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ABSTRACT 

The demand br uninterrupted pO',;\,'cr supply in Hvery orqanlsnt\on \S 

always verj high. The incidence of frequent rnains failure in Niqedn. \b.;hich C3n 

The fu?vJion of this systern is to sense the ~)upplY rna!rn fal!ufe, and 

initiate the cenerator f.)o1enoid to stnrt the (Jf1neratr)f and load it 'Nhfmever there 
~~j .. 

is fallure fronl the mains. 

It also senses the rcstoratbn of the mains after faHure and swikhing it 

operator Dr skHl !abf)Ur. 

In the realisation of the circuit that wiB perfo1'1Tl !his fundion, two logic 

gates !es. wem deslpned by the use of /\ND, NOT and N}\ND loqic qates to 

carry out the \oglc control of the systmn. Uqht F:.rnittinG dlock:.s (LEDs) of vadous 
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CHAPTER ONE 

!NTRODUCTK)N 

,1 BRIEf H1STORY OF CHANGE ~OVER S\flnCH 

Over the vean~L the chanqe.cP/';:H switch has bcon ".!Vide!v used for both dornestic 
~. ~ ~ 

inQustrbl purpose. Bdon::? the introduction of the eieciro-rnfy;hanica! device k:nOV'ln as 

mechanical device used for this purpose of ,::evinq a circuits from one set cd 

to Another is called CH/'J··JGE-OVEH S'j\jlTCH. 

A!MS AND OBJECT~VES 

of this project wm\!s to desiGn and construct an 

electronic device usinq loqk; urxtes sequentiAl control systern that b capable of 

carrylng out the fo!!oV''ling funcUons 

To sense the faBure from U18 nV!!lns 

To initiate the qener-ator solenoid to ~.;tmt the generator 

To load the qeneratm. 

(iv) 

tv} 
To direct the circuit from the (!eflBralor to the n,ains (NEFA)fg:pin - ~. ~ 

{vn 
<. .' 

{if Create emdency and reliabllHy 

(H) Time saving opemtbn 



(iv) No Murnan Intervention is roquirf~d 

(\d) Porfable 

There are 50!1'!e dHtonwt IoOic nates that are belnq used in the des\Fl of the 

Al<.lD GATE 

/l, ................... ~ ...... f .. -··········~···'"····'·' ... ", 

~~·········I .;} ... ~, ...... . 
R i 
~.... ~ // 

L ..... _ .................................... · ...... ~ .. ' 

NOT GATE 

(b) 

T FRITH T /\BLE 

!NPUT! OUT PUT 

··/<··~·······n···~··t··········~············· .. ~······. 

() I CI 

l~ I ~ 
·1 I 

o 

1 

TruU1 Tab!e 

...... .!NP.U:[~·······l·····~·········· .. ~··Q.tXIPUT 
o l 

,~! "1 0 
j 

Truth TaUe 

.. I.N2U.I. .. ~ ... .1 ......................... 0UTPUT 
i 

8 ! 
<,j o ,1 

:: ! ~ 
{) 

o 

i, : f.! ! . 

Th:~ methodology ()?-nploycd hr the desiqn of tbis wCik is the Tc"!p··down hierarchical 

hUie desiQr1. This methodology' consist of logle leveis as illustrated. 



r··········· .. ····· .. ············ . ·········· .. ············ .. ·········· ..... ········ ... ·1 

: c""TI">'1"""""'lr'('\n"" ! l ... :.).: .. ~ ....... :.:.~: .... ~~tr!·;·t ......... l ... :./.: .. ~ .. ~.\>'.::':< .... j 
........................ t ........................ .. 

r;~·YSl [\1 fJFSrC;N ............. , 

1 . ........................................... ( .................................................. ~ ...... . 

, ..................................... i ........................................................... , 
j 1 {'l{"if' ! .. >l.>.·"· '( .... '.,?, ... ; 1 ," ..... J.. '. 1 .. I 
; , .... ~.....................MT .. · .. ·· ........ ·~ ........ ·N ......... ~ ..... ' 

r······ ... ········ .. ·· ......................... 't .................................. ·········~········· ..... ········· .. ~··l 
! 1/'! .< V'C',I 'T' :\ N)l'l '"!Y'N' , ...... , ,",""":.j ... ·Y.,,·\l,: : 

~ .... , L../\ : ..... H ... : ~ j-,\: ..... .t" ~:. \ .... t): '';:: ~~ L: ..... ~ g ... no.; : 
1 l ......... '~ ............................................. ~ ..................... ~ ................................... ~ .......... ~ ... . 

