad




The geerstor mbuilt tvpes have boon made 0 be compatible wi

o

hothe penorstor
specifications s0 that at apy testance of fatlure of the atility supply the generator
automatically comes UNL A ropent visit fo Shirore Hydrogleolrie Poswer Station pave the
spportunity 0 see the astomatic changeover svstom used o swiich ON g 206

BLACK STARY generator i the svent of fadlure of the turbine driven gonerator or low
woltage opiput of any of the three phases (34 of the power transtormer. This changeover

switch uses glant vonlactors and relayvs Ty owiiching and sensing. The comtactnry have

o

ery high contmot curront sating and thus contain butli-in are chotes that suppress the arg

generated during contact breaking,

The high cost of contaciors that is directly proportional to Hs contagt rating had Hmibled
the desire fo desige amd comstract g high power vated changeover switch, This projuct

work has a powsr rating of 2.2 KVA and van carry a maxiniam load of 104,

s-.




CHAPTER TWO
2.4 SYSTERM AMALYSES AN CIRCUIT OPERATION
Fhiz projest werk was design and constrocted with readily available components with the
atrn that 1t will be compactable with sy peneraior using 12V battery, B s mavde up of
four different onits namely the Plant {(NEPA &enwmator Unity, the coniroller {Vollags

retay & Phase sensing Unith the ignition unit and 2 common josd. The bock disgram

shown below shows the relationship beiween the respeciive uniis
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Fig 2.1 Blork Diagram O The Changeover Switeh
42 PORWERSUPPLY UNIY
The power supply unit comprises of an AL rectifier vircult, B serves o the madn source

of power to the voltage relay chronit, the bridge rectifier s o full wave rectifier. Diode I




&mi Dy conduct on the positive half chrcles while Dy and Dy conduct on the negative hatf
s:zme%, 3 2 resull vectified load current fows during both sircles,

'?:iée 240V AL madne tapped from the red phase and nentral was stepped down using a
2OV AN 012V step down transformer and then rectified using fbur dicde mounted in
fudl wave bridge rectification format. The trensformer used was & center tap transformer
5;;2 the output voltage wes tapped in order fo obiain a pealc-to-pesk woltage of 24V
power the voltage relay cirouit, g 10000 of 100Y capacitor was used 1o smoothen the

oytput voliage, which was pubsating. The combinstion of the resistor and the capacitor

forms o srnoothen network,
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¥ig 2.2 Power Rupply Unit

23  THEVOLTAGE RELAY UNIT
The veltage relay ciroults comprises of diserete elestronic vomponents and genersl
purpose relays, these relay were nsed in the oircwlt o indicste both over voltage and

ander voltage situations. They are basleally mechanival switch operated by magnetic ool




incorporating  plug-dn fealupres that make for quick replacement and  shople
troubleshooting The vollage rebay vircult serves as a protecting elrcuit to the load Incase

of aver voltage and wnder voliage from the mabns, The ciroult was conpected soross the

red phage for both the waine and the penerator output,

The vollage relay ciroull was powered twough the 24V mgulated power supply. At
normal vollage, the variable resistor was adjusted in order o allow enough voltage 1o blas
the trwsistor on. The sansistor switches OM and pull 8 Jarge cullector current Io thereby
energizing relay BLY AL a vollage lese than the normal voltage, the transistor is OFF
thus relay RLY is de-enurgived and of 9 voltage above the nommal range, relay BLY,
hecome energized o indicate over voltage situation. Resisior B2 is for dmulation PRETHIEE

to demonsirate over voliage and under voliage situations,

Gy

Fig L3 Yoltage Relay Unit
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Fig 2.4 Genersl Porpase Helay

