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AHSTIlACT 

The design of an AUTOMATrCVOCTA.GE REGUL/(['()R WrrH DICHTAL 

electronic devices that are ~,ensitive to voltage fluctuations and thus gives a constant output of 

220v regardless of' varlRtioll in input vol taW:s, The desired constant outpn1 of 220v "vas 

accompLished through the use of A uto-tmnsforrner yvhose tapping provided the different 

voltage lcveb a1 the input and <1 12v i;LC vvhich W<1S recUfied to 12v d,c to power the circuit A 

quad-Ie LM324 compares thevadation at the input voHage supply, The ou1put of the 

and cl,)ses in relation to t!x, sensed input and s\vitches to ilw constant output of 220vJhe 

l' , 1:1' I '1 " I d '. "':j I I ,., ~ - ~ " ! olpta t lspay at tJe output \vas accompilSt1e' vIa tne use 01' tnf' (Ie ay A. )) Ulll.er \V.105e 

out1')ut trim:!.l;:r;;; the IOQic Ie Ivhose on1nnt controL the disI.lbv Gfthe common anode t --..' ..... ' '-..- t .. y' 

configuration of the s<';vcn segment display of 220v output. 

The circuit vv'as designed and constructed, and upon testing at v;::rious input volfages a 

constant 220v\vas displayc(L 

"IV 
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CHAPTER ONE 

1.0 ~NTRODUCT~ON 

supply for ~!ectro:nic (jrcults is rnost conveniently obtai.ned from cornrnercia! 2.C lines by 

from an ()rdinmy po'vver supply remains constant '30 long a:~ ,,!-C 1DaIns voaage or load is 

una1ten.~d ,UnV,feVeL in many deo,fonic ~lpp!ic(jtions. hI:" cksirrd that (Lc voHaQe should .'... . " ...... 

regulating {k;vices are used ""lith ordinary puwer supp!y.Th1:< constitutes regulated d.c povier 

supply and keeps the d.c voltdge atbidy constant v::Jue, 

;±:M~LTheinconsistency in supply voltage htiEng bellY·;>} 190V or rising above 250V" 

rcpres~;;nting a t1ucmations of ahuut 2m;, ,shieh lS highly inirnic~ll 10 1Dany voltage sensitiv:;,; 

flnaUy 'Nears out. 

computer systems, prinkrs, scanners etc WT rno~<t;y atY0<..~ted t)y over-voltage SHuatH.?J:). 



· ... 

••••• 

i 

Sifnibrly, Hl0tor driven equipmenf that required high current are harnpered by under·.vo1tagc 

such loads includes air"colldhionen; fil(;Wry driven plants, rej~igerators eu:. 

In order to prevern the huvoc occw;iorwd byht'qw.'n!. ±1uctuations in our pO'Ner 

durabiLity and reliability of electrical and dectronle de\'kt;;~, tn a predesigned specifkation Le 

to maintain the output voltage steady at 220V. 

TIle :JW.omat1c voltage reguLHor is (! short cut to stabk 'p{)>,\'(~r sUjlp!y.The un(kr~voltage and 

over-'io!tagc protection are both achk'ved by suitably biased transistors D.;:; the case ar1s<.':s. 

H.apid !Juctuations scriow3Jy show-'ll the useful lifespan orall ekctrica! and electronk 

equipmcl.rt. 

An autonlHtic voltage regul.ator lnonitors the input voL:lge, then s'Yvitdl<.':S the ~)utput of 

tl·l ..... U-lf:Vl·c.e t(> ,-11? tr(·'l~,·r("I'·lTl'~~· i"tl"'< ;t'f't <1"1'·'/<'" c'-' ('''I~<:t'·'J'; ·1){:·v nt,iI"''': ",;·'h ll<"l n/'i,,·i .r;-'l' ,"vt'''''1"''>! :..... """ ". ~.i ........~ . ...... "}.il.. .. { ..... .......... i.( -r" t~{'A":;;' ~ '>..-~) .).. .... !oJ .•• J .. ~ .)00;. ••.••• \.1 ~ ' . . ~t ... s.~ ... "''' ~.S., ... { ....... ,v,··~ .. $,._~. \....,'" v~ .. H~(. 

agent. Thus, the undesired voltages as a result of over-vu!tage ur under-voltage at the input of 

the regulator is controlled to a safe voltage level {"lf220v, 

lnput s 190v 
nov 
250v 

reQubtor 
r·· .. ·····························p. Output 220v 

r··· .. ···························· .. 
-----' 

................................ 

/\utommic voltage reguiator provides protection fron1 under~yoh.aw; . 

. , " .!' ." ;' t " ,. , j.... regulo..tlOHs ,1r0 JHOSt useru lrl liH::; part G£ rut :;;onunenl (,A-flea}. 



Automatic 

surges, lifZ)ltening and all fi-;.rnl::; of voltage !luctu;;H.lOns. Automati(; voltage 

regulations me Dl0S! useful in thb J.'art of the ",",o1'k1. 

