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ABSTRACT 

~)ver the years, many power supplies and chargers have heen built, but this power supply makvs usc or 
! , 

lminimulll componcnts and the charger is automatic in that it docs stop char/!ing wlll.'l1 the lXlllery I~ 
1 

lrully charged with visual indicator to help a passer by understand. (Red L.E.D). 
li -

i 
Il'he -12V to + 12V power supply meets the 9YX, voltage required at home and in the laboratories ror 
l 

l,ormal operations. The charger could charge batteries requiring less than and up to I 2V. sllch as Car 
I 
~ 
patlcries, it cnn equally be used to charge other types of batteries. 
! 

t'hc thcory, design. circuit analysis and block diagrams with values arc provided to give adequate 
1 

i 
information about the design. The circuit was tested and assembled and it performed satisfilctorily, 
" 



CHAPTER ONE 

1.1 INTRODUCTION 

C.'IIIS"IIIl! ,',lcc'II"liIS' 1'1 Illi", ... 'I!C illlo Ihe Icrmina'" i.e (I)()silivc and Charging a hall cry implies "~,, b 

negative). The eicctrons are caused tn now or migrate frol11 a souree which is at a higher pPlcnli.,1 

Ihan Ihe illst,lIlt,1l1eO\lS potclltial of Ihe hattery 10 h~: recharged. The snun':t' (,I' the Illigl ali!):' 

electron',; is rcrkn.:d to as battery chargcr which is usually powereu hy A.C mains (If 2.1OV '.uppl.\. 

The charger converts the A.C into appropriate D.C \cvclto charge the hattery. 

Ikl(lrc this present tillle, baUery chargers were usually made up or vcry hig transhll'mcr'; \\illl a 

power diode for rectilicatiol1. these types of batterics arc very hulky and non-automatic due to tile 

electrical components lIsed in the design. Ihus. they consuille and waste power. 

This project intcnds to divulge into automatic bauery charger with over voltage protectioll. It h 

auttlmatic because unlike the cOIlVentional battery chargers which as curlier stated usc (l!ll~ 

tr,ll,,;fi)I'JllCr aud powcr diodes. this lIses si I icon COlllwllcd Reel i lieI''> (SCIC) ;I'> ~·.w ilL:hc~ .. whi,:h 

regulates the influx ofelcctron intu the charging ports of the hattery (terminal) . 

. ~ 
~ Ilowcvcr, If)!' the SCI{s to operate. power supply giving rise to direct current an: quite C';:,;cl1tl;lI. 
A 

The constant p(IWer supply has tu be recti lied to direct current. The constant power supply 1.\ 

sinusoidal in i.e. alternating from the posit ivc path to the negative path 011 a ('mv!':·\ incal p"th 

whcn displayed on an oscilloscope. Rectilieatiol1 involves changing the a\ternatin!~ t'urn.:nl (\1111'111 

to direct current out put by continual reversal of irs direction of now, rising to a maximum value 

Oil nile direction, dropping to I.ern, and then rising to maximum in Ihe opposite directioll. 

To change such an oscillating signal illto a unidirectional path, a device is required that <1110\\:, 

cutTenf !n 11m" in one direction hut prevent now in the opposite dirccti(lll. Sth.:h a dC'\! kc i" kl\(I\\11 

as a diode. 

If an alternating current is applied to a diodc, there would ollly he conduction during one hall' cycle 

giving pulsating hut IInidirectional output. This is termed halfwavc rcclilicatioll. Lflicimc" 1'1.">1111 

if hoth halves of the allcrnating input cycles were used. This can be achieved by using two dindcs 
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"\ coupled togethcr; each arranged to conduct at alternate cycle, lhis is termed rllll-\\(Jv(.~s 

redi licalion. 

A simply rectified oUlput consist or a series of hall' sine waves, though, it is not smooth. The 110n·· 

smoolh nalurt: is duc 10 varialion in power supply which is termed as R ipplcs.1 his riprlc~; 

produces intokrabk (lnd unacceptahle hllm in audio and amplil)'ing circuils. i\ filter i" (hWi 

adopted to smoothen the reclified output. i\ filler consist of suitable arrangement 01 ;1 clpaci!,lr 

al1d/or an inductor wilh a desirahle resistor. the capacilor is charged hy the IIllsllloolil (lll:pul alld 

slowly discharges IIllt:/ recharged to reak vullie by the next current wave. This gives rise '(ldin:~'1 

ClInl'nt \\lith a reduced amount or ripples. 1\ practically pure direct cutTenl is ohtained hy alII 'plilll.', 

an improved capacitor with high capacilive reactance. 

Variation in the alternating input result in fluctuation III the rcctilied output. When a rOIl~;ta!lt 

llUtput j<, required, some means of stabilizalion is adopted althc output. This is done by pa:,,-:illg the 

rectified output through a device whose conducting properties are essentially independent nf the 

inpllt. 

