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ABRTRALT

in Migerin foday there bad been o probleom of consiant power fallure which i
affecting many industries ssd frw in production and mansfacturing of gonds and services,

For this reasen the desipn and construction of a device which will minbnize thix
power Fatlure {o an exfent is carvied nut,

The Automuatic change vy switch is o devios desizn to switeh from the uiility o.g
NE.PA to Generator when there s power fallure from the wiiiity and ¥ will switch back
fo MUEP A when the ofiity s on,

The process by which this perform its Tounctions Is by means of relays which switches
aar aontd o Agtomatically,

This project explaing in deinfls the operation of the sirouit angd other Sy 5o

invelved,
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Phe yee of grneralnrs pow come nte foous ay an atternative to the power supplicd

hay the utility {Mational Tlectric Power Antharity, PLEPA, iny case of Wigerianh Generalors
can be switched on sither munually oF by sutoyantic means, 10 SLTYE as s alternative power

Gource on the {allure of poswer supply from the oiility,
Switehing the generaloy sanmally, howevers, 1ias ihe dis-adeantages of hedng tasking

and time consnming, gspucially if the penerator 36t i toraled some disiance B¥aY frony the
point of usage pwieh is ot uncommnny, Henoe, ite need 1o dosign an sutamatic change-

aver swilelt,
From the dMelraw tn Dictionary of Sdenee st technicsl ferms, 8 changs over
switeh e defined ns VA means of moving a chreuil from one set of connection 16 another.

from this definition, i fplies thal an Automatic change over gwiteh " A means

of moving a ciroplt from ong wot of vonnection fo anothey by automatic mygans”
The sutomatic change 0988 cwitch reguires no human offort us compared with the

manual change over switeh Thic makes i less rasking (sinpe an operatey would not be

nereasaryy and time saving as switching conldd be achieved within few sponnds,

Biany antnmatic change over seritehing designud previpusly are uity ERPHEATEIVE

Beeanse they incorporais the use of high vollage cemtariors and relays (o achieve switching.
However, this project was destgned and ronstrucied in ordey 0 ninhmize cost by

using Iow voltage §3.0 relays and st ackieving higher efficiency.
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¥ig, 1.1 shows the block diagram of how the sufomatic change-over switch i3
connected 10 both the gensrator, the ulility and the Joad.

1.3 PROJECT OBIECTIVEAIOTIVATOR

The aim of this project is to bring to g ball the nllure of power supply 8t any tme
as this affect wmany activities in indwsiries and copnpercial centre,

This con be doune by the connection of this project desipn anad construction of an
Automatic change over ewitch in bebveen the uiility and a stand-by Gensrator. 3 will be
oheerved that durbig MOE P A failure there will be an Automstie swilch on of the gensrator
to supply electricity and when NLEPLA i on, there will be a switch back {o utility; by so

doing thore will be constant supply of sleciricty,

a4




This s what gave the hmpetus to design and construet the automatic change aver
switch which would solve the problem of manpower and the danger that may likely be
envoumtered doring sperations In hospital,

Subsequently in this project Is planned to use power relay but # s not avatiahle. In
view of this. § then wsed o (2VDO reday which involved the use of transformer and
rectitication process. The issue of transforer and rectifivation would not have come inte
play i were power relay since the power relay can withstand the AC supply directly,

Based on this praject, the maxbuom power rating capaclty was found to be 2.4
K‘;”,eiv This shws that a generator of power rating ranging from §.24KVA - 2.4KVA can
be used for this project; Since voltage and current rating from dats beok was found to be

24YDC and 10 Amperss coniact rating of the relay respectively,

(921




CHAPTER TWU
THEGRY OF QPERATION
2.4 SWITCHING APPARATUS FOR POWER CIRCUTTS
DEFINITION: -Switching apparalus Om he defined as g device for opening A
closing or for changing the eonpectinns of a chronit,
The classification of switching apparatos i this seope include switches, fuses, cirnol
Wreakers and contactors {3

However, e focus 15 on switches sinee i applies to this project.