/\ VR is used to regulate the input voltagt.,; ofs Ef,;>supporting 

rnachines, in homes and offices, Tlw iDcorPOf(ltion of the digital dispb:'{ (it the 

output is to enbance precisiuns and accuracy at the output VOH(lg~;: of 220:l:5 

constantly, 

1,1 OBJECTiVES 

The o1::1ecti.ve$ of this project are to provide a n.'guLlted voltagi.:: supply to ebctronic 

deVIces and appliances at the required rate. without nuctLl(ltiolls and a means to guidt 

ag.ainst surges, 

.! • 3 " I' a,c. llHlt reqmreiJ lor tHUSt applaDces, 

1.2 MOTIVATiON 

In. an ordinary pov'lier .supply. the voltage regulation is pOOL Le., d.c output vohage 

change apprecik,bly \vith load current- Moreover. output voltage (.l.bo changes due to 

.. 'h' '1'1." . ", , 1 "' I' . vana!Jon$ HI t e 1l1put n.c vOltage. " "iUS 1$ (me to t 1C 10 iO'NIng: 

lr' p",,·~··t; .,,> tr.";~r.'~ a"'"'~ "'v()ns.'cle1'at)'!e"" val.'iatlo'J.':' In 1.!. ,.: ,,'~ lv>"., ''' .. -. , - .. <". _..., 

, t. d ! "l !' !"' j "', tactors l)eyon our cnntro ~ HilS cllanges hlC 0.,C output vo !.nge ot rnost etect1'mHC ClrCUlI:-;. 

Electronic circuit::; win refuse to v.;ork SaJist:Ktorily on such ontput voltage tl.ucm::.:.tlo.n: 

this necessitates the use of rt:gulat •. xl power supplies. l..1. j 



This prc~kct is borrH}tu of the need for ste;;,:d;,.' power supply to electronic and electrical 

devices and to equally serve as a guide against d:11nage~; to ele·(.'tronic circuitry due to 

1,3 METHODOLOGY 

Th.e CGD.stmction of AVR \vitl1 digital disphy at the OtHpm terrninal r.eqlures an auto-

transti.HTlwr vvhlch provides tbe unreg.ulated voltage supply and under the S\Vliching of 

1.4 PROJECT OUTLINE 

diagram and thccrry of operation ofthccircuiL Chapter three is the design procednn::s and 

analysis of the project \Vhi1c chapter f{)W' ~:.:ontain5 the construction, festing and 

discussion of the results. Chapter five includes; the condusiofL the h:cornrnendation and 

-4 



CHA.Pl'ER T\VO 

2.0 LrrER.A.TURE HEVIE\V; 

consumers Hl<l.de 1he proh!ern uf volwQe regulation more comrnon. Thus. veal'S of stud v 
• J,..,.' ..... • ;, v' 

<md n::searcbing by f.:),eat {"ninth; has revdutionized th'0 d,:velopment of transformer- Some 

The first attempt to obtain a good auton'latkvoltage regulator 'ernployed :.~ 

input is high. 

The rnoiorized technique ~~ncnunten~d some ~;hort{;r;ming:~ a.nd upheaval which inckde~:; i~ 

ease to weaken and wear"off due to the lUP changing fDed,anisrn tlwJ is purdy 

mechanical in operation, it v .. \!S 110l cost-effective and above aU it \-vas bulky, {irnpropt~r 

contacts behvcen changer and tD,pS'i-

/\nother notable approach that 'iv-as introduced '-vas the resolE'trlH::ircuit voltage 

reQulator vvhich involved a thv CGlJl1){ments such as inductance nf a transforrner, coupled 
~ t 

vyith a paraEd inductance <Tad capacitive resonant 'vvhen the Ene voltage i:~ below tlw 



voltage rises above the rated valUi;" the paraEel circuit cOHlbinatinn hecornes less 

Further 'n;;~,;e<ird1 led to the regulated d.c output from the pCl\Ver supply is irp/erted 

then stepped-up to the required constant a,c omput \'olL=lge using a tnlHSfiYnner. The 

sinusoid. This methlJd resultl.xi in very good re~ulation. The sv;:;u;'rn is not heavy but very 
• '........ " v / 

expensive audit com.plexity surpasse,::; the rest approw:.:he::: tmvards attaining automatic 

voltuge regulator-

inversion automatic voltage regulator. In this syst<:rn, tll::. load is connected in series >'.'lith 

the voitag<: controlling device which is n.su::.:Jly silicon control recliiler (SeR:. 'Voltage 

to the output tenninals is ref:fuiatl;:;d to the desired value. . . ~. 