r········ .. ··········;:·:.:::.·I3;:~;;·: .. ;<:I:·[(·,-;:,:;····· .. ···· ............ '1 

I.. ....................... ': ....... ~ ..... : .... : .. ' .. ' ...... ~.: .. : .. ' .. ~ ........ __ ... , .. ..I 

, .... ~ .......... ~ ................... t .......... ~ ..................................... ) 
l .. =)~~~I(~'~,rlc::'J~()I~~ ...... _1 
, .. __ ~ ................................... l ......... ~ ........................ ~ ......... o 

I l'!:;"!n:n;:)\··j-\}·:t"'v ·"'}.,'·,\l V(~!,: l 
~ ~ ~ .... i" ~ "/'~ '<. :: ~ :. (" .. :."-.: ...... ~_ .. f .. :. "< ! ~ A. ....... -'.= .... s 

j i 
• •••• ·~_, ............. r.· .. ~'."" •••• _ ........... __ ._ ........ v ...................... _ •••• _ ... ~ •.••• __ ••• ~ ........ _ •• r .... ~ 

FIG 1..2 

H has one output 

End one or mom inputs. The output slgnElI appears only for ce!iain c(lIrlbhations of input 

arB bum up. These Ionic p810s include 1\\\,11) ;Jato, OR qate, NCT gate, Nf\ND gate and 

the rest 

These circuits cAlled (1ate:~ are blocks of h<~rd \NClrC that nroduce a !oqic-l or lockA) 4 I _ y 

oulpur signa! if input logic f'equimment3c are satisfied. 



(a) Digaa! circuits 

{b" """! . . 't \ . ..,} ;;'ViiiC;ling urcw s 

(ey Logic drcuH:s and 

(d} Gates 

DigHal circuits are invariably constructed v.;ith inteqrated circuits. An integrated 

e!\::ctrfcal components such as i.rsnsislors, diodes, resistfHs, andUlpacitors. The various 

Tho chip is 

mounted in a metal or plasUe package, and ccmnecHon aro wHic.!ed to exi.t~rna! plns to form 

tho iG. integrated of detachable components in that individual cornponfmts in the Ie 

thmugh the Bxternal pins. 

price and easy instaIlBtk:)i"; on drcult bomd. The nrrv'(;)ope of thH Ie package is made of 

from 8 to 64. Each Ie has A numeric desiunation printed on tho s.urfacG of the package 

for identification. Each vendor pubHs!les a dn!.a book Of catalogue that provides the 