250 BWITCHES:-

The types of switches normally applied in power cirenlt inchutder-

i, Isisconneciing
. Load interrupier

i, Safety switches

jv.  Transfer swiches for emgrgency powey

i DISCONNECTION SWITCHES:-

o wsed for changing the connection in 2 cirouit oy for isclsting a clreoit or
eyuipment from the seurce of power for all voltage classes, Interlocking is praerally
provided o prevent operativn when the swiich is corrying current. Latvhes may be
reguired to prevent the switch from being opened by magnelic fm‘e:ef«;‘amzﬁzr henvy fanl

curvenis,

3




i, AN INTERRUPTER OR LOAD-BREAK SWITCH:-

Thin is penerally associaied with anit substention suppled from the primary
distributing system, it Is a switch combining the Tanctions of disconnection switch and »
lond intervupter for infervopiing, of rated voltage, vurrent nol excecding the continous

cuvrent rating of the swilvh,

200w
prece)
Qs

L BAFEYY BWITCHER:

For service of 60V and below, salety switches are conmmonly wsed. These are
exmdoraed and may be Tosed or Infused. This type of swiivh is operalable by g handle from
wurside the enclusure and I8 5o inferlockesd that the enclosure cannot be epened indess the
switch is open oy the interlock thereafier is operated. The application of used enclosed
switvhes is Hmibted 1o a corvent nof in exoess of 80% of the curvent reting of the same switch

without fuses,

iv. AUTOMATIC TRANKFER BWICHES:- OF double throw construction need for
sergeney and standby power generation systems. These fransfer swifches do not normally
incorporaie over curvent protection, They are gvailahle in rating from 3 in 3060 IS,
For velinbility wost automatics transfer swifches valed shove 100A are mechanivally beld
and are electrically speysted from the power svures to which the load i in be transfered,

Thess switches provides prodection against Yallure of the uiilily wervice, In addition

to wiility fatlure, continnity of power to crificsl foad can also be distropied by,




. A open cirenlt withia the puilding area on the load side of  the lnconung service.

b, Crver load or fault condition,
€, Flectrival or mechanical failure of the plectric power distribution system within the

building {3

55 REGULATED DO POWER SUPPLIES

T the A.C source of 238 volt is to be used (o power a 12 volf Automatic change over
switeh or any system, a special device i reguived fo convert the 230 volt AL to 12 volt BLCL
Such g device i calied 12V power supply.

3 s worth mentioned here that the type of vegulated DU power supply used for this
praject is one ncorporating a step-down transformer of 220712V ratings, & bridge rectifier.
"used to convert g positively and negatively swinging voltage seprce to a varying yoltage
souvee whese volinge i always positive, Fig 2ia) shows the resulting suiput-voliage wave
form when the input voltage fo the rectifler Is varvying sipgscidally, idea diodes are
assumed in fhis case {4}

A capacitor to servie as the filtey placed in paraliet to g rectifying diode see fig. 2B}

¥ i axsmmed i this case that the reader has a reasonzhle knowledge about regulsted
0 powsr supply as it will not be discussed In detall i this report.

The ouistanding feature of 2 regulated LU power supply such as the one considered
snd shown in Hs entirety in By, 2o} s that the output voltage, Vo fv insensitive {0 most

cirouit -parameter variations tiat siphd seourid]

fted
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The most common EME (ype are as follows,
i, GEMNERAL PURPOSE:- Desipn construction, operations) chavacteristic and rating
are ailaptable to g wids varisty of uses,
i, LATCH M- Contact jock in eiiher the energized or de-snergised position unii resed
gither manually or electrically.
i, POLARIZED (O POLARY- Operation ik dependent upon the polwrity of ihe
euprgleing current. & permeanent oy mugnet provides the magnetic biag,
i, IMFFEREMNUCIAL- Punctions when the voliape current or power different beiween
s maltipls windiog reaches 3 predefermined value,
{thers {ypes include, Telephone, stepping inderlock, seguence, e delay and
marginal relays {5
The swhrhing system is 3 devive In the cirooll that is operated automatioally. The
contact of a swiiching device 5 operated when current Bows through the coll, this result
in the attraction of the armature.
The countact Tound in the relay wsed in this project ary
i, Mormally close contact {NO)
i, Normatly open centact (MO}
In this design, five (5} veluys ave nvorporated for use Info the desipn for the purposs
of switching.
The relayy wag used to aliernale NEPA and geoerator,
When NEPA is supplying power, Belaye 12,3 and 4 are spergized and thelr vontacts closes