This approach responses fast to voltage i1uctuatinns at the output. Thl~; approach is not 

. ' ! b'} I o. ') l' . ~ expensrve and not lC;1VY . tIt t K,' uutput vo tagc wavetorrn ';S usual Y ulstorreu, 

I) 



The advancernent in tcehu<>i()gy has led to the introduction of the transistmized 

achiev(~ the target. The system. usc high voltage relay to ',\Vikh bctv.:ecn th,: taps on the high 

volrage side of tl:1c secondary of the tranEformer, and the low- voltage re1<1), to ~N,'itch behvcen 

the tapE on Ole kYW supply voltage ofthe transformeLThere is a control circuit \vhieh 

determin:cswhetl.,er the I.O\V supply voltage is to be stcpped-up to the rated value or the high 

supply vok~ge stepped~dov>,n tn the rated value (jf the output. The current drav·iD is detectcd 

by the load and the po~,ition ofth~: relay contacts on the tar of the trant:;formeris detected by 

the control circuit It has a reduced size and lighter butit shurt~coming:~ includes a bidy 

goodpercenJage regulation, 

Ie API'ROACH: 

l:n the cady 1960s a new fidd ()f micro-electronics was l.)om primarily to meet the 

requirements of the military vihich \;>,'antd smaller sizes of their electronic equipment to one-

tenth- The led to the development of InicrcH.:!ectroni.:: circuits kno\vn as integrated circuits 

! ",. '1' I!" . Cd .. } WillC .1 an: pretty smail ll1 ~;Lzes. 

IS Kilby v.:as the first to devdop and Ie in 1958, a single monolithic silicon cliip in 

which acti ve and passive dem.ents were fabricated by successive diffusions and 

Ie including the interconnections in a single silicon chip. 

The merit of the Ie approach includes: 

7 



cu.rrent consulnption, sensitivity to voltage t1uctu[xtions, reduced size, light \ve1ght 

cost effective and spare~pali.:,; avaiL'lbi!ity elc. 

2.1 PRINCIP.LES or OPERATION (A VR), 

1'1 .. . , L'-' '11 • • • 
·.W rnOTl1tormg urm pertonns tile 10.! .O\Vlng tunctlOrlS; 

1. it dekel.::; and measures the change in the input voluge of (he reguLuoL 

without hunting or continual fluctlmtlons. 

In a true AVR, the t\vo basic uuits namely the nl0lJitoring unit and the s\vitching units 

difference betvicen automatic voltagi.'; stabilizers. These voltage stabiLizers find int~;;n:,;ive use 

in eledron.ic df:vices in snite of the f~u;t that the accuracy of stabilization obtained is usually t ' ' 

poor. [41 



2.2 THEORY OF OPERATIONS 

or step-down hy the auto··transfiJn11Cr rated at l.2V (m)s), this volLIg.e horn the auto·· 

tran~·&rnner is rectifielj hv the fun··bridge rectiiiec The rectitkd outnut volta£:e is tiltered by i.'l. ........ ... .... ... 

from the filkring section of the circuit 

one fhr sensing high voltage mK1 the other f;Jr sen~;;ng 10',''/ volt1ges. j\ step~ do>xn 

unregulated d.c voltage is applied to the 11On~invertlng p()~;iti'.,.'e (+ve) input ofthe 

pmver supply is fed into r;on··in\\~lting input of the cOlnparahJr 2 \vhile the reference 

s'vvitdjng circuit is themaln control unit for the device \vhi 1e the voltage levels serve as 

which in turn/:;; connected to the dday circuit as 'well m; the logic circu1t to the dj~:;pl<l.Y 

circuit. 

There are three main conditions fi)l" the operations of the switching cjrcuitThey are; 

2. When the supply voltage is normal at 220V 

9 



There are three main conditions f:)r the o!>,;:;rations of the s'vvitc.hing cin::ulL They are: 

L Vlhen the supply voltage is nOJJni:11 at 220'1 

inputs. VR 1 and the fixed reference voltage \frd at dw catiKHk of zener diode, 

reflected VOH(lW.~ sensed byV:l' thi: output of cornparnmr. 1 10gieally sv/ings the output to the 

output inverted to the positive rail and the hasc of transistor Td wiH be ~li bgher potential 

rday RL 1 <Ind tbenonnaHy open contact ofthe relay closcs to the volJage h;ve1 

hrverting input V,d' is greater than Yin 2. Uowevo', there is a Emited current to turn "rR ~~ into 

operation hence rday ~'oil RL2 remains in its de-energized condition until 'Nhen anollKT 

of the transistors T;{j and Tru \vhieh ir:nplies that both tnmsistors wil [ remain in their cut-off 



, .., n r .. ) ""'K' r)'1 ~ ~'J:~Al\.l ,~ F TJ J1'o "<rl' '" r "J"I"' ~,,) DLe c: :',.1, f'~(J ,", lY l.J" .:'.1::. Cl. :U.'\) ... 



CHAPT1IR THREE 

3.0 BESlGN A.NH l1\lPLElVIENTATION 

3.1 TH.r.: SUPPLY lJNlTS DESIG.N, 

convert alternating current to direct curwnl (dx:), 

In this design bridge rectirkr ',',,'as used, 'This circuit achieves full V",;JVZ~ redincatioH 

withOtlt the use of center·~taped tnmsr;JnneL It cmp10y the use of fom diodes (4) c<)m1ectt'd in 

an a.rrangcrrh~nt that inob; simi far to a \Vhcatstorw bridge circuit Th~~ cathode lead is from D1 

and D:; are connected t<) form the positive ow,pm tennin(1i of the circuit \.vhHI;: the anode kad 

3.2 .RECTIFICATION AND Sl\lOOTHING CIR(~UIT, 

A recLiner must be able to pass current with ease into tbe r;JrNard direction (Tad block its flo\v 

1,:', 
. • ,'5:.,. 