In Chapter one. haUery charger and over voltage protection was introduced. The charger and the 

power supply has a variable voltage supply to cater ror both laboralory anu dpl1ll'stic needs. 

I ,itcralun:. Review is also made hcrein. 

Chapter two disellsses brier history or batteries. the chemistry and different typcs or hallvtic';. 

different forms of charging is equally Jisclisseu, baltery r<Jtings, baUery lililun:, die,:! 1.'1 

temperature and the direction of current flow in batteries were discussed. Furthermore. the 

Iranslonner, rectifiers and their variolls I<mns i.e. hall:'wave n:ctiticr, full-wave rectifier and (/h: 

hrid~",··rl·ctiriers \vere discussed. J-'iltcril1g circuits and voltage regulators were not leli 0\11 Ill'llll' 

discussion. 

('hapler Three Jisclisses how Ihe power stlpply and the charger were de'iiglled. Thi~; chapkr i<: 

further divided into sections, section one comprised of the transforn1l;'r. redilicr anJ ·'j\\i\l.:h 

Sections two consisl of smoothening of the recti lied vollagc and voltage regulators. Sect ion thl\.'l' 
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consist of the charging section for the 12 V battery charger. the principle of operation and the ppwcr 

supply were also discussed. 

Chapter f(mr discus~es the layout, construction and testing of the entire pn~jcet. 

Chapter livc is testing. conc1usi()Jl and recolllmcndation aboutthc pn:ject. 

AHached is Appendix 1\: Circuit diagram. 

1.2 LITERATtJRE REVIEW 

The design orlllodcrIl hallcrics dalt:s hack li'mll the discovery hy an Italian. i\lotlndro Vull ... 111 

Ihe year IROO, he descrihed the first ballery k nowil as Volta pi Ie or Voltaic cell. II CPllsi "I\:d of" ,] 

number of cells in series. each made up or a disc or silver, a disc or paper or cllllh soaked in salt 

<;ollllion. and a disc or/inc. The first cell not subject to polari/,alion was developed hy .Iohn Daniell 

in 1836, Ilis cdl has negative electrode which was dipped into a dilute sulphuric acid cb.:trolyk 

and a positive dectrode of copper in a saturated copper sulphate solution. The two liquid:, \\LTC 

:,cparated by a porous memnrane, A conventional dcpolarizer was tirsl used in 1839 by Sir Willi:,,]) 

Grovc. who made a cell which consisted ora linc negative dcctrnde dipped inlo dilt'tt~ ~Illphlll'i(' 

acid and separated by a porous pot 11'0111 thc uepolaril.cr-nitric acid- which is surrounded by a 

positive electrode ofplantilllllll, Rohert Bunscn Latcr replaced the plantiulll v"ilh carbnll, TIll' 

I ,cchlal1che cdl was presented ill I XM~ by (icrgcs Icchanche. 

At first. these cdls were prillcipally used to recharge storage batteries or acclIlllulators ol"thc kad-

acid typc. 



(,JlAPTER TWO 

A primary cell once discharged, is no longer usable. Tht..: chemical action that C\i<;cllLlrged the 

battery cannot be reversed, and the cell cannot h(; regcm:rakd i\<; a source 01" (:Iectric pnwcr. rile 

, 11 . I hI rill' chemical action is revcrsihk; the electrodes and 
~ secondary type of baltery cc IS rec 1argca c. 

'electrOlyte can be restored to the same make up that existed bd()re the discllargc. Thi~; action is 

'called charging the cel\. The charging circliit must be supplied b~ an external A.C.. voltage source, 

with the cdl serving just as a load resistance. Tile discharging and recll(\r~'illg or a cell is called 

recycling of the cell. Since a secondary cell can be recharged, it is also called a ~,t\)!'agc cell and a 

I battery made lip ofsllch cells is called a storage baUery. 

j A cell is [heret,,,e considered as being eOlllposed 01" a plalc of copper and zme dipped into dil"Ie 

I [clraoxo solpha[e iv acid. Thus. [he essence 01" a ballery charger is [0 inject !i'OIll bo[h plaICs ,)1" 

I which one is positive and one negative suf'lIcicnt amount or current to recycle the electrons in the 
J 
t electrolyte of'the cell in a battery. The llIost COllll11011 type or storage baltery is the lead-acid baltery 

t I lIsed in cars and otlH:r <llltol11obi ks. 

12.1 tlAStC CHEMISTRY 011 TIlE tlATTI<;RY 

When the (.;opper and zinc plate or a sinple cell are joined by a wire, the l.inc Slowly begills to 

dissolve in the h~traoxo sulphate iv acid, bubbles or hydrogen arc formed 011 the cnpper plate. At 

I
. this time, e1ec[ron drill through [he wire Irom [he zille pla[c [0 [he copper pla[e . 