24 HAND PHASE SENSING UNIT

The phase sensing clroult comprises of thwee (3) 220V, 10A ao relavs (A28
;:sf:sz-;zmmd as shown in the figme below. At sormal voltege, selay BLY! becomes
energized and s pormally open contact (ND) close, relay A become enerpized this lead
1 the closing of i3 sormally open (MO contacts | and 4 thereby energizing relay Asat
the same instance the nommally open (NO) contacts Tand 4 of relay A closes engrgize
relay As.with the three reloy on, the phase sensing unit is able to detert the ayailability of
power supply along the three (3) phoses, The theve sittions that can de-energize the

welny AydaAs are powsr failure from the mains, over voliags and ander votiage, which

are all interpreted as power fallure from the maing. The phose sensing cirenit along the




mains forms a NAND gate with respact 1o the generator, The trath table s glven in Table

2.3

1
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Fig 2.5 NAND Phase Rensing Ualt
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Table 2.1 Troth Table 04 The Mains Inpst Wri Ceneovator

Innput mains) Oudpud {generaing

Ard ;;A;;

668 P

01 3

18 3

# 11 ' 1

{88 i

I8t i

118 i

111 &

2.5 THE IGNITION, START.STOP UNIY
The ignition, start- stop unit is ased fo start up the penerator, keep it in fgnition and shat it
down when there s pover faitore frony the maing. The vircult has three {3) selections

pogition L.e. the manual, off and Anto position as shown inthe figare below.
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Figl.b The fpnition, Xowe Stop Lini

When the selector awiich i3 in the mamml porlion and the mains s not available, The
normally closed contact my of contactor M remsins closed comnnecting the positive

x

terminal of the battery o the ignition clrouit,




Depressing the st bstton completes the cuomt lo mllate the igeition relay. The
inithaion of the ignition relay encrgizes the tmer relay 1) and the start solenoid § which
i turn engape the go neralor siard sedenoid o start op the generatyy The poneraior is

¥

started within the period preset by the Thmer Ty o thimeout {iny this case 2 seconda} af!

which the siart selenoid B de-cnergive o disengage the penermior start solonpid.

in the oft position, the generator 6 temporarily out of use. In the Anlo position, provided
the main s not avatbeble, the gencrator automatically comes ORL This automstic
switching is made posaible by the contact my. which opens and closes on the svailability
and unavaiiability of the mains respectively. As soon as the mmny 18 restored, the conlact
sy opens o shut down the peneatior,

b4

251 STARTING 3YSTEM

The operation of the start selenold of the ignitlon starb-stop unit canses the contaet 3 1o
clise, the current i then dipected o the vranking motor of the starter from the battery,
The motor is provided with @ pinton, which is made 1o mesh with g larger pear ntergral
with the fiywhest of the engloe. The elecirie cnrrers s completed throogh casth ferminals,
thus making the CUmnkshafl of the angine fo rolate ontil the engine start, Onee the engine
starts, the sutematic device in the starter phrdon disconmect the pinion from the flywheed

a5 soom as the starting switch 8 i switched off as determine by the thmer 71 of the

ignition it




B F Battery
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/ Hiviteld

Flywhes

Earih

Farth

Fig 3.7 Btarting Syetem

252 HONITION BYSTEM

Fhe fgnition

e plays an impontast role in the operation of perrol engines, it provide
2 bigh voltage surges from 3000 {0 20000Y at acourately timed futervals for the PUETHIEE

of igniting the mixiure of petrnd and alr conpressed inside the {vhinders of the Engine.

In this project, & 12V ignition syatem was adopted. Drunng Cranking, the lpnition system
impresses full bastery vollage on the ignition coil for good engine performance. Onee the
genernior hag started, the ignition remaing in the ON positon 1o koop the ponersior
sunsing, The clectric ignition systors is not deploved by diesel gngine singe the air

temperature is sufficiont 4t the end of the compression drobe to cause burning of the fusl

whes the fuel which is injected gt that time,




28 THE TIMERN

Both av and do Smers were emploved i this project o achiove the nocessary traing
sperations, They are sulid aiate {elecironic hased) timers with built-n solid-siaie
glectronics such as resistance/espaciance {(RO)Y network along «

wiih frans

stors and

sttivon-controlled rectifier {SCRY to provide the time 4 1 swiching charactoristios

Ar A

<<
o
o
® <
gy
&

Fig LB Timer Pin Avrongemoent
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Fig 1.9 Thming Graph

27 THE CHANGE OVER UNIY

Figawe 0.9 shows the change over ciresit of the system. When all the thioe phases are
sdequate and available, the comactor M s energized 1o supply power the load. In the
event of power fatlure from the maing, the awaitiory contact my of coutactor M performs
the change over action ths the bad Is sow connscted the output of contacior 7 of the

generator cirouit assuming the generator Is now fully running.