Output of D1 & D~ 

Output of D~ & 0" 

flG.2 FULL "VAVE BRIDGE RECTiFIER 

DESIG>J SPECl:F!Ci\TIOf'<.J, 

r
--... ·······················""·····~~· ------------.-- ............................ T."~·~-----------·--····· .................................... ~~----------, ................................. ~ ................ --~ ... 
cornrfos't;on i T'Y1)<> ! p~:pt n:Hr'h;~r i 1 :s'\go lM'''-:'>, OP"'f':Hl0q Clwrent I .. ~. '~:'" l.... ;'.. ...... ;' ...... ... ..... J j _" to .. "..... i'" .(..... .. _ v ' .. ,. ... ~~ _ ~ ~ , : 

l. I i I ; i ; " I . i ; i i ,'\ nd f'-verse volt\w' I 

[ ....... ;........ --________ J._ .. ~; ... : ...................... " ... ~__+~-~--~;--; .. ~ .. :.: ............................... : .. --.. ~-------~-:--................ + .. ' .. ' .......... : .... ~,~"~.~----~--=-~-~---- .. -....... i 
i DlOcle i Stiwon : INif{I{I! i Rt:;(Ui!cuuon i 1 A, )O'V 1 

1 ........... ___ .............................. ~_l ______________ ............... __________ ..... j ..... ~ ...... ,.,.~ _______________ ........... 1 .. ____________ ................... ,. .. ,. .. ~ ___ L __________ ................ __ . ___________ .................................... [ 

33 S:\,100THERING OR FILTE1{ NET\VORK 

The outnut of tIlt:; fuH-v.ruve bridge recti 11e1' is a rH.l!satlngvoItaQc. In order to t ...... l w .:...... 

redw:.e the pulsations, <l filter network is used ,This is rnade up of a single electrolytic 

capacitor (lOOO!ln connected across the load terminals JLis cap<1(;itor i:~ chosen L::rge 

enough to pro'./ide <1cz:eptabk lo\v ripple voltage, \vith volVlge rating suf!ldent to handle the 

>.,vorst case combination of nu load and 1,jgb. Ene voliage . 



b' , " , 1 d 1 • ·1 l' ! worst (nse com JnaLlOl) or no loae i:1H(111g(1 m(; \'0 tag(; . 

Pulsating d,(; is not pur(; 'beCatlSe it contains an '.LC component The ~u:: component in (l 

Filter is us~d to n~1l"!ove flppk thus producing a srno()th v<weform that\,viU appro(tCh tht~t 

produced by a battery, 1"1)' connecting capac:it{)T across the output. 

Capacitors are energy storage devi!:es; th(;y can take a ch~lrg"; (Ed fhen later deliver that 

through the balL Since ekctwlytic c£tpacitor is used, it \yin charge quickl::i >,vhen the diurb.; 

voltage but ,kith variation cal1ed"IUPPLE", 

L The size oftb~ capi:Kitor 

2. The value of Ow load 

3,fhe tim(; between pubaLions [1] 

A capaciti)r value of about lOOOur is used in order to gi>·/e the r(;quired SlTlfH)lhering, 

111e reactance reqnired is calculated; 

Xc:" 1 !(2n;fc) 

14 



'" 2,65Jn 

;::·2,70 

Current throu£h the capacitor :::2nk 
'-..' 

::: 2!~* 50"' 1 000* 10'(-,'" 12 

'oo3.77A 

3.4 REG1JLA TIOK 

i.nput clmage. 

3.5.0 S\VITCHING !COlVIPARA1'OR CIH(TflT DESICN 

operates froni <:1 sing.1e po\wr supply over a wide range of vok?:ges ,The cornparat<;)r circuit is 

designed. to compare vdtages frorn ::;ensing circuit \vhich is f,~~d to the nrm~inverting input 

against a reference voltage, which is ted to the inverting input of comparator through a 

:\ ~ 1 S·L,~!sqn" .. :(,. Cl"RC'[ 11 '1' 
10,.. ~.c./? So J~ .. ! ..,~. 1.1.":8 ..... 1. U .$~ .1. 

The st~nsing circuitln an A\/R measures the changes in the main supply and the 

OUtl:)ut is cOl.uoared a2'ainst a re±erem.:e by the conv)anJJor circuits, For this desi.~:JL, t\vn (2} t .1 ,,..,.. ~ 1" ...... . . .' 

difference, 



, .. l ... mmm;.~ .............. nm.m~-m--
LJ . 
~ . ___ m ___ .......l ____________ ··_············ .......... • .. • .. ____ ~ 

6.2v 

Zener diode ref;;;rence voltage. Vref '" 62V' 

Power rating '" 500 m\V 

lz ::: PI'V 

- 500/6.2 In;:'>. 