t.-' ... -.... ---- ... '-.......... '~ ......... ~ ........... ~ .. -- .... ~ .. -- -·-·· .. ~········-·····4 
,\ \ 
r \.. :. 
i . >""-"---:::t 

~~~~~ t~~ t: t----.-..... -~ ..... ~ ....... - ..... ~.~-' 
··~····~···~···\L ...... -~~ ... ,,_ ............. __ ........... ~ ....... ,~ ...... ".~" .. ,.J 

(a) 

Fig1A 



rr:9.ke 

To qunlify as rnedium,scale inteqratlon (t\lSl) devb:.:, the Ie nlLlst perform a 

k>gic function and have a cornpli::ndty of '10 h> 100 gatus. /\ larpEH9caie 

There are 

integrated circuit logic farnilk;~; um be divided into broad fjmups: The bipol&r and 

the Unipolar (v;hich is referred to as the rnetni r;xide sernk;ondudor (fADS TmniHcs), Both 

logical bnhaviour of a functimL The bipo18r families arc [lased on t!H:~ bipolar transistor 

RTL HHS!s\or~ Transistor Loqic 

DTL 

TTL 

Emitter'" Coupled Logic 

12 L 

p MOS Logic 

MOS Lowe 

MOS Logic 

Compiementsry rnet81 oxide,conductor ioqk uses bot.h F) and U channels in the 

same dn.:.:uits, It is faster Hwn PrAOS and N~v10S and requires considerably less pmvBf 

operating speed. MOS circuits Gin operate off a \.vide moqo of supply voltages. If CtAOS 



bebG used along side wilh TTL, a 5V supply would be used, However, when used 

it wiH operate satisfactory over the rnnq8 01 3'1 it') 20i!, 

n has a \NidBf ranqe of voHaqe fer cpernHOl'L (3v'1Uv) 

The disadvanlages of CMOS !e, are ttla! they do nat operates as iast as TTL 

Ana, because Ihey are designed to opmate on very minute currents, they are not 

d

' th t::~' , ~' t -!: ' .", '!' , can, "mage ,,,em, ,or "n$ re8S0n" .ney mus, no. De nanG"'O unless speCla eartnmg 

The 74()O series of Iransistor transistor logic (TTL) was Introcluct1 by the Texas 

Instruments in 1964, Tho principal features of 8 TTL gale is a multiple emitter input 

tranSistor thai is functionally equivalent to tho input did"s in a GTl circuit 

speed and power consumptiQ(! standnrds some of the available series include the 

fellowing: 

(a) HIGH SPEED TTL (7A HOO SERiES) WI"He the circoiicry is basically the same as 

the standard TTL but the resistors within the circuits have been reduced in values 

re,u\\ing in (asler switching at the expense of increased power Gonsurnphon, 

(b) LOW POWER TTL FALOO SERIES) Where tire resistor values have been 

increased given f,,<luced pow", consumption ,,1 the expense of Large' propagation 



SCHOTTKY TTL (74S00 SERiES) \N!wf() there is a schottky barrier diodes 

and high resistor values lead to lo\,v Pf/\,,'Jer consumption, but the reduction In speed 

The pClrpose of ihis project is 10 sense the rnnins fdllu1"(\ and initiate the gerH:~ratnr 

senses the restoration of the mains nfier f8i!Uf0 and switchinq back tc~ the rnnins and 

In the desiqn, hvo logle gate ICs were obfain£-:d by the USf'? of AND, NOT, and 

1·!· .. ;t..~ ~<I~~ck (~;~{1'-arn "f I}.,,,,, >'::,V"-iem is <.··\-'f:\.~/l'> ir~ th:;, Fin Ai' Fi ~ ....... t;:: ..... ~ .... ~~ JI.$~~::..-1$ ~ t:fC, ... :; . ..,.~ .'!" ", ;.'"S~~ ..... ,~?:f .• )~.h/, ':j .~_,., 
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CHAPTER TWO 

2J:) SYSTEM DESiGN 

qf..,t RX"!'j0F't(.~.d !n hA off tr',A ~,)~( :~n\i rn·qj ,h) ~ ,,\,.;!. ~/ ... v ..... ~ " . .F .'~"" ) ..... ./ ~. l .. / ........ ) • ... !t~~} •.. ~~ . •. .: ..... , ..• 

The design of f1 eombinaticna1 10q\e c](c:uit begins fmrn the vert}8! statenvmt or 

outline of the problem and next is a loqie circuit diaararn or a set of Boolean functions 
" '.'. .. ... 

from which the logical diagrarn can be ea':'.>ily obtainHd Some d the pf8GHca! steps 

(a) The problem is stated or out!lncd 

determined 

The truth table that define the n:~quirm\ relationships hetv:!flen input and output is 

defined. 

It consists of input GoLnnrs ':::md the output ccdurnns. !n U"!e 



The is and Os in the input colUrnn nf!.': obtnineci frorn :2" hlrw,y cornbinatlons 

avaHable for the four input vndables The binnry values fen the output me d(rtenninBd for 

The nu\put IS thorefore either START GEN, LOAD 

Thelruth tAble is IKhvever ShfYNP ~n the table :;lven he!c)'v'.} , 

Table;/,1 IRUIHTABLE OF THE SYSTEM 

INPUT 

~v ~ : 4~2 ~ (t .. y- J ;Pc; 

O r ~ 
" 0 f1 

~, 

T'T·V~·r ;;;, ; /-\1"\ , GEl-,J, 

\) () 0 1 LOAD (?EN. 

0 (: .,' 1 n ,; START "" r'N t .. /~;. ~ 

(} 0 1 '1 Lf)/\[) ClE.N. 

a 1 (} () STAHT GEN. 

t) 1 0 