Fig 2.9 The Changeover Cirouit




18 BESIGN CALOCULATHING
Yoltage relay design calenlations

The AC relay used for the phase sensing cirouit has the following spesifications.

£ontact rating 1A,

Pickop Yoltage 190V,
Drop off Voliage 150V,

ool Resisionee 6 86K

Re = Lol resistance
Therefors the coll current = Mormal Vollage / Coll Besisiance
P20V 0R6K
= AlmA

s

Fhe mindature relay used bas a contact rating of 5A and 2 voltage of

Equivalent AC corrent of the miniatise relay is given by this relmion

P = power of miniature relay
P power of ac relay

iymti"ym? = gg ""'“... P

o

Fast
~3




e 7 {5A K 12¥dey/ 240
27hmA.
This current value (272mAY is more than the YmA ool current needed 1o engrgive the

ZhI z;f:m Fhus, g 54 12V de mindature relay is adequate for

AL relays of the phase

use i the veliage relay cirouit,

2B PRINCIPLE OF OPERATION

The privciple of oparation of the Awomatic changs over switch can b divided into three

wrain unity as folows;

prsy
o)

fcl The Change over unit {Plant].
280 THE SWITOHING CIBOLYY
The switching clroult {fpuition start-siop cirenit] start-up the generstor and keep 1t in

igaition in the event of power outage from the maine, # alse shol down the seneraior oy

soon as the mains is restored. Detalls are given i page ten of this gyt

282 THE CONTROBLER

7

poe)

w Centrotling unit consists of the vollage relavs and the phase sensing cirouits, they

serves ag the decision maker for the changeover cirouit, The controller ensurss the

adeguacy and avatlability of the supply volfages across the three phases for bl the

20




mams and the geveior fo determing which fnput supply to he loaded, The
seknowiedgement of he destred voltage supply by the controliers sends signal o the plan

b Gporats,

293 THE PLANT

The plant is basically the changeover unil made up of two power contaciors [M and 2
for the mains and generator ooipul respectively and the thmer Ty and two Breakers, The
cemtact iy of M permits the mmomatic switching as dictaed by the controllers. I the
three phases of the mains ane adequate and availoble, vontactor M supply the load
tsodating the generator cheult through contact me, which is nurally close. A phase
fastore de-energives comlactor M, contact my retiens back to s sormally close condition
by emergize Timer Ty which begios fiming bnmedistely. The tmer thueout afler § seoonds
thereby energizing contactor 2. Thas the Joad is connectad o the ontpat of the generator,

the restoralion of the complete phase of the maing returns the lond back o the mains.

1%
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CHAPTER THREE
COMBTRUCTTHON, TESTING AND RESULY
i CONSTRUCTION
The cireniiry of fig 3.0 was constructed in modules, The first module constucted was the
vodtage relay circut, the components that makenp the choull were connected logether

using the Vern board and connecting wires was used 1 Hink Joluts together, Joints were

also soldered for proper connection and finmness,

The second stage s the comstraction of the plans (hangeover cironit) and the controller
anit {16, phase sensing untt), Other necessary inerconnections between sub clronits wers
aleny carried out Jduring thiv slage. Approprisie cables were used o achiove the cireuit
wirting, the plant contactors were then interlocked electricatly o achiove the automaiic
switching, and the third stage is the construction of the o start-stop coenil, Finally,

the whole modules woery infeprated (o obtain the desired design. Al vonnections made

swere terminated using cable conngciors

31 THE CARING UNIT
The cosing of the prodeet ¥ made of flat metal sheet, B has o rectangular shape of
dimension (47 X 28 X 18) om. H has a vover that permlt opening and closing in hinges,