:::::: 80/:;111/\ 

Current through R2 Le 1kO resistor is 

I~z ~~; {\! de .... \/ ref)!ft2 

(12 n 6.2) / lkO 

5.KmA 

The gain of the cor.nparator 

= 220·~ 

lh11usting thevariahk: resistor "V Kl frorn (0 .. 10k(1), 

At the maximum value ofVR ; of lOki1 

VoltageiJlfOtigh the non-inverting input of comparator (Vep 1, 



R5 

D1 R4 

~~> 
02822.2 i' 

;@ Key;;; a 

~ 10K_UN 

\is· 
~-~~·r~~>~·· 

4 .. 11 
l Lfv13'i 1 M I 

. lfvl T24 j 
~----'m--••••••••••••••••••••••••.•.•.•.•.•.•.•.• w .... , ............ ' .. wmuu~ 

m 1 
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::z !2V*5k In Ok +- SkI 
.' 

TherefOre, the voltage s'-vings lx~twefn (4\/ - .i. 2V) 

at nlinirnurn v;liueV cp2 \/ de * r~ vr2 ,/ I{vr2 

The gain l)f cornparator 2" A.' " 220 

::: ~Rf/ RS 

'" 10k'" 12\1 ! (lOk +- 5k) 

'" 12\1 '" 10k 115k 

=l:rv 

Thisi~< tbe maximum. inpnt voltage at fhe inverting input tfflnin.al. 

therefore,. the in put to tb~ inverting terrninal ranges iiom (0 ~ 8\/). 

To tum ... off the comparator 2: the input voltage rnust h.' :<: 62V 'vvLen i::; tlie reference 

v01tagc. 



To tu.rn ... off comparator J. thc voltagc to the non-inverting inpm nlu.st b(~ !)cl\>.,:een (4\/ ~ 

3.6.0 S\VITCHIN(; CfRC Off 

3.6.1 S\VrfCHING .ACTION OF /\ TRANSISTOR 

The s\vllching anion of a iTan"i;~tor is "hOV,'D in the ngurc ... h:1o\\ indicating the oW.pm. 

dWTacteristics of <'l typical transistor f;:)f a commorl ('miner conflgu.ration,fhe IO(ld-line;s 

11' '} 



to be in OFr condition, In this condition Ir! ::: 0 ~md (he collector current is equal to the 

Power loss ::: output voltage * output current 

a switch in the OFF o,i.ndifion , 

2, ON or saturation region ;'vYhen the input voluge 1:~ rnade so much positive ihm collector 

sa.turation collectur CtHTent tlr)'-;vs ,the ifW;sistor i~: said 1.0 be in the ON condition -In this 

PZHver l(lsS "" output voltage ~, output l~urrem 

~. ,/'c~t'j"e r,,~~,l,ii,)',1,,:. r'llP ()"1:71::; "nd ON rp'-";;"'l"~ ''''i' tl'''' '~!?bl·' reolfYfl<: of' ()1":~r?tipn the 'votive ~_ .l. _ v." ~''':;.,..~ $ ~ .~ ... ,<,..' .i 1 ... ~.~ .. ~.. .. ..... t~~ ..... ...... "5J: "'-" .... " v ...... " ........ ....c~····· .. \. '. $-, ..... . ,~ . . ~.' .... ... . < ..... 

region is the unstable or (tran:3ieni) region through \vhich the operati<..iH of transistor passes 

20 



11: '7n 1,"1 .t .'\/ 
.... ")0 ( fi.I:..:l . ...:F\ .. 1. 

automatic :<v:itching. in dectric circuit. Jt is made up of (\VO parts; 

L The coil 

magn<.::dSl11 as curreni :~eizes flow!ng through the c(>iL 

defennine~.; the :<pecd of opero.tion ,They are available f()[ rLc <:;1' ,1->;:; excitati<JI1 and coil 

circuit electrically isobted from the ~'LC Dower· Ene . , 

82 ............ m~~___ C:R ·.=:::=~:':>m ___ . ___ .. ____ . ___ _ 
.-............................... -- I immm .................................. m~--... ---
- ........ ····················· .. · .. --~.:::=::;::;:I---t·::::::-·-::-:~ .. ··· .................... ---------­

CONTROL .. K 

FIGS ~U RELAY CiRCUIT 

1 . I . , 
It enables slnaD curn:;nts in one drcuit to ('(lnifcl a much mger current H1 anot leI' ClrCUH or 

·tl""" "l'ly'·:llt"'~e'('u·(~ <:.,>,,;t·,'J1'11" 'ri" n",","\? t~l"l' ('!l'i' i'irr'Hij' .. ~ ... .-' .. ? , .... u~ .. -' ... ~ .. ... "'", "-._ . .'. ~;;.<:. •. c ... } ...... (,... ... .;t. ... \. . .s.~ .... v."" .. •• 



3,8.0 DELAY CIRCUrr DESIGN 

For tb: purposc and objcctives ofthisprojecL the rnonosubk rnude of the NESS5 

3.8,1, l\1.0NOSTAJILE OPERATION 

'l ' ('\Y ". [ ; 1 ' . d' I ' tune <'} conncctmg reset to J ;, tillS lHsta.nt y rn,u~es il1e uutput lo'yv ana' l.SC ·;argc tHe 

3,8.2 PO\VJeR-ON .RESET OR TRIGGER 

It may be useful to ensure thm' ~,l monn~:;table circuit is rc~,et or triggered alHGmat.icalty 

instead of (or 1n additlnn to} a push s\vitch 3S shmvn in the diagrarn belOVi . 

