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ABSTRACT 

to lX()viJe a suitable prottction sy:<tern to an dectrlca! applim)ct, \vhkh could dr<'lw po\\n satdy 

frnrn either mains or generator \vithout damage The cir..::uit was w~,t~;;d and f{)und working 

pcrfectIy as designed. 
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CHAPTEH ONE 

L 1 GENERAL INTRODUCfH)N 

due to an abnormal volwge or current supplied by Jw power holding comr;any of N!geri<'l. 

{PHCN}, The recent one ,,\~\s my laptop ;:harger \vhich got burnt by' a generator. Based on 

this experience: ! decided to comt up \)'iilb a protective di:vice that would be dfectivt' and 

affordabk~ to dw end user as a \.'otlnf!. entreprtnew', 
'" '" 

The history of dedrical~power t<,:~chnG)ogy through out the '.;vrdd is stead)' and in rec~;m 

and n::!iabk protective ckvlce capable of ::;atist~/;ng the continuity growth in the demand t";.)1' 

electrical energy \vithin the household. 

1 



behaviors as this n';ay !ead to an (unnc(essary) ahs<::nce of incomc, penalty! transmission and 

, I' .. , ,.. . f1(:rsona, <w( (>qwprnent ~t or pnrne llnportance. 

!t should be nnkct however, that the tenn prot<::dion doc'! not indicate or imply that the 

prokctinn equipm.ent can pr~'\"~:nt hJ.ults or flilures ()f equiprn,;;nL It can not anticip;;ltc faults 

eithe:'. The protective relays acts <)nlj' afkr an abnormal or intolerabk conditinn as occurn:d 

~.H.ll rather minimizing the duration of the trouble ;;:nd limiting dw damage and indeed 

lsolajng fwity secfon <md equipn:ent of a pmver sy'4em. 

the norma! state and the pn;lcctive device is ~;aid to 'lS:.~llme that the normal state prevaib and 

startup. As time is lllcn.:rnellted, the prntective d<.:~vk:e check:.< an(l observe syswrn variables., 

vake if not, Urne cd' 1 (} se({md~: is incremented to observe the next measured value, If the 

tim;;. threshold expires, When both the vdb.g.e and the current threshold are eKcecdcd, the 

circuit is tripped. 
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Fig 1 ,() Flow Chart of Prntectivc Lkvicc Functional Diagram 



V,'<'r is the pn>;ct voltage 

Iwi:.> the preset current 

that might be observed, Such disturbances an.: otten 21 p''ln of the normal np(Tlting ('onditinn 

Ideally the supply ()t' ekctxkity is constant 'without any imerruptio!'!:< but hi;;. has been 

difficult to achieve due tu the foliovv'ing situations which mi::;e during po\xer gerli::n1tion, 

tr:lnsmlssion ;;lnd di:;;r.ribution, 

L1.1 INTERRUPT10N OF POWER 

Interruption of pmvcr maybe dw: to the transient LmH <,m any part uf the p<.)w(~r 

,,,'.:d·o'r' "~>",,,u<;" \"l)(~n"<!i"'" ,": ,.,,)';; <V)""'" i.'!',)n) ')n" ,'n"n' t,), ,,,·,""d' .. ~(~~·:'t'" ,'o<"l :1';"\,, ~ () ;;,n"·,t:',,,·;,· .. J'..,~.;.t\.-.~},:, ~-' ...... )...,~ .-,0(,.." " .. ~ .... , vY ... ) ~ .. _ .... · ... > ......... _>t .';) .......... :> _1 ...... 1 .. V ~_./~.( •. 0(. ,_.t....,~ .. ~ •. ,,~v~ v ...... }~ • .t .... -....~} .... .. ~{} ... -' -' ..... l 
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This vmld also tw caused bv lignteninQ strike,;, breakd<:hvn in an insulation ,ystem~ 
,,~. ....' , " ~. 

overloading on the ,:.quiprnent:s etc. And as a n:';uit it can cause short--circuit nn the 

transmission lines. 

f(:moved and t~'lU!t rectifled. This ~:imation is unde:_<irab!e because it can damage equipment 

1..1,2 OVER VOLTAGE _AND OVER CVRREN1' 

The ovcP/(lltage and over CiJrrent condition (iccm \vnen the voltage or current e:<.ceed 

insu lation breakdown in any part of the system that :supply the po\vet' [1]. 

value is applied e.g, filaments of iiluminatlon luads (bulbs. lncandescf:nt lmnp:_, and 

Iluorescents) over 

5 



1.1 AIMS AND OBJECITv'ES 

premises \' .. :ithin acceptable limits. 