. This action may be explained as thus: Pure lclraoxo sulphate IV acid has the chemical 1(H'lnu\a as 
r 

I-hSO,t, but when added to water, the SOl group or atoms separate or dissociate frolll each hydrogen 

Ih atom taking two electrons with them, one li'om each hydrogen atom. The hydrogen alOl11 

f 
theref()re has a net positive charge. In this electrically charged condition, the atom or groups 01" 

t 
.1 atoms are referred to as ions. The ionization or tetraoxo sulphal\.: iv acid in water call bl' 
i 
I represented by: 
l 
i 
j H 2S04 --~2fl'l S'O/ 

14 



CHAPTER TWO 

A primary cdl onc~ discharged, is lit) longer lIsabk. The dlCmical action that di~.;ch;l1W·d 111\: 

haltery C;ll1nnt he reversed .. and the cell CHIlllnl he reg,-~ncratl'd ;lS a .SOIlIU' ()f dcctrk powcr. Thl' 

:-,ecolldary type or hattery cdl is rechargeable. The ch~lllical action is n.:vcrsihk: thL' eleclrmirs and 

cleclrolyt~ can be restored to the same make liP that existed benll"~ th~ discharge. This action is 

calkd charg.ing the cell. Th~ dwrging circuit Illust he supplied by <.In external I\.c.. vlllt"lrc source. 

\\ith the cell serving .illst as a load resistance. The discharging alld recharging Ill' a cell is calkd 

recycling of thc cd\. Since a secondary cell can he rechargclL it is also called a slor:,W' cdl ;1I1d ,I 

ba\tcry made lip or slich cells is called a storage baUery. 

A rell is tlicrcl(JI"(: c()nsid~red as being composed 01" a plate pI" corp~r "lid line dipped illlo dilllll: 

slliphuric acid. ThllS, the essence or a battery charger is to inject 1"1"(1111 holh plates (,I" which II1\!.: is 

positivl' and une negative sunicient amount or current to recycle the electrons in lhe electrolyte 0\ 

the cell ill a h<lltery. The mosl common type or storage battery is the lead-acid hattery u~ed in C::lI"S 

and 01 her auloillobi ks. 

2.1 BASIC CIlfi:MISTRY OF TilE flATTERY 

When the copper and zinc plate or a sinp\c cell arc joined by a wire. the I,inc slowl) bl:gills !o 

diss()lvc ill Ihe SUlphuric acid, hllhhlc~; o\" hydrpgcll are lill'll1ed 1111 Ihe e(lPlwr pl;llc. ;\t thi·, IlIllC. 

eleclron dri 11 through the wire from the I,inc plate to the copper plate. 

This action may be explained as thus: Pure sulphuric acid has lhe chemical k'rllluia as 11 2SO I• hut 

when added to \\later, the SO,,- group of atoms separate or dissociate from each hY'drngen II,~ atoll1 

laking lwp electrons wilh them, one ti'o!1l each hydrogen atol1l. The hydrogen atl)lll therefore 11<Is a 

nel positive charge. In this electrically charged condition, the atom or groups or atoms are rcli..'rrcd 

to as iuns. The ioniDltion or sulphuric acid in water call he represented hy: 

H /';;0,/ --.211' 1- sol 

As line atoms dissolve from the I.im: plale. they go inln solUlion in the (ill'm o\"finc i()n~; /,,". e<lcll 

(l\"which kaves two eit:ctrons behind on the plate. These elcctnms are the spurn: of the clcclrPll 



As zint: atoms dissolve from the zinc plate, they go into solution in thl.: form of zinc ions LI/"', ,:ach 
. 

of which \caves two electrons behind on the plate. 'These electrons arc the source of tht: ekclron 

current which goes through the wire from the ;:inc to the copper. We may think of thc l.inc ions as 

being attracted into the solution which could be dcscribed hy saying that the zinc dissolves itl the 

tctraoxo sulphate iv acid to produce zinc sulphate. 

This is illustrated in the Figures helow. 

See Figure I: a,b,c,d. 

The Charging process 

\ 
+ 2Ih~'().J Ph 

(Positive plate) (I~leelrolyk) (Negative Plate) 

The DisdHlrgc process 

PhSO" 2JhO 'f PhSO.; 

(positive plate) (L1cetrolytc) 

Usually, when zinc dissolves in acid, illternal molecular energy is produced and the solution~: gets 

warmed. In the simple cell, the actioll of the acid on the zinc results in the production of electric 

energy. At the same time, as the zinc ions enter the solution from the zint: plate, an equivait:nt 

number of hydrogcn ions will leave thc solution and deposit themsc!ves on the copper plale. I \ere 

they n.:ceivc an election from the copper, become neutral atoms and are liberated to 1(1rI11 gas 

bubbles. 