, .. '1 1 ')"" "1 1 ' ['" 'l ! ' . . " 1 Clfcmt 15 5V...'lte 1e( t j~~ ,j", s'vVlkn Hl<1y ~!e eonnectc(! 111 pa.ra. i.ciWll,! tnt;:: cpqacnor 11 fnamm 

22 



3.8.3 El)GE - TRIG GfJUN G 

is from (iN OFF switch or ~:;ensor , 

bee,"':<:," :j" ri'~'"n(!l,d« ,n ,:, <';U'Cl{!O~1 ~'\l11 ;j" t L"" j' )Tnl"t' ::;j' <';rl'~ 1 
• "" .. ~'i,." •• w t , ........ }t· . s_~ .... ~ .. (-t. '- J .... ~ ...... ..... ,~. {..~ .t ... .r;.... "~J:' ~ '.- ·c:··(···· J 

fhe n:S15tor t,etvVt'en the trigger (555 pin2) and +\;'5 Cl.1SUr0S !,hat ~hc trigger is Horran!!y high 

(+V';\ [i ~'l .. --,,)., '" .... .l 

3.9.0 LOGIC CIR(:Urr DESIGN 

bv virtue of a ked back ':lrrarH~.1:n';ent in \:vhich the outrJuts are connected back to th0 01:",!)osi te ~ ~ , ' I 

'l'll~"'P<" 'Tl~i' 1"""ll"f' ""j'f';»''''''l'''"' b,"t'1i""l' ]"lc1'1(:,'-': "l1)"1 ql')',~ t1">l~s ,;'" \':'l tr." :,,,:;tr.'vl 'l'-':f'(1 i->r-. '1)"'(''';;:; ~ .ii,.- }'~} .... { ...... . L ...... { ....... {.~ .............. ,,~Vlo....·.t ... ';{ ....... " .. ~ ... ,-,. {", .L ..... ::' ··~ ... l} .. · .'., A .:.{V ... S! ..... ~l"-... 'v.. ,.~ .............. ). 

3.9.1 THE S~ H.LATCH 

I ' ' , ,;' b' '! ! " '! , 'In ," Y j' " ," '!" 'IJ S" ,A ,Hcn IS n type 01 ~lst?:Dte rnn,lu\.'roralor ,h.n actl\:¢ "!te;.!:' mpl1t ~, .. \, \ ""eSd ---, eq 

latch is fomwd cro$s .. o;upled NC}R gates: a,n active .. , 10\,,, input S ~"R hIfch is f;)rmd \vith 



· ... 

Fig.3.6 S·R Latch 

U1A 
......... ~--......•.•... --.------•...•................................................................ _ .. _--

74LS27SN 

\Vhtn the Q output is HIG-H, the [atch i~; in the SET :<tate .11 'will renwin in this state 

. d t-- -. 'I Y (y~,. - '! I" 1 R - . 1 1 I r- - 1 m-emltelY unt1 a L OJ 'I'; IS tempon-m y ;;=:pp 1<,'0 to tlc i - mptH '-Vlt; a !Ow on t 1e,<-- mput H1VJ 

••• a HIGH on S- , the output of gatJ: G2 is forced HIGH .This hi.gh on trw Q- output is coupled 

••• 

Q output is then coupled back to (Hllnput of Ci-:. ensuring thHt the Q- outpu t rernains H j G:t-! 

RESFT ;~tak J,)OV,'- the latch rernains indcfinitely in the RESET st8.te until a LO\V is applied 

to the S·· input 

••••• mGH ,An invalid condition in the operation of an acth-e ",[uv-iinput S- R- !atch occurs when 

lows are applied to l)otl1 S- R-at the sum.1.'; tirDe .As lcmg as the [uv,: kv(:Js ilrc simu[taneouAy 

1 . i' ! , ' ,-" , 1 l' I I" cornp. er.nentary operatIon o' t!1e outputs. h_Lso 11' trw iev,'s are re e<'l.se(! snnu tall<::::OUS y . betn 



, H~ SE\rE'N' SI;'(T:\/fI .... NT 1)1"'1.)'8' A ''\/ Clne'l )11' 
.... "'j.~. : __ ~ I ~~~ :. ..... 1:..< l"L'fI. ~.~ .. lS.8. I.;(~"_ 1. .-'.I.n .. ·l ... I ~ 

{ 1 " ""'1 ' , 'i" '1 ,-1 " I ,C01111lKHl anoce l ,1 le m n ut3 on tne ie t \l,G W t 1e vanOU'3 '3CQ,nents ot t 1C mS1) av, , v ~ ~. . v 

on the disnlav ,},Jote tbl1 it takes D. GNU vdt;:wc (LOW lo~:,;c levd) 11) activate the LED ... ...' ..... . ...... . 

s~~glDent on this display, [3,14] 

25 



~,twr:ent ()n this displav - fJl 
<.' ,,- • .. - ~... 

ttl 

~ ;;::::;; ~ .\ 
nc::. .. ;:;::;::] n I 
u ! ::::::l U I 

f! 