The main obje.::,tives of the circuit me: 

." '!"'r1"I'I'("' .!,.> 'I '{-'r ",1: th " ';Ib n ,'!',",,,,>: " "!,."",,, ~:n(': "l'IT"I't' "'()~iC,ll'tl' PI"" ! (. ...... ' ... ~::;. ds~ .... ... :-:. ..... t._ n......- <. n ..... > ~~}.~~ •. Y""~S'(""e..""", ..... { ..... -...-. o! .......... { ........ ,.. l ... -'\..' 

sfnsiti ve cornponents. 



1.3 METHODOLOGY 

resiswrs of V1lriOUS value,:>, variable resistor, current StT:se resistor ,md rdavs_ 

1A SCOPE OF PROJECT 

The cencept and Inolivation of this prqject is (0 design and construct H muiti socket 

1,5 SIGNIF1CANCE 

The rrHltn irnportal1(:e of the project is: 

Control tiw maXlH1Um <Ul10tH1t of fh}\'v'!ng into appliance 

Protect app1 iance from exce~~; current 

To provide 2l mlnimurn time delay for turrent fknv:rl our appiiance to avoid 

current surge. 

"7 
I 



U; ,WSTIF1CAT10N 

th~ terminn! voltage \vithnut the use of extcrml! agent. H!s ~~ short cut po\'''~r supply to 

domestic equipment e,g, computeL refdgeramr"P/ seL. (ml:os ch> 

1.7 SOUHCE OF ~NFORr\IAIlON 

Th~ n:atcrial used on this project \\'{)S sourced frorn tcxtb~)oh: internet. final year 

design to construction, 

8 



ClL\PTER TWO 

LITERATURE REVIEW/THEORETlCAL BACKGROUND 

2.1 INTRODUCTION 

hnwever need c·onstam po\yer supply, 

2.2 HISTORICAL BACK(;I{Ol.:r'~D 

Electrical po\vcr anornalies or dlsturbarKes can disrupt the norr(Js[ open.ltlon ,-;,1' 

maintenance and reduced :<\'stem relinbilitv as sWkd bv Liu. s ct d [41. Ollero, Chades i\. H . 
• ' ./ .",! ~ 

imcrm!tiona! designed ;;l mu!ti- output pcrwcr CUnV(Ttcrs cornbat krw vdt8.ge supp!ie:." 10 

or under voltage pmtectl(m) tddllg advantage or r,xtifier MOSFETs used f'-H' synchronous 

9 



LITERATURE REVIEW 

Stevtn et an 6l,The dnice controls the encrgizat!cfl of a reb:! or other load ~;n as t<J s'yvikh it 

/-dso, anotiH.':' lnv<;:ntor 1'.1oner<'! /\, S, !7lintl"oduccd an under voltage prntenLn 

voltage periods in \\hich the devict' during under voltage periods in v-:hich the device po'>ver 

voltage b le$':: than a desired aHlOunLThr protcction circuit includes a ,::cw;ing drcuit (wd 

latching nct\\'ork adapted to quickly dbcharge a ::4oragr capacih)r when the '::ensing circuit 

in f!nding solution to po',!'!er fuduation r,rohlems, Such ('ompany;:, Texas instrument':: un 
,>vhich introduce,:: under voltage protection equipm<:.nts brand named a,::rpS~>lOO.The 

10 



environrn~;;nt; (load:_~ dumpi 1"«)(11 

zener diode, charg~~ pump, comparator Hnd c<.mtrol [ogic. The TPS2400 is designed i"(-l;' USc 

Another c{)nlpany narned lY!AXIM 19] abo invented an over voltage and under 

voltage and under voltage, protection (ircuiL The devoce can nl~miwr a n(>DC output and 

(pkldy disconnn;t the pmver source frorn DC-DC input load when an over vdVlgC c<.mdition 

(:hannc! t'v10SFFT to meet specific load current rcquirerncnL 

threshold, the GA,TE output of the hA.'\ X6Y-)i.) foes high to enhanu::- the N-dwnnd MOSFET 

When rnnnit.orcd omput voltage rises above ~he adj!EWbk ovn vn!t;-1ge thre,;ho!d, the GATE 

output rapidly pulls !ov~ to shut on'the \10SFFT. The \H)SFET remains latched nfT until 

dth::.r the ~AAX6399 Input pov,,:er or SHUN-bar inputs is cycb:L 

i\nother approach is the use of Clfcuit brer;kn s, A circuit hreaker b m, electrical 