., LOAD CEi'oL 1 

0 1 0 START GEN. 

0 '1 '1 LOAD GEbL 

[) n v 0 ST!~f{T GEN. 

'1 G {} 1 UJAD CEt'l 

1 0 '1 (~ 
'.! STAHT GEN. 

1 fl --' 1 'j t()/\[) CEN. 

'1 1 {~ 
\.} {} STARTCEN. 

1 'i 0 .• t_O/\D GEhL 1 

1 1 1 0 LOAD NEP/\ 

'1 ! '1 ., 
1 

-.--.-.- ......................... _- ............. 



The Bumrnary of the output of the circua frum the truth tabl0 is 

Load Gen. 

Load NEPA 

From the truth table above, I.h(; three r)"lases of the mains are assurne~d tc be one input 

Tab!e 22 

.. 

CENEHATOP 
----"";" ----.- ..... - .... - ....... - ......... , ... _-_ .. -.-

OPERAT!()N 

o ST/\HT GENEHATOH 

LO/\D GENEHATOR 

o LO!\D NFP/', 

.... _- ............. - ..... - .. - .........•.... - ..... -_ ...... _ ........... -.- .... . 

T11~"). ::1bn\ip ~a-h\c:. q!>,';,<<: t·h/., ~'>J·'-l~ny:.,ni rrf lh.', '-v!p'·-::.~:'r'rls it": !h{', fn i~h h''''') 1(.' ~., .... " '.'''. , .. ~'V'J ~ v ....... · ~}.';;' .. J .. " .(~-; ·v~.~ ~",(:;:,'f ......... " . .1' \' •• ~ •• ••• t> .... ·,.< ..... ' .. . ~ ... "~"'" .. , ..... ~~. t( . .)t ' .. ". 

Fig 2, l 



The above expression can bs re '\VrH0 8S bilows 

!:he generator 8utornatlca!!y. It con be semi !i:m thH generator is !<:)w for aU through the 

From the truth t8bls gho\lvn, thc: }<am8uqh fviap for U'\e !ond uenerator output is 

shown in flo 2.2 . ./ 

Fig 22 K -tvtap rOf the load ncnBwtof output 

Thn Boolean algebraic Bxpression for the Load qenerab)( output c>f the K-Map 

abOVB IS obtained as ghown behw. 

1 ! 



When the Boolean "xpression above is satisfied from the logic c\rcuiL the circuit 

It can be seen that the generator IS hiqh for :an 

Whe" this Boolean expression oGcurred, it rrwa"s that the genera!o, off (md the thm€ 

> f t> > pnases 0 rlf~ mams are on> 

an: ON and the generator is alsc) ON, 

111 the realization 01 the cirCtllt ttl,;t wHI p",iorm this function, two logic gale leg 

The operatio,,"! logic diagram of the system is however drawn based 011 the 

dorhlatlon of the truth tablo. 

In realization of the system. aH the functional blocks of this circuit am integrated 

design came inlo ""alily ailer going through Um normal pmcedufH for designing a 



from the loqic gate ()bta!no(L the ~:;0\edjon of lCs C::1f'! then bE-; rnnde. Thr(:;G 

_. input NAND gate exists commerc,al!y as QUAD 3 - input NAND gate e.g SN 

Similarly, there are 2 ... inpUI positive AND gate named SN7408 (IN) for 

CMOS version and as Si'-.l 74LSOn (JH) for TTL version. 

l",ppendix. 

After the design of ItK' log,e ICg and tile seieelion of the ICs are made, the 

The drcuit diagram is shown in FI(J 2A which shows the power supply unit of the 

thn output 

The three NEPA phases are stepped down through step<lowJ) transformers to 

stepped _. down to 6v dc. An external 6v de source is connecled to the system to power 

the tCs, 

has its OVin step-down transformer and also (he ge.nemtoL 

The ""tou! volta,,;) of eactl transformer is Hltered usinq two IN4001 .... diodes. ,~ . . ~ . 

a lour 2Gv capacitor and btJo1 !~. ohms .... resistors. 

In the power supply unils, a total of ei!)ht diodes. fOllf capacitors and eight 

resistors wBre used for the design to !liter the output voltage ()\ the transformers 

which also ad. as the Input to the circuit. 



CHAPTER THREE 

CPNSJRYC'UQN1 TESTiNG,ANDRESULJS 

In this project work, before the components v"ure finally snlderO(i on PCB, or 

Vero board, the circuit 'h'3S wired on n bread .-~ bO;:{f(L This stage of the proJect 

spaced to accommodate ICs or ether ccrrmr.:ments nnd {L.iSU8Hv SOrl"!e ex.tra rows for 
• • { '. '.,1' •• • 

distrit)uting power supply VoltaGes). 

constructing pmmanBnt versions. 

The board which was USt::d for Uw final wirinq of this project work is \lem board 

construction of this kind of project vvork. It is made up of a thermo"s!:.~Hltlg rnateria! with 

one surface coaled with copper materia! to fmhance conducting and f.wsy soldering of the 

components. It has holes in roViS spaced to 8cconlmodnte les or ether crHTlporwnt as 

After pClsitionin9 of the Gornponents (m the vero bC;.HT.l::y·, provided on the 

schematic diagram as shovm in Fig 2.4, The Joining of the legs d the cornpommts was 

rnade using the soldedng kon of raUnQ GOwi22.0v and sn!dming lead, Most of the 





work Borne of such circuits indude the foHov<Jing: ffLlins fa[)ure sensor circuit, Dolay 