U1 

primary and ~e(:ond::;;ry. Tlh~ primary and the secondary atf: not eledrkal1y lsoLHcd fron1 each 

nd),x unlike 2-\vinding transfonner and i1$ tmnfJonnation ratin dln:ers frow; unity. 

Volt/turn ;::: {},15. 

Current density 

ow 0.64 
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· .. 1 

The square of length of stacking is directly proponional to the Area of Core; A.c 

,t\.bo, i\C ::: l(oK.s\VI)() / 4. . ... . .................................................................. 4 

Do ;;, Core cirde diwnckr 

"1 r .,. r , ...... 
".:v ::::::::...:\. fL ......... .. ~ ...... ".~,~, .. ,,' .... "" .. ~,., ..... '" 

A.c'""' X:.(vvherc :x:: is the (ort width)" ... " ........................................ " ............. ,,,6 

Number of jW1lin(ltion~;;, Nt.':: I) L ..... , ............................................. , ............. " 7 

Frorn equation 1 

= 0.15 / (1 *4 .. 44»{j .. 4* SO) 

For this dt>sign th~.::: fK!\Ver rating j.s 1 KV/\ 

IZecaH; 

Np ;;, llurnlx'.J' of turns '!n primary 

Ns;:: nmnh:;r ofturns in secondary' 

TransfonuaUon Ratio, K is 

MATHEMATICAL RELATiONS ICAL.CULATIO:--'JS 

27 



Power 00: voltage IV) '" Current {i) 

KVl\ z: V'" r 

~vbxir!lurn current l:fwx z: 1 KVA / Vnns 

100G 1220 ;\ 

4,55 A 

The totd number turn::; 1n (he \",inding NT ::: 71+54+113+85+.155-1-41:: 759 turns 

respect t'J the omput 

Let the s,xol~dary turns be labeled i:lsNsov Ns, ,}---JS2. For non-nal input voltage of 220V 

Nso ::: VpNp!\! S 

::: 220 ,~ 759 ! 220 turns 

00: 759 Turns. 

This 111e~~ns that at norrnal operations the ni.rmbcr (} r turns in primary 'Yvinding is equal to that 

NSf ::: 22(l* 759/ 2.50 turns 

::" 66g turns 

\\-'here then.::: is a hn'ther increase in from nonnd 220V to ~;ay 230V 



N\: '" 220 * 759 ! 280 turns 

:" 596 turns. 

NS-j ::: 220 '" 759! 190 turn;, 

::: 878 turns, 

[p = KV,,\! 0,9 \'p 

"" 1 000/ (0.9 * 220) 

5J)5 A 

WOO! 220 /\ 

1000! 250 A 

... ·tOO/\. 

1 (}{}() ./ 280 !\ 

1000/ 190 /\ 

5.26 A 
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Area of the winding conductors 

\Vhere I '" current U'<) 

A "" area (rnn/) 

J ... 257 * lO~ 

/\.rea ::::: I! J 

1.95mm2 

],57./ (257 * 

/\S3 5.26 j (257 "' lUll 

, 
::: 2J)Sl11In"!. 
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CIIAPl'KR F()Un 

4J) BILL O.F ENGINEERRINGj\'lAl'ERIALS AND EVALlJATI0N 
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CONs'rRuc'rlON~ l'ESTINGAND HIS(:USSION (),F ,RESlJL'fS 

4 t ("('t.l\.J"<>rrn'ic'rlrO'N'· 
.,ll ",n ~ S I I'- t" " ,I ,I. ,~ 

• h' , l . l ' 1 \' t • '1" f\t t .lS pornt Ue var:ous componcnt:3 wen.' so d(:r~x on a v' ero ))oaftL! De 

The step dmvn tnlnsfi-,mner "vas Erst rnounted on the board and cc!nne(ted to the nn.ins 

supply and it vo!tJ.c1ge measured v·;ith a multimekLThe output was observed to be 12V a,c 

form -Ihis ~'LC ompm voitng(; \,:az; fed int<,) a I:<mr diodes n(;t '\.vork arrnngero,ent to convert ,'LC 

d ''1'" It'· 1 ,', i' 1 '~1 ' . h' . Yn r ,( • ,I ne n.e vo tage so O(IWlne( was fi.?( tnroug 1 alL tel' CifCUIt t<) remove t e remalmng 

rippl~;;t, in the system ,The 1 OOOFF CilP~lcitor was soldered on the board to tiller the output of 

about 6,2 V, but 'vvhen it W,b rneaz;ured using a multinlct,:;,!:,- it read 6V ~lt the output of the 

l'eSisfor. 