o the mains termdnal for the sopply of slectricity to the load, A this time, the contacts on

ot
ik




nerater terminals are ope

Viawever, when {here 1wttty fatlure from MEPA,

the ge
felays 12,3 and 4 du-pnergized,

{singe no current from the vectified O source flyws into them) The contacis of the
g result of this and the coniacts of the wiility o ave

generator jerminal are glnsed as

apened,

Sge the circull disgram in Fig 3.1
The elecironic push gwitch will thesn start the geacralor and s supply will only e
by the relay comeerned, This progess s called an

aflowedd to pass throug ohy the load

 Antornatic change over gwitching”,
The relay psed have ratings of 12V and 6.034 for the coil detall and 34V, 184 for

ihe contact dotuti.

2 4, BLECTROMNC PUSH SWITCH
The cireull of the electrounie push switeh ennsist of two velays finbelied 4 and 58

apaciter €. 8 recistor B, and g battery.

The diagram ks shown in fig 2.4

epvy (elddie & HT 1
' G ﬂaf;zﬂwf

e

R

u §ﬁ |
S I Ao
4 . ‘ o i N

Fig 2.4 flerironic push switeh
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It shows 2 relay {5 connected in series with » capaciior, whes the contact of relay
(4} ponnected fo $he battery closer,relay § will close smartly and then open after few
secomds through the contact of relay 4 still remaln clused for the supply. 4 resistor, R. s
connected aoross the capaclior and relay and o series fo ground {Le OV} {o ensurs Tast
reseting of the systens.

To understand this, lof us consider a very shuple drcuit with a resistor amd 2
caparitor in pavaliel driven by 2 current source as shown in Fig 2.4.1 and assuming that
the seurce current is consbnd, § (8 = [ Initially, the curvend s poing fhrough the short
cirenit, but af the tme § = {o switch s mnve from position 2" o position "b” and the
cureent start of fow into the parallet combdnating of the resistor B, and the capacitor
the capaciior beging to chorge.

The pod across € opposes the applisd pod, The differeoce between the applied p.d
and the g aoress € is that which determines the chorgings current, and this beging fo fall
in value a5 the p.d acvess O fncreases, When the p.d acress U squals the applicd p.d thelr
difference is zero amd no forther current can few, Hence, the capacitor is considered fo

be fully charged.

N

i

~ _

 —
Fig. 2.4.1 paraflel B circult driven by 2 corvesd sourcs

ot
Ry




Basesd on the principle disrussed, 8 oAy understanding of Fig. 2.4.1 fpllows when
g the

the supply I8 complete, the current which flows {o enough o friggey the relay sine
capacior offers Hithe oy no cosistanee 8t the pegining, The eurrent heging i decrense a3 the
capacitor charges ¥p and eveniually, it drop Lelow the holding curvent of the refay.
51 this ciroull, the holid-on Hme of the velay isthe tipne constant {13 of the BC cireut

which s,

T RE N spepnds

For the purpose of this design, 2 speonids was chosen far the hpld an thne af the relay after
which the contact connected o the penerator s mgnition ppens ihic ensures that the fppition
coil does not get burnd due 1o profonged current flow. Within this time, {22 geconds) the

generator sheuld be i aperation.

et
j&al




CHAPTER THREE
BEXIGN AMND COMSTRUCTION

3.4 COMPOMENT DESIGN CALCULATION

31,1 THRAMSFORMER DESIGHN CALCULATION
The trgnsformer needed for this praject B o step-down transtormer of 230712V,
Considering the power of exch relay, the maxhmon coil current that will be drawn
by the relay becomus,
Yo R

Where ¥V = 12V, B = 408U

1= Vo= 42 =0.0034

B Ly

2z 3pmnds

The power ratings becomes

o= VEw 12V 5 3mA

= gp 36YY

Since there are four (4} relays connented on the power supply side, the power drawn by the

refny becpmes

P o= 4 ox 0,36 0 144V

For a power factor of 8.8 and safety factor of 125

8 =08




8 = ¥ Cosd where 8 is the complex power In VA
S o= 144 x 0.8
= §L52 VA
With the safety factor of 125, the transformer’s VA K
$.152 % .28 = 144V A

& transformer of 144V A {or of higher vating} s nesded for this design.