Circuit bre;;lkers aLso provide prot.;;;ction c.lgmnsl short circuit5, C·o:mfl~)n househoki 

nekl just as Lnv magnet would, The strength of solenoids magnetic field depends Gil the 

amount of cir<;u;ts t10wing through it. \'"ihcn the arnounl that the circuit is d<:~signed to hokL 

the !nsgndic lkkl in the snienoid is so str<.mg that. it puns (he iron plunger comph::tdy into 

the soienoi"L br<:~aking conwn with the circuit at the end of t.h,:.: plunger and c!lUlit bn.'abrs is 

The under v<)itagl.': and over voltage protection circuit presemed in this project is a io\>.! 

condition. 

NnrrnaUy, the valw.' of variable re5istancc :s preset hi!· the under voltage or over 

voltage svvitching ON and \\vikhng OFF actions of the {raw:isturs (\\'ith nw u;.~e of 

(lHtotransIormeri but by varying the value of the i<:sistancc. The v(>itage supply to the 

transistor changes and {hI.'; circuit inkrpret~; ihis as drop or ris<.~ in ';;upp!y v<Jltag<.~ S\VilCh 

12 



value of under vo1tagi.'; rheo~:;ut ha:_< be~.3n re';tored (to its original approxinHlte value) to 

stimu late the \'oltage conditions. 

Whenever the circuits is ~NYitch-on and the ehxtrica! appli8T;ces is connect~;;d to iL is 

reference voltage dekct:< ',,,,hether there is an o\h;;r/under~v()lt::.ge condition !.hat is >'·vhen the 

T!H.~ circuit is not expensive and not bulky, i1':< easy to construct, has high s\\tlch.lng 

speed. 

13 



CHAPTER THRE E 

DESIGN ANn CONSTR{JCTJON 

3.1 OESU;N /\.ND ANA.LYSIS OF THE PROJECT 

This chapter deds \dtb the design, m~;,;thoz:b ~md th~' analysis r.:l1lp!oyed in the de;.;;ign 

of an over current and over vc1wge pnAectlve circuit 

3.2 BLOCK HIAGRAM 

REGULATED 
POWER 

S\NtTCH!NG 
C!RCUIT f\ND 

LOAD 

AC1NPUT 

CURRa,iT 
}\MPUFIER N·m 
COMPARATOR 

.:.-.............. --_ ... 

r,}UL TiViBRA TOR 

fig 3.0 Block diagram of a rnu!ti-:_<ocket for over vduge dnd curfent protection. 

14 



33 IMPLEMENTAT10N 

syc;{ern pov;er 'Supply 

over-voltag.e sensor and comparator 

55::' timeout nlollGstabk 

On/Off contr~)! of the circuit 

3,3,1 SYSTEM POWEH SUPPLY 

:\C povvereclload and the detector system. The po\\tr :"upply is a'S shown in Eg .. \ 1 

:, 
.......... ~,.,.·······-······l - " ,," : : .. ",'" 

rig. 3.1 System hYNer Supply. 



A hhv~vo!tage 14V i\C was dcrived from 220V/24V skp down transf<mn<':L The AC 

voltage was converted 10 a 50Hz pulsating DC vo!tag<'.~ by a H;ctifier designed ~H'ound 0 1-D3. 

provide higher current than \vmdd be p<)ssih!e if only one diode ,,vas used. 

The DC voltage \Vas smomlwnd by a 3300pF capacitance. 

Vac ::::; 0.707 (24) V 

The valuc of smoothcning c8paciwncc \Vas (:valuated fn.HH the expression; [6! 

current, t '" time:. C ::: capac;mr. 

1 . 
t ::: ~ C'PI'ona ,', 

. ~'(. • ... ,,.. .... .' .. j 

where; F '" po\ver frequencj: r i::; the time. 

.~, ' ...... 
,> > >, •••••••••••••••• ",,.,.,.,.., • •. ,~).L 

16 



'Vi '" l';'i' '! 1 \-~: 10f<2: L\ V ::::::: Of(ierCnUa~ \/0 tage. 

i\ V was determined by the rninimum input voltage ~nto llw 7806 rcTulator. For H regulated 6~ 

volt output, the minimum input voltage Is 8V, 

On a 16.8VDC input, the peaK-penk rippk: voltage i';; {16.8-8) co, 8.i{V, 

The rnaXlrllWn Load CL!lTtnt \:';:35 pegged [lJ the rnaXln1Wn allz»,vance by the 

transfi,Jrmer, I.e, n.SA. 