When a simple cell is in usc, it is round that the current rapidly nills to a very small value. This 

defect results \i'om the l'ormation or a layer of hydrogen bubbles on the copper platc and is called 

polarization or the cell. II' the I.inc used in the simple cell is of the impure commercial variety. 

bubbles or hydrogen wi II be secn corn ing 01'1' the zinc. Til is is called local act ion and Illllst nut be 

confused with polarization, which is the name given to the 1()fIlIation or hydrogl~11 bubbks 011 lhe 

copper plate. Local action is caused by the presence in the zinc of small impurities such as irun PI' 

carhon which st.:ls lip the tiny local cells at the zinc surfaccs. Bubbles or hydrogell arc given olT 

15 



current \~hich goes through the wire ('rom the linc to the C('PIWL We may think (If the line ion<; ;1'; 

heing attracted inlo the solution \"hieh c(luld he tkscrihed hy sayill/!. Iha\ lhe linc djss(\lvc~, ill Ihe 

sulphuric acid 1<1 produce zinc sulphate. 

This is illustrated in l~e Figures below. 

See Figure I: a,I1,<:,d. 

I t The (~harging process 

f / 'h 

i , (Pn,it.in: plate) (Fieclrolylc) (Negativc Plate) 

The l>is(.·har~l· process 
I 

f /'h.W), 21/,() I' h.W ), 
, 
~ 
[ 

J 
i , 
I 
t 

I ppsitivc plate) (Flcctrolytc) (Negative plate) 

Usuallv, when zinc dissolves ill acid, internal molecular energy is produced <lml!he solutioll<' l~ct·, 

wanm:o. In the simple celL the action of the lleid on the linc results in the production (II' cb:trjc 

energy. At the same time, as the zinc ions cntcr the soilltioll 11"0111 the zillc plair. an eqllivalent 

IIllmber or hydwt.en ions will leave the solution and deposit themselves 011 the copper plak. l!ere 

the\' n:eeivc all electron ii"om the coppcr. become neutral atoms and arc liberated to fnrmgas 

buhbles. 

When a simple cell is in lise. it is fi.)lllld that the current rapidly tails to a very small valuc. This 

dded results hom the 1()\'Ilwtion oj" a layer or hydrogen buhbles Oil the CUrwT plate ,lilt! is called 

rolari/.atioll of the cell. II' the 7ine used in the simple cell is or the impure cOlllmCl"cial variely. 

huhbks of hydrogen will be secn coming olT the zinc. This is calied local action and Inusl nnt he 

confused with rolaril.ation. which is the name given to the formation or h)urogcn bubblc~; Oil the 

coppn plale. I.oeal action is caused hy the presence in the I.inc or small impurities such (IS ir(l11 (II' 

Carb(lll which sets lip the tiny local cells at the zinc surl~lCcs. Bubbles or hydrogen are given olT 

I'rolll the impurities and the surrounding I.ine slowly dissolves ill the add. This ca!lcasil) hc 

prcvt..:nt<.:d hy clcaning tht..: 7inc in the sulphurit..: acid and then rubbing a small glohuk or llIercury 

lb 
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from the impurities and the surrounding zinc slowly dissolves in the acid. This can casily be 

pn:vented by cleaning the zinc in the tdraoxo sulphate iv Hcid ~md then rubbing a small globule or 

mercury over the surface with a small piece of colton wool. The mercury dissolves pun.: ;I.inc out of 

the plate and t()fIns a bright coating orzinc amalgam all oycr the surfllce. 'fhe local action will not 

occur since the amalgam covers up the impurities and prevent them from coming in contact \-vith 

thc acid. 

2.2 TYPES OF BATTERmS 

Laclanche cell 

ii Dry cell 

iii 'I he Icad-a<.:id cell 

IV Alkaline battery 

The first two arc examples or primary cell while the last two are examples or secondary cclls. 

2.3 CIIARGING A BATTERY 

Charging a battery mcans causing electrons to now into the negative terminal. \11 the Car. this is 

p<.:rl'ormcu by the alternator. J\. battery may also be chargcu using a ballery charger. Thl~ charger 

converts the AC into the proper DC voltage level to charge the battery. ;\ hattery has ccrtaill 

internal resistance. These indude: the resistance of the plates and COl111l:clors allJ the resi"tance 

ollered by the electrolytes. The resistallce o(fcred by el~ctrolytc is greater at lower telllperatures. 