312 RECTIFIER DERIGN CALCULATION
A diode of prall inverse voltage (PIV) rating of 188V was chosen as the rectifier.
From the dats book, the diode {ype used is the INGGH2,

The demand dimde have the following parameters

TYPES IN 4042
Maxbmum reverss Vollage (VB maxg = JOY
{ontinous forward vollage = {8V
Peal forward veltage =2,3Y
Max Beverse curremt (B maxd = 50us
Coutineus forward Current = HHbmA
Peak forword current =354

et
ey




:%.‘4 BRELAY DESICGN CALCULATION
The vontact dotadl of the relny & found in the duts book [}
grinted cirvull Beard (PR} wmounting mislature relay with single pole change-over
gntacts reated at 194,24V .D.C col voltage is 12Y. The relay is Tully zoaclesed and contact
ve silver,
Coil detuils: 104 coniact ratlug
MNoprmal voltage: 12V
Coit recistance: 4000
Opergting voltage range 5V - I8V
Must release vollage 1.2V
Using the contact detsdl of the velay, the powser valing can be calenlated thus;
¥ =V
=24 % 1§
== AV
=824, KV A
Lot detalls having the voltage of 12V Tor {he reday and ool resistancs of 4004, the
current vating, therefore, is glven as,
i = ¥ o 12V
44 40051
=834

Hence, the power rating of the generator to which this praject can hamile i 24KV A with

g maximm of 24KVA,




3153 ELECTROMIL pusH CIRCUIT CALCULATION

For the cireait, the rhotd on tin

hy the formular.

T o= RO

Where 1 is the resisioy value i fhms and

£ s the capaciior value i mierefarad

The switching thne pequired is 2 seeands
T = & seconds

The yesistange yalue ehosen alrpss the cirenit i

=K = pne kile Bhm

Fhpvefore the capaciley roguired i achieye

TR v -2
R L
=4, OO

£ = 30l

The praciical circuil closest
in place of the 208Hu{

Gpe fig. 3.1 for the cireutt diagram

o® of the relay fothe {hne o0

andd avinlable conunercial is the

swtant (13 which is piven

the thming of 2 seconds 15

$300pT and the latier s ysed
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3.2 CONSTRUCTION

The cireuit as shown in fig. 3.3 was intially buill with connection to g solderless
bread bhoard, usiog Hexible conunection wives, which gives room for changes (o be made i
meed be oand for errors fo be located. The systom was fested and was functisuing fo
sxpeciation. The whole cirenit was Iatey transfored to the veroboard alse known g5 the
Electronic vard where compopent leads were kept of 5 minimum, to provest gocidental
short cireuit. The fransfer was achieved with the aid of the ciroult Bayour. Hence, the
components were mounied znd soldered to the veroboard In such 3 muanner hat anvhody
Ipoking af the overs! chrouit can pasily idenitly different sections with ease.

In yeality, the vonstruction was carried oud in stages with the 2407312 wolix
fransformer being the fivsd component fxed, The rectifler and U8 arvessories colled the
rectifier clvonit was nest in mwunt, The suiput voltage of the rectifier, powers the relays

by giving i different curvent of 12Voll, which s wses {0 chonge over the confact of the

vefay,
The electronic push switch was mounded ax well,
PRECAUTION TARKEN DURING THE CONSTRUCTION
The precaution faken duving the ronsiruction were as follows:-
i The bread board was extensively used for the tex! construption
i, The power supply anit was normally pot off from the cireult when mounting o

vernoving components during the text constroction i the hread board,

i, The vero bread was carefully checked and {osted for vostinuity,




Be-checks were matde more often to aseeriain the right position of components and
jumpsy wires,
¥, £3ff-target solder splashes ware carefully removed {o svnid shori-vircuiting.