Hodes of appropriste dimension were drilled on the sarfaee of the cover and side of the

sasing o acoomaedate the indiostor lamps, switches, koobs amd power cable. Flat metal
bars of length squal to the brenth of the castng were braved soross the vasing, Other joinis

wars abso bravesd together and thery spraved 1o heatity,

21




Racks of appropriste length were fastened 1o the fat nyetal bars us g tpping sorews, Al
the components nsed wore then shide fnto position throu sugh their slot on the vacks. Other
slectronic cands were fastened to the hase of the oa g ustng tapping sorews. The final

wiring was carred ool imside thy casing G form a o stapsiete unit,

33 TENTING

The first wnit that was tosted s the ipnition start-stop cireutt, It was first sested using »
12Y de battery as the generator batlery. The teur gave the destred resalts. The ignition
circuit was thereaflor tested using a wotor car with terminal Th,, i TR amd T,

.

comsected 4o the battery positive terminal, ignition coil positive tonminal, the hatiory

negative terosinad and the start solenoid positive tormingd of the car respectively and the

seloction switch wag 50t o the manoa postiion. P

g the start posh bufton thes

siarts the oar,

o st Wby desiod f"*;sm a8 tw‘ ”%*'; GO EVEREE Sy § SRER t?';zfr;{:

o Jooped o the throo phases of the

homcnsivsded and the action of the el




34 RERBLLYS ARD ANALYSIS OF HESULY
fruring the testing of the lgmition stwt-giop cirouit, 30 was observed thet it ok
approsimately bwo seconds o engage and disengage the start solonoid as presst by the
Toner Ty The voltage aovoss ferminal TMy agd T were measured 1o be FLEBIV do
which s reasonable enoagh. This veltape 15 necessary 0 stant the penerater and then keop
it dgnition, These vesults wore obtsined for both the manual and avtomatic operation of
the generator, The starting of » car using the ignition cireuit is also an indication that the

-
§

LR can operale any genergtor using a 17V de battery,

The over vohiage and under voliage fevels are
Orver Voltage 230V AL
Umder Voltags 170% AL

The change over systom alse operates as destred with a loading delay time of 5 Scoonds




CHAPTER FOUR

COMOLUSHIN AND RECOMMEMNDBATIONS

4.1 CONCLUSRION

The construction and testing of this project work was successiully  caried  oug,
appropriate corrections and adjustments were made 10 ensnre thet the deviee works a5
desired and the expected results were afterward oblained,

The testing of the tnit with a vebicle prove that this progect work will operate a peneraios
aet using 12V do Battery efficiently. The problem encountered during this project work

was in getting a de relays with the required number of contacts,

in conchusion, the aim and objective for which this project was carried out was achioved.

4.2 BECOMMENDATION

Footrongly vecommend that this projest should be mnproved on to carry higher poser
satings. This wan bo dows by replacing the plant {eontactors and breakers) with the
required ratings,

Also, any student or person intending to carmn ¥ ot s prugect in future should have sound
knowladge on the principles of operation of refuye, contactors and Thrers, 1 also

eecomnend that the phase sersing NANDY cireott should be mibsiatirbved,
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APPEMNIY §
L.ist of componenis.

%o PR 201y Vrammformes

066 Bridge Beotifier

¥

0= Pt 35y Capacitor,
Ly baul 160y Capacitor,
Ry o= 208 Resistor
Ry 58) Besistor,

Ha1 = 543k Resstor,

Ha o 30k Resisiorn

RLY&RLY, = 12w, 54 Minianwe relay.
ALAZLBIEE = 020v, 104 AC refavs
SWIIERW? = Industrial Pushbations
Bchp = 12y, TOA Minjatine relayy

Fy e e B0 Timeyr

Fow 22800 AC Thney

Bk = Three phase panped Broabor
¢ by £

RAGS = T 1A Contaotory
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