Therefore, at low temperature, a battery olfcrs a greater rcsi'itance to charging curren\. When ~l 

battery charger is connected to a battery, the chalw~r voltage (which is applied [0 the haltery 

terminals) is equal to the internal voltage plus the voltage drop across the illternal resi~tallc(:. This 

is stated as thus: 

C. V .c. /. V -\ V d. 

Where C. V' Charger vol/age; 

/. V~: Inlernal Voltage (~(the /wllelY 

V.d" Vollage drop across Ihe lerminals (~lthe B(/Ilet)'. 
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over the surface with n smull piecc of cotton wool. Thc mercury dissolve.,; pure I,inc out or the plate 

amI forms a bright coating or zillc <lIlHllgam allover Ihe slIr(;lCe. 'I hc local action \\ ill nol \lccur 

since the amalgam covers up the impurities and prevclllthelll li'o!1l coming in (()l1tact with t.he 'Kid. 

2.2 TYPES OF BATTERIES 

Ladanchc cell 

" I )ry cell 

iii The lead-acid ccll 

iv Alkaline battery 

The lirst two arc examples of primary cdl while the hl'>l two arc cxampk~ or sccomlary cell<;. 

2J CHAI{GING A IJATTEI{Y 

Charging a baltcry means causing ell'clrons to 110\,,, into the negative lerminal. 111 Ihe (';Jf, !hi:. ic, 

perlilrtlH:J by the altl'rnator. i\ baltery may also be charged lIsing a balter) chargeLlll\" ch<lrgt.'r 

C(lllvcrls Ihe i\C into the proper DC voltage level 10 charge the baltery. i\ ballery ha<; ccrl,Jill 

inlcrnal n:sistanee. These include: the resistanct: of the plah:s alld conncctorc.; and the re:',i"tance 

pfl!:rt'd hy Ihe electrolyles. The resi<;lanee orkrcd 11) l'ledrlll),le i<; ~rcalcr al Im'vtT !l'Illl',,:r;I!IIIC'; 

I hl.:rcrorc. al low telllperalure, a hallery t1fkr<; a greakr n.:sistancl' to charging OIlTell!. When;1 

baltery charger is connecled to a baltery. the charger voltage (which is applied 10 the baiter:, 

terminals) is equal to the internal voltage plus the voltage drop across the internal rl'sistancl'.1 hi~; 

is stated as thus: 

('V - I.V I I/o d. 

IVherc C. V· Charger vollage; 

r // -.- Inlerna/ VO/fage olthe halteT), 

V.d ,c Voltage drop across the fermillols o/llie Ballel)'. 

Thl' voltage drop"" JR, is caused by the charging current Illowing throllgh thc internal resistance I( 

Ihis is liHIlHi \Ising Ohms' law. The inlcrnal voltage or the baIler), varies wilh the stall: or char!:,-,-:. 

When the state or charge is low, the internal voltage is low: similarly, when the slate or char!;:c i:, 

high. lhl.~ inlL'rnal voltage is high. Therefore, when a ballery is low in charge. il acceph 11lPIT 

11 



chargin!!, current hecause of the greater voltage di fferencc hetwccn the charger and the internal 

voltage. When the haUery is fully charged. it will accept (llll~ il slllilll JIllOlllll ()r char~inp current 

because of the smaller voltage dilkrcnec. Hence. a baUery tends to self-regulate irs discharging 

currcnl. Because of the inkrnal resistance of the haltery. heat is gellt:r3lcd when a battery is 

chargeu (I' IN). Irthe charging currcnt i'; too high. the hattery call he damaged hy' OWl' healing.. 

When a hattery is being charged. the temperature orlhl' eb.:trnlyte should ncver go ah\ln' U5'1 

(51 7 "c). 

Somc charging methods employed inclllde: constant currcnt, constant voltage methods, bOIl...;kr or 

high rate charging and trickle charging or slow rall~ charging mcthod...;. 

CONSTANT C\JRnENT CIIAIH;IN<;: 

;\ charger or this lype generally employs a reclilier. The rectifier may be or gas 1IIled hllih 

type or series or copper oxide or uther chemical drives. The recti lier also incorporates some 

limn rtf' rheostat to adjust the amount or charging CUITCIlt as il c(lnli)l"fTls In Ihe hlttcry 

Inal1ulilcturers rccotnmelllkd values. I I" balteri~~'i (II" d i Ikn.:nt ral iugs an: being chart:Cl.1 In 

scric';, the charging rate should he divided hy the hallery with Ihe lowc:--.t r;ltirw. II 

somehow, the rating cannot be determined, the haltery may be charged allhe 1.5/\ ratc. 