G.sxG.G2 
= 0.1.)0113636 

regulator (806) d 

, 'J" Aamity. 

3,3,2 ClJRRENT SENSOR /\,ND Al\IPIJFICA1'ION. 

"Ui'i·'''~t t'" \i(',lt'"'''' /\j~ i) l() '<i>";I',t"!1"'" '\-"'·l' ~c!,s""";'l j',. c,,':,;;~, "~'l"ll j'!'l"~ If}',''''l ,:.'. l'l1 f~,) ;-:, ...... v~ .. , ' .. _ ,. t."'~\o. ...... , ' ....... N : ....... ' ... ~( .,. ...... \ ..... 1. ~> .... )i.w .. L • • J ....... ~ ....... I. ~ •• ~ ........ ~'- ~ ... -. ~·.0 ..... ~o' 



crJ 
I 

Fig. }.2 Current-- Volwgc Convert~:;r and Amplifier-

The current through lb:; load resistance!::; com·ertfd to voHag.c. The /\ C voltage is 

amp!lfkd by a DC-C0Upkd arnp!ifier v,it!! <~ gain <Kljustabk frorn 3.5 to 6. The mnp!ifltd 

18 



The (OrnparHtor is diagrarorned bel<)\'>;: 

", ':"~. .; ::: 

.:-':.-:" 

Fig. 3.3 Oper<tt!ona! Amplifier and C<)rnparatnr 

n~m-inverting and invdUng, and swiKhe:~ its output higb or !nvv to rdled the gre,lkr oC the 

tV.iO \io~t.ages, 

\\'as fed by the amp!in(T AI nutput. Its inverting inpm W~l5 COl1ven.ed 10 a potential d;vider 

E:d by the +6V ~:;ystcm ~;upply. The potentiometer!$ fredy (ldju5t:;,bk;" beliee different current 

level $('1Jings can be 'nade LXi. 



For OV1;.T··\fo!uge inverting, a secor":.d cnrnparatGf ""vas utilized. ·The inverting input Gf 

stepp;;d dmvn }\C > • .:dtr:gc fron) the 240V mains as shiw,.:n in fig, JA 

-:-':: 

.... -::-: 

Fig. 3,4 Ovt.r··Vo!tag,;; De-tech)!" (Jnd Comparator 

wired to pin 2 of" the monostabb~. 
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33.41TMEOllT IVIONOSTABLC 

tnm::;l::;to( :;-witch. 

The 555 monostabk produces an output th<u is at logic 1 {high) f()r a period of ti11'. I
.'; 

,1~IP"'1~;'1"(-; I.)" '11» r'-"!'" ,)i: ,ill' l-){': ·t;!"Q'·r10 C()P'p(-)'n<"!-lt(; (-,1' '''1'1'<; i-i "111
1 

'7 t
i
1(, 1"1'·''':1' '·.<'f1 h:," u ............ ss .s>:",'" l . .,.y i ........... ~ ..... \..~ ... i~. '\.. ",' .) } ..... t:= ~ .. ~O.l ( •. w ~-' ..... ~ ~} L.' \., ...;.S J (. >.L.w '.Ii.. {~) ... " ..... ~ .. l.. .. # .. 

returned to 10\\/ by pulling pin 4, reset to ground, or ,>,;alting f(x the device w tirnc GUL Since 

2J 



are det.-x'kd and the 555 requir<.;;s a high to 10'v''/ transitirH1 on pin '} 2!.n inversion of :.he 

, ' 1 r "', 1 i. (""! 4 ' ,',' d' , comparators output v,,'as nX1UHT( 1.':1. t\ .. ':1!' tranqstor euectv t[-H::;. 

as 42kC~ and 22{)~lL 

T ::: 1, I RoC; <." -." •• " ..... " .. "', •••••••• ,,"",,', •••••••••• """"",, •• ............... ". " .. "". ~~.5 

'1' ::: ! I >,' 4')Y l (i.< '.' !){'I\'l f',l,{i ~.. • ...... _ .... 1 v ... ... h--\ ..... ... 

... 10 seconds. 