The bast,:; of the I.e LivB24 \vas soldered on fhe board and the Ie \'v'<lS l.Houmed on the 

k 1), .., -" I I""'! 'FC> soc ,.et .1 lH .) ot fne ~:omparator was connectix to UK' non-inV~;;TtLng Input ,tn.re,ugl1 a 1 f...,.h 

resistor to variable resistor \j R L and the inverting inpm ar pin 2 >''<'<'E, c,onn~;;cted to the output 

of the zener diode to re!)resenJ <'1 referenct::: vo1t~Hle of (h(; 1 C servilw as cornrmrator 1 .220KG J ~. -, 

\VT1S com1cctfd to Be 109 transistor (NPN) through al KG resistor. 

Comparator 2 nnd its pin .5 cormeued tn the output of the zener diDde through a 1 KG 

to tap the reference v'oltage D',H' the second comparator ,Pin (] \vas connected to the variable 



resistor \lR;! through a 1 KQ .1\ 220Kfl resistor was connecti.::d betwf:en pin .5 and pi.n 7 . Pin 

8 was connected to +Vcc and pin 11 to ground. Pin 7 W:lS connu:kd to the second {NPN} 

Be I 09 transistor also through a 11<.0 rcsistm, 

dindi:s vv'(':re conn(;(;ied across each relay, {1cr<)sspin 4 and pin I.The ernitters of t10th 

'I ! ,. . " ,t " , . 1 I.' I ' 110rn1<:U v ODcn co.ntucts c osee Jrns l;er!OfHle(! tl10 S'8lkn O.,'u.'!,e. eit 11.'.1' to m!.w V(Htage ... .'. t ..... ..... 

250V or 10\>.; vdwgt, of 190\1. 

Terminal .2 of the first relay ';V~b conneut~d to 250\/ terrninal of the (j.uto~tr<l.nsforrner, 

also tenuir:al Jot' the second relay 'was connected to 19G V terminal of the autoAYansfo1'111er 

Rday RL? operated :lnd change to tcnnirw.l 2 vv'hen the volt;:1ge V·/;;lS norma! at 220\7 i.e none 

perf orIn the neccss<lry t'i\vitching o]:x;wtion required tor the }'1\tenwJion of the auto-

transformer output knl1inab 

Similarly, fcrr the operation of the digital displa,~,' t<J he actualized, two relays 'Nt'l\:; 

so1d:0red to the \/cro hoard and fhe terminals \Ver0 connected to the inputs ofthe 555 timer 

\vhich is the deL1Y circuit 9V d,c \vas supplied through pin:) to energized the delay circuit 

'which unddavs (tno SET the OU(1)llt Din ~; to a HIGH v"'hk:h is connected to the input of tbe .. i ... ... 

lode circuit 'v'{hkh is a (.lmd ~ bteh Yin2 of the logic Ie W~lS connGz~ted to a high while pin3 
v ' ~ 

'Nas grounded. through NAND gates operD.ying a.s tlip~ nops and the uutput gave aHJGLl:, 

'Nhkh \vas connected 1'0 the display circuit in comrnon anode conngunHion fo display 220V 

at the output. 



at the output. 

resulting i:a nutpms pin 4 to b:;; LO\V and pin7 to ;;\ ITI(jrt this result i:; connected to 

ternl1na\s; band C of the dispky circuii via relay tenninab ifyr an output nf220V to be 

4.2'fESTINC 

trmlsfcH'mer output, thevolt;~ge level indicators v.;ere tested at various 11rnes of th:;; dHY with 

4 ''t u's;'R'PL'lf'S' *~j I'\..I~J: ..... t.) .. 1. :.. 

2S0v, 240v, 190v dc, and in an case, the rcgubt{)l' read '220',' consLmtly. The instituk of 



C1IAPTERFIVE 

5.0 CONCLUSIONS ANn RECOlVl.tV[ENDATHJN 

S.l CONCLlJSIONS 

From the results obtained from the testing of the (A VR). reveals beyond any 

noticing abnormal vdtagebehavir:rrs. 

5.2 RECOlVIl\1ENHATIONS 

For this de:3ign to perfonn rnm::h better, tbe fi)Uo\\'ings (ire rny recl)mrnenduticlT1s; 

L Increasing tlJe number laps of th.r aut(HranSnJrmer vvould enhauo: the sensiti vity of the 

2, The digital display should be desIgn f'.H' the input <'l}3 \vel! through (be us': of decoders and 

drivi:rs v,;-hich are more sens'ltive to voltage changes, 

the use oflogic Ie and relays, its sensitivity to variations in input supplies is qnite slo"v but 

can be ~;nbanced through the usc of dec(){}crs and counkrs, 



(4) G.K. rv1ithal and rvhneeshii C-uptl" Industrial and Fmver Electr(',nii:s, Ninete:;;nth Ed. Fp.80-fU. 

1:. ons 5,20G·t 
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