CONSTANT VOLTAGE CHAHGING 

Ihe constant voltage charging is operated on the principle that as the ballery llelilS its 

charge, the terminal voltage increases. This lype (If charger is Ilnthing but a mO(1I1' 

generator-set. Thc generator may give 7.6v li)r 6\1 hattery anti it rould give 15v lilr 12\ 

hatteries. When a battery that is in a dischargc condition is connccted to the generator. ;1 

high rail' or charging current will now into tlw battery. As the baUery nears its charge. it's 

Icnllinal voltage will increase wilh ;ncre;lse ill opposilion 10 chargillg ClIITenl. TIt;-. HIGH\:, 

thaI the charging current tarers olT as Ih(: baHery approaches the charged cPIl<iilil'il. II j,; 

nllle wurthy lhat this aclion is based 011 lhe assumptioll lhat the hailer} temperature dlle:, IIul 



temperature or the electrolyte so that it is prevenh.:u liOlll exceeding 50'\;. Typic;]16(/Af{ 

Car hallery having an eicclrolyk speci lie gravity PI' 1.1 ~o with a ,·IOA l~lIlTCllt r{llt: I.:(lldd 

require one hour ftlr charging. Thc charging lilllC 'v\ill he less ,,,ilh hii-!hcr I'kdll.\:V1c 

gravities. lienee, the charging time \vill he hall' an hour 1(1I' an electrolyte \vith 1.14." . 

1.200 to 1.225. 'v\helllhc ekctmlytc specilic gravity reaches 1.225. a cOInplction ellargc rate 

should he given to the battery. 

A battery shol'ld not he s\lhjected to I 11 ore thall -" 10 [ilm's to high 1;11t: urlh; lr1!ill1!_ iiI It:. 

lire timc otherwise, its life :,pall witllTducc considerahly. In addition, IInv hattnics ',hollkl 

no\. he chargcu hy this process. 

2,4 EFFECT OF TEMPERATURE ON BATTElUES 

lligh tcmpcratun: increases the chemical activities in a hallet")'. In high temperature arc,is ( tropical 

arca~), hatteries are manufactured \vith an electrolyte that is weaker in acid. The batteril's lik I_S 

kl1/;thclled because, Ihe wcakcr acid is less deteriorating to plates andsepllfators. 

i\! 10\\ tcmperatures, the elkctiveness or a huttery is greatly reduced. As internal rcsisl;1I1n' il!';1 

baUery incrcases, the chemical activities is retarded. 

25 BATTEHY FAIUJlH~ 

Hatlcry I~ljl\lre call he classified as over charging. cyding. sulphalioll and c;..tern;d Shtlri c!n:llil. 

Thcre <Ire other 1~lilurcs which could result Ii'olll causcs outside the haUcry; lilillirc such <1', ill'l1nlPcr 

voltage rcglliutor adjustmcnt. defective generatur. loosc battery mounting, ballery tcrminal 

corrosion etc. 

Somctimcs. it would be necessary to opcn up the baltcry 10 determinc the eallsc of' I~\jlurc_ 

2.6 THE POWEH SUPPLY 

l'.Ieclrollic systcm requircs a SOllnx or D.C. power supply except in the casc or h<ltlery p(lwcn:d 

(portable) equipment. the A.C maillS (240V. 50111.) must be conncctcd 10 the apprnprialc 1)(

voltagl'. This is perltH'lllcd in a powcr supply unit (I'SlJ) \vhich usually cOlllpriscs ilia Irall.',{(JI'IlH:r. 



fI..'ctificrs. IIlkrs and voltage regulator. I'he lirst three st<lges hring out an 1IIlreglilalt.:d ()f 'ntw' )).(' 

supply. The unregulated ~lIpply is not orhigh quality. its D.C output voltage can I~tll quiet 

sigllillcantly wilh load currenl demand and it is super imposed on the mean D.C voltagc. all /\.C 

component (or hUIll) at a mains-related fj·cqucllcy. 

2.7 THE TRANSFORI\:lEI{ 

111 a power supply unit. the translill"lller is thc component which converts (or transll 1nns) the A.C. 

mains voltage to a higher or (u.sually) lo\\er /\.C. v(1ltagc. hllldalllcntaily. a traW';((lflllCr C(1I1~:i:;1'; Ilf 

twn \'nils (or willdin~ls) inductively c(111pkd h~· ;1 1l1:1!'.Ill'ti(· ('(m'. Ihl' illpIII WilidiIlP .. (';dkd tlJl' 

primary winding wherein the incollling l1lains voltagc is kd .and s(((1111.11). Ihe olltput "villding, 

called the secondary side or unit where from the tranSI(lrIller A.C voltage i.s !Cd out. The ratio or 

the primary to the secondary voltage is equal to the ratio of the number (II' tUniS ill each winding. 

This b shown in Fig. 2 

2.8 RECTIFIERS 

The wave fi)J'lll or lhe transf(mner secondary V(lllage is bi-directional and sinu~oidal. T(1 converl 

thi~, !\.C as mentioned earlier involves lIsually the usc or nne or more silic(ln dind",'; scb:(cd ((I 

IWlldk the required voltage and current. The essence of rectification is In cll';mc thal the inC(lllting 

the vl)ltagc is required to be converted to a D.C (direct current) level. The reclilicr~; (lrc ol'dirkrel11 

kinds as: 

I lair wave Rectifier 

II Full- wave Rectifier 

III Bridge Reclifier. 