335 RELAY SWflCH 

,n" 'dT"""" 

f~~i)~h, \ 
'.' I L'i::~ __ .J .... -........... ~ ____ : 

'_ ... .......,......, ...... , ...... ..1 

~J·t.j "0':: 
~V ~~Y~80~ 3en~:·~ rs~i3t0r 



is a!\vays :~huntcd to ground., fixcing th<.:; telay off 

flop. Two btrunn;;; to ground \\·I?re conm;cted to pins 2 and 4 pulled up t<.) \',;:> Ti1\? llonnal1y 

Fig. 3.7 OniOfTComrol c;fthl? circuit 

disconnect~~d frorn the !llains, 
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to AC at this point. Closing the 'OFF'key resets 555(2), turning otT Q2 and dLconn;:.;,·:ting. 

the loads. 

L~ dd;::de,i Q2 shuts the pulse driver of Q] to ground .. f:ll'Ling the rdays off. 

t \>.:0 reL~ys wer;;: placed in the collector circuit Q!. The t\XO rciays h:we ,1 ~'oi1 

\Vhere: Q! is the transistor ( I) and Q2 is the transiA.or U}. 

, , < < , , ,,', •• ~ , ~ , .......... , , , > , , , ••••••• " " " " " ••••••• , , " " ...... , .. ~3 ,{j 

Jrd,.,,(W(;al) = 2 x 143mA :::. 29mA 
.... i.</ 

The DC gain of Q 1 is about 200 

.. , ................................................ ,,3.7 

............. ",.", ..................... "." "'",,", 

•••••••••••••••••••••••••••••••••••••••••••••••• 00 •• \9 

45~· 0.7 3.8 
RE! ::;: ." ...... --- .--. --- ;;;: 26.2ki'l 

0.145 >:: 10"'" ---- 0.145 x 10--:;' 
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A (;,Sk n value >,Ya::' used instead to assure s,xitchlng under ali possi.bb conditiuns, 
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CHAPTER FOl)R 

TESTS. RESt1LTS AND D!SCnSSHJN 

,tl TESTS 

by connecting the input to the main surply and the output was tJ.:Aed ',:vith rntdti~rn(;tcrs, 

voltage is range bet\veen 225,6 to 254AV, Fro:H this regulat.ion, voltage/currf.:nt prokc1ur is 

4.2 RESULT' TAH1J LATION 

----"--------~-------- ----'--------~----------------! 
: 
~ ............. --- ....... ----~,. ........ ----- ..... -----~ ........ ... . 
~ [-,0\\; voltage 

--"'--------~------------"-----------------'----- -----------1 

i ..... -----~ ...... ······--······----~~ .... ··· .. -
____ .... _____ ~_ ......... __ .... ____ . __ ~ .. _ ..... ____ ... _____ .-....---........ - ... 1 

~ -Hioh vpl·"'-,-e ~ .... :;:. . (._ d ....... ,':::, 

-~------------------------~---'---- --------------~------- ----,--_\_-----~--"---- --------------~----"--- -------------~------- -------------~---'---- ----,--------------'--- ------------~---'---- -----------~-' 
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43 DJSCrSSH)N OF RESULT 

4.3,1 LOW VOLTAGE CONDITION (11OV) 

(Dust not be less than! iO volts, h) avoid the reb)' SVvlkb de-t>nergized. 

43.2 NORMAL VOLTAGE CONmllON (19H-240V) 

dosed f(lt lhe nov\,' of current in the circuit The lwr; pi<:KS up currc:rt and begin to J\.rnction. 

4.3.3 OVER VOL T.A.GE CONfHT10N (250 AND /\.BOVq 

contact of the fw() rd8ys remain open, the ~;ocke! output sw;tch off autornaticaH:v and l'crnain 



CHA.V[ER FIVE 

SUMMARY. CONCLLS10N AND RECO:\-IMENDATrON 

5J SUM1VIA.RY 

The pro.iect \'v·as designed and constru<.~ted in su;:h away that any input voliage that 

exceeds lhe normal voltage of 240V or hilL; be!o\', ! \ OV. Tbe device is seb to dic;cnmwci to 

5.2 CONCLtlSION 

Tberefore, design and cpnstnKtion of nvervoluge and over (urrent rrntectinn \VZlS 



5,3 RECOMMENOATION 

Th,:.: device b :w)tabk f<3f electrical and elcctronic appliance:.: ;;vith input rating 

prot<;;cted by this project should fall behnv thb range, 

* Thl:~ project can DC irnproved upon .. as higher yoltag,;;s GIn abo be regubtd flr 

indU:4rial app! ianec:.:. 

2.9 
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