i, Care was iaken during soldering of the component o avold aver heating,

3.3 {CARING AND PAUKAGING

The casing of the project is made of woud which was vsed for the purpess of 8
adjustraents in toyms of is fength or breadth or height ses fig. 3.21 for the casing's shape
snd dimension. Holes wire theveafier, drilled on swrince of interest, the case was
afterwards assembled,

The chreudt was packaged into the case on the hasie of available space. Connections
were luken out of the holes that were drifled sxamples are the power calbile of this project,
the hattery terminal ioput, ignition input ag well a5 the input from the Geperator and the
utility (NEPA) snd the load gutput were connected to three {1 134 socket respectively.
Three Hght emiling dlodes with colours Red, smble and green are indicators for
NEPA, ignition and Generalur respectively,

Far # big generater having pewer rating of up to 28KV A or higher, this profect can
he hnproved to meet B requirement. This Is aecomplished by using high corrent rating

relay,




CHAPTER FOUR

TERT RESULT AND PHISCUSSION OF RESULT

41 TEST,
This project was tested by connecting power cable plug o the socket from the utility.

And alse the sourcs from MEPA to the NEPA Input of the project, The ignition fermingls

wers ronnected {n a muibneter, and @ battery (12VDL) was mturn connected to the

serminals of the batlery input of the project.

Thought 3 generator was nol available {o test with, however the generator input was

connected to anphter 12VDLU balltery.

When NEPA was supplying, the plug to NEPA supply was swittched on, The

ndicater shows that MEPA i3 supplying the losd.
When NMEPA sourcn wias switched off and the NEPA input af the project was

switvhed off, the mulgmeter deflected fur abont 2 seconds aund shen returned back to s

wtial position of null deflection. This indicator that the ignition was made o aliow the

generator supply Hspower. The molimeter’s deflevtion for 2 sevonds and retarning bak

b s original state Indicate the ignition was made smmediately NEPA went off and then dis-

engages the Goporator. This is 1o ensure that the ignilien coil s not destroved due 1o

continous passage of vorrent through i By this tme, it is expecied that the generatnr i5

running and would have heen supplying power to the toad,

By switching on the seeond power {ram another phase conneeted o the prner alor

fapurt terminal, the geseraton glowesd showing that the geseratoy was supplying.




4.2 RESULY
The veal time # ook the ignition {o come "o’ and dis-engage was about f-second.
Teny tent were earvied out and can be seen fo the table below,

TABLE 4.4

MUMBER OF TEST TIME 1M SECONDS
P 1,60
2 1,56
3 .60
4 1,66
5 170
6 150
7 1.60
8 1.6
% 1.40
1 1,36

Averapge s 1.8 ssconds
Thiz was due s the value of the caparitor used sinee there was no practical capacily
of the value 2008micys Farad, therefore 5 2200 micre farad copucitor was used, hence the

resuli,




43 DIRCUSSION OF RESULT

The project has been designed and constructed pel without Bitches, However, 1he

aims of the project was srhigved.

The instiution of Electrical Engineering JREE) reguiation stipulates thats For the sale

utitization of electrical energy, the fluciustion about novmal vollage at anylime must 53128
expeetd 16%.
fn Migeria, the nornmal damestic supply voltape {be for a single phase, lioe o

meutrald jo 220%. By interprotation, i means that the supply voltage is

£X2 =132
160

4+ §3.2% of Y are
(220,135 = 206 .8Y

and

230+ 132 =233.32

The supply vollage i this project, therefore, should he in the range of 206.8Y

approximately 207V {8 233V, From this regulation, chows that the project is safe to be

gpplied to censitive domestic and idusivial sstablishawnt, (On single phase apphance 50

yated).