These ditferent types of reclifiers are adoptcd to rcalil.c diffcrent results. It is ll1clltil'll \\Inrthy that: 

The bridge reclifler is a (olllbillatioll or both the halfwlIve rectilicr alld rull \littVc rcctilicr.-; with the 

l:onstitucllt diodcs properly hiased. 

jf 
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2.9 HALli WAVE RECTIFmn. 

I'ht: circllit in figure ,\ (:I.h) assul1les a sinllsoidal vollage V / ',"';;//\I'f al lilt, :';cc()IHLiI) III' I Ill: 

tranSff.)fIllCf and a rectifier diode is connected in scries with a resislive Inao acny.;s whirh the out pIli 

din:cl current C\.C) is to be developed. 

In eflrd. the secondary of the tranSf(lrIllCr is acting as a voltage ~',enerator and the voltage deliven:d 

10 Ihe circuit will be shared between the diode and the load in the circliit. 

When.: V ~'/II fR,. 

VI! ~,- diodc instantaneolls voltage drop 

I = inslantane(,lIS current 

When V is p(lsilivc. lhe diotic is tilmanl biased hence, VI) i'; slll:IIL at a peak vallie (II' ;lh{llit O()V 

and current is dclivt:rcd ttl tht: load. Wht~n V is negativt:, lhe diode is reversed hiased. and "illn~ 

reverse bias I'<.:si~;tancc is very much grealer Ihall RI.. th<..~ instantaneolls voltage (Inlp aero",'; the 

diode is cquallll the applied voltage V. Only slllalileakage ClIrrcnt flows 10 the IOild and the l'lltTI 

(illl lI.sually he ignored. The wave !i.mns arc slwv,'11 in the figures prcsellted. 'fhe (lwrag,,· \(litagc is 

t'.iVl'll by integratillg the positive halrcycle over (1 complete cycle. 

2.W FULL WAVE RECTIFIER: 

lJy llsing. a second diode. connected as shown in Fig. <l (a,h). It is possible to have current f1(lWinl:' 

in the load resistor Itll' the whole or the inpllt volt:Jge cyck. I'lle circllit h<lsic;lIly u)lI<;i~,( \11 I\\(l 

half-wave n:ctifiers that conduct at alternate hal r cycles. 

The transllmncr secondary has a center tap so that during lht~ !irsl cycle (II' input voltage. the diode 

DI ~:\llldlicts and lhe resulting elitTent !1tH\, alld voltage across resistor R is the same <l~; tlwt fur the 

hal I' wave arrangement. 

During the second half cyclc 01' input voltage. the diouc D2 conducts. while l), is 011 providin~~ 

~url'cnt !low through and a voltage drop across R, as hcf<H·C. The wave form j<; shown in lhl' tiiJ,lII't: 

here presented. 
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The voltage dcydopcd is given by: 

Vd , FT/OjJ - Vp) , O.637(VIJ - I '/J)I'O!fs 

'I he amount ofripplcs is reduced compared with lhe circllit ofhalfwayc rectilier. 

2.1 J THE HRII)GE RECTIFIF,R: 

The lilli-wave hridge rectifier does not require a celltre-lapped tran~I\'n11l:r, !hl' circuit is <I:.; \h(),.\o" 

in the ligurc here presented i.e lig.5 (a.b.c.d). 

During the first posilive halrcyelc. when point!\ is positive with n:specl to point B. diodes \)' ;11111 

III condllcts \\hile diodes D, and D\ arc reverse hiased. 

,t\s showll, the tral1slimner winding is always cOllllrclt.;d tt) tlw load hutlhe sense or connection 

n:vuscs with cal.:h reversal orthc alternating input yolta/,:e. There is a \,oltagl.: (lUll'u1 ~;illlil;11 l(l 111;'1 

orthc full wave rectifier but with a peak output voltage equal to the peak input v(lltagt.: offhe 

secondary. 2V" volts. sillce two diodes arc conducting in series for each input halr .. cyck.1 hI.' 

resulting wave limn is ~hown as presented in figure 6. 

The half-wave reclilier is simple but its average DC vllitage outpllt is low with cOllsidcrabk rippll:. 

Thl..' rippk cOl1lponent has a frequency orlhe same value as the input wave 1(11'111 i.e ,,011/ if Illain:, 

supply is used. 

The lull-wave and the hridge n.:ctilicrs butb give improVl'd average direct cml'l..'llt \Idt;lt'-I..' levcl'; 

wilh n:ducnl ripples. 