circuit::;nd aB these circuits 'Nero not incorporated in this wor};; for time and economic 
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the ratinG 2Gv'.f .... ,iO w!2?Ov 

purpose of ventilation. pow"r indicaior lamp :me! !iv) '0" of the ot}ipul LEDs, 

,~' '·'·1 
1"'19 j. 1 

tl1e basic principle of AND and NAND 981" twth tabie, ThH ",ason bemc thallhe circuit is 

,.' ,~' m. --.' '!'><1[\ .j , ' 'l! f···' 'I! .,,>. 11lgn t ,), ror a ~ _ Input ,," J gae '''' ou,put WHo (",.y (.r', "'go (. ) W""'" "" (118 Inputs are 

high (1). If for any reason, any of the inpuls low (0) the output wiii be ION (0), 



Having gotten the basic pr\ncipi(~ cd the AN!) ('lnd N/\J-lD nate opermion, we CBn 

nov,>, go ahoad to Gxpbin fhe v.forkinq principle of Hw'> 10ql(; circuit \Nhich l~:; designed using 

(:3) 'vVhefl the mains is rf-::slon:d, the' load is irnrwxHately transfc·rmd to tile rnains 

(4) V'/hen the mains 18 restored, atter a predetermined period of time, the: generator 

VVhen the 3 ~. input {Le 3··· phases of the r:lains) of the Nhi'·JD GAte of !C~: aw 

started or initlnteri but the NEPA 'Ni!! f,liH hi:: !o~·.HJcd. 

(>uiput of the NAND nate at pirt G e,f the Ie,. wn! corne high (1), and since the low (0) 

nennrator to sl?'''t tho Qenerator. ~ -.' 



('1} because either one of the inputs or Ed1 the phases iow (0), the ()utput becomes 

1) and invariable. the output of that 9;11.8 at pin G of tho Ie;; wiH be hiqh (1) and it vvil! load 

Immediately the 3 ~ phases of the m8lns (Le the :> .- inputs of the t'H-\!"JD gate in 

Ie., ) are H?: f.-;to fed , the output of the qate at pin G of the lC1 \t/iH go lovv (0). Hernember that 

genen.'ltor wm go off because one cd the input is 10'1>1 ({}}-T he output of the hlf\i'E) gate of 

F>l, vIm be khV (O} as a result of the restoration of the :3 ~, phases of the mains. The low 

(O) output of this pin 6 js now lr;verted usinG an inverter, !his rnakes the signal high (1). 

The b,,',! (0) output of the generator which feeds pin 1 (} of the !\!'·-JD gate is f.<quaHy inverted 

output of the AND gate which is pin H of the Ie;; '.,\lill be hiqh (1) and then L.O/\D I'·JEPA. 

The operation or the stop generatu:- cor-nes hnrnediately afwr the f'..jEPA is been 

loaded, The ty.,IG bputs to the /'S'iD pate of the !C2 are: The output of the Gsnemtor 'Nhich 

IS hklh (1) is fed into the pin 12 of tlw AND oatH of H"1C lei and the SeC(Hld is the inverted 
~",I! ,I 

output of the pin 6 of !C1 \5 equally high (1 ) is fed into the pin 13 of the K>:, Tile output of 

second solenoid of the generator to cause it shut --~ Ch}\Nn. 



The (};..ltput of tha systern is indic8h':id by Light Ernilting Diod.;}s (LEDs) of various 

The system '~vm start {he gfwier8tor whenever at loast one phase {fern trK) NEPA 

mains is off and the generator is Hlso at off siato, 

It wm load thE3 generator after cx:.:riBin seconds tho genorator has beef! started 

and also v/hon at ieast one phase from the mains is stili on. 

The systern ~vm stop the genefator after there is restoration Qf the mains from 

output of the systern aftor the 

broadened my practical knowledge of pOliler electronics, It har; equally increased my 

it gave rne an opportunity 

8nd as far as rnodification of this project is concemecL 

There are some other circuits th,A can be incorporah?d Of attached to the 

outputs of this particular circuit to obtain perfection of the opefation of this project 

"Nork SGrna of such circuits include the foHcx'.vlng: rABin::;, failure sensor circuit, Deby 

this interesting viorl<, it mOj interest you to f-:now that the ccnstrucUon of ail the Circuit 

:.w 



In the course of rny construction especially Ihe first stage of Ihe circuit which is 

power redification of the in coming NEPA phases ;nlo the Ie, , the phase II developed a 

problem or ncl giving the coned voltage al the expected points. This was later 

diScovered to be a break on the vern board and no! with any of the components. ThiS 

Another was the non _ availabi\itv of sorne GornDoneflls wHIm rnv reach which v ' ... 

cornpa\!w rne to travel outside my area for the components and invariably increased the 

cost of this project. 
time was no! enough far the research and the practical tests in Ihe 
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