CALOULATION FOR THE RELIABILITY OF THE RVETER USING

FAULT TREE AMALYSIS
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HELIABILITY: Relinbility of 8 sysiom iz the probability thal the system will
fanction sithin specilied Hmit for at lesst a specified period of time under spucified

envivommental onndition,

~Represent AND and H 5 used for paralie! connection in the Fault Tree

Analysis,

~Hepresent OR, and # is used for serial connection.
ANALYSIS
Probabilily of Batiery fnllure

= b (108001 {10,081

R IR
Probability of Elevtronic push swiich fatling,

= b (0038 {10023

Prohability of change vver falling is
= 001 (18,023

Probahility of change over failing
= (1,049

Probability of power smree fatlure
= {8,1) {805}

= {}, B85

P




1y of Total Faslure

= - f-0.05 ¢ 13491y

= {4854

Fit) which is the Fatlure probabilily of 4 Eystem iy
iy = g.034

The Reliubitity of the SYStent is given by the fornuiar
Bt = 1 .F
R{) = 10,084

Bity = g 945

From this result, it shows tha the system i highly reliabie. Since § indivates thys
Systems is hghly efficlent ang rediable,

From this, the rediability blocy diagram cap by drawy,
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Probability of Total Failure
= fe [EE-0005) {1-04913)

= (0184

¥if3 which s the Failure probahility of a system I8
Fity = $.0854

The Relinbility of the sysiem Is given by the formular

Rty = § -Foy
By = §-0.854
Ry = (.946
From this vesull, ¥ shows that the system is bighly reHable, Since § indicates that
systemn is bighly effivient and reliabie,

From this, the reliability block disgrom can be drawn,
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CHAPTER FIVE
CONCLUSHN AND RECOMMENDATION
&1 CONULUSION

The desipn and comsiruction of an automatic chanpe over switch has not been
withou! s own problems, The problem eacountered were in the ares of the eledronic push
switch since precision ix need for the project to function as expected. B is worthy of note
that the capaciior which is suppose {o be ueed was ool available since there was no practicsd
vabue of such, However, g closer value of capaclior was used benes the reduction in thae
from the time reguired.

For g relay to function properly, there muost be g gond working control unit put In
place and this was achieved by selecting the right value of components while bullding the
project.

It i also hnportant {o kaow the power rating of the generator that is intended (o be
used za an siternative power source before considering the relays to use in designing this
praject. For this desipn, 184 relays were used, as a result, 3 generator with ;aiéng higher
than 2.4 KVA canaat be used slnee this will domags the contact of the relay.

fn conclusion, the purpnse of the project was achdeved not without some difficultiss
encouniered during the construction and festing,

The systern is also reliable with » value of 8.945 that is, ¥ &5 94.6% officient,




8.2 R;?;{fi}?vifvﬁiﬁEZ}&"E‘E{}?&Z

Fur the project to carry 2 higher pewsy rating genersior, the project has to be
modified, This includes the uses ol redays of higher corrent rating since the contact rating
of {he relay is the major determinunt of the perfprmance of the sysiom.

i §5 vecommended alsn that the contact rating of the velay be siighty bigher than the
popuipment i s intended to be used for
Alsg, any studeni of pLIsen whi iz intending to cayry out ihis project is pxpected {o have
Lasic knowledge of electronics anst he nibe to apply them,

1 owill alsn want 10 reeommend that the nomber of student under o particaiar
superviser be reduced drasticaly, this i8 {0 ensure that the superviser has sdeguate (e

1o these studenis and hence propey supervision.




i8R

REFEREMUES:

Engr. 3,03 Uwalp (DFH, MIEE, FNEE Elecirival powey distribution planning snd

Dervelopment 1994, Malthouse press Limied Lapos. 2pp

Sybit P Parker. MeUraw B Dictlonary of Science and Techonical Term. Zrd

Edition, boGraw Hil Bosk Company Mew York. 128pp.

IEEE Recomunended practice for Electric Power Bistribution f’z;f Industrial Planis,
TEEE Rid 14519702,

Micre Compoter Siructares. Henry Do Angeln () 1981 Byle Publication .

2.0, Fink (1982 1975}, Flecirenic Eagineer Handhook, Secomtd Fdition. {0 1982 by

Ric. Graw HiL Ine New York, 28 - 12pp