Hcclilic,llioll is applicable obviously III direct CIIITCIlI powcr supply. These ;m' 1111Il1er;lhk. hul 

include llIost ckclnlllic gadgets, cleelricallracliolt electrolysis and ballery chargillg, I'<Hlio. T.V and 

ill amplifier circuits. The type of amplifier and the nature (If the associated sllI(loliling and 

stal..,ilizatiol1 circuitry ~kpcnds entirely 011 the intended application or the n:slliting ~;llpr'Y Ill" P(li\C/'· 

For small pmvcr installations such as domestic radio rcceiwrs, the sel11i-contiIlCl() .. di(ldl:~; ,\lId the 

Vat:lllllll diode are the principal rcclilY'ing clements. 
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· . \" . I' '1'· 'illl T \,o<;ili\'(: or "C"'lliV(' wilh At the output of the rcclilicr, the voltage 10.; Uilit IITctlOIlH 1.<: I I~, C c. .' ,-" . 

respcd to earth, depending on which way the diodc<; arc C()!lIwc\cd. Bu!. il i~; hy no \11<:;m<., 

l;OI1<;tanl. It contains harnwnics or Ih:qllCllcic<;. The ripple (\1\1 he largely filtered (slll()OIiH-'I1Cd) ,,'; 

~illOWI1 in the ligures below (fig. 7). 

2.1 ~ SMOOTHING CIRClJlTS: 

Tht' simplest \vay to sllHlolhen the v()l1agc Plitput of r\ !\x,tilkr is to nliflil1li/l~ lhe ripple<; and 

give a hdter appro", imatioll or a 1 U' voltagc. '1 his i~; achieved hy IIsin),! cap;lciIOl'<'; in 

parallel \\,jth the n;si,o.;tiw load (IS "hmv!) ill fig. 7(h). The crkcl oraddillg a l:apacihll' I~, 10 

prevenl the output voltage from !lllling to I,cm as the diode cuts (III Durin,; Ihe pnsitiv\' 

half-cycle olinput voltage, the diode CPlllilictS alld its 1111\vmd rurn:llts \\illllmv 10 l iJargl' 

the capacitor. The output voltage Hnd the voltage across the capacitor become ma.\ill1!1111. 

Whe" the diode becomes rl~versed hiaslxl. since the voltage (Inns,'; the rap;1Citur i~, gr;lkr 

than the applied voltage. the capacitor now begins to diq:harlle throllt',h the IO;H.l n:~;!o.;to, 1;1· 

Thu<.;. the voltage across the capacitor and hence, the Olltput voltage f~llls exponentially with 

:1 tillll' conslant t sc\,.'onds. The instantaneous voltage across the capacitur and II)(1d at ;\11) 

lillie during the period the tliodc is Cllt olTis given by: 

I, (lj! '"0) <' 1(11 (1'O/ls) 

,r the time constant (,: CN, is chosen to be mllch greater thall t he period of thc slIppl y W;WI' 

f()fIl', then the capacitor will not loose l1H1Ch or irs charges befl1re the diode conducts again 

and restore the output voltage to its peak value once more. Voltage and current wave !i ,PH 

an: hen: ill pre~jenled. Frolll the wave Ii.mns, it call be Sl~en thai the output wave I(mn 

c!""'f1sist of a mean value 1/(1(' upon whieh is super imposed a ripple voltage. The peal, value 

of which is: 

.2.4 
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_ . It! ~. tl ,t \1 ' ':'1'1)\" \/ol\ane ('011 Itl hI.: rcducnl h) From the I1gurc presented. It \Vou appu\I \., 1C ,~ . ( t- . 

increasing the time constant. so that thc c;lp;ll"itor ( , dist:hargcs 1l1\1r( slp\\l') <1111.1 \\ 1,"\,1 

thl'rer<'1"c not havc ralkn hy so much when the inpllt V(llt;q.'.<: al!.ain call',CS ( 'Id t;h;l1 ;:l' !he 

time constant may be increased by lIsing large value or ('. However. Ihet'f~ is a limit t(l (he 

l1pper value that (' can accotnmodate. Since the diode (1111y conducts when Ihe inpl1t voltarc 

is greater than Y. then the lower the ripple vollage the smaller lhe lime (lvailablc to 

recharge the capacitor. The current pulse delivers the n:quired load currenl (."illn: the llKan 

,;urrent passed hy the diode must equal tlw load current). Thi" valuc could hc exceeded it 

the value of C is too large. causing damage to the transformer or dimk (11' evcll lwtll. 

\\.'hcn the diotic has charged (' tn a peak value. this value is lllailltaim:d '" J i'. 0,;0 Iklt tlK 

diOlk must be able to withslallll a I'll' (peak inverse voltage) (1 r appro:>; i 1ll~l1tly .' Ii"· llll' 

m<l:-..iml1ll1 reverse bias voltage which a diode can \vilhstalld is u:.;ually spcl;ilicd by till.' 

lIlanUI~lcturer. so that suitahle diode can witlbtand safdy the peak inverse voltap.c ut' 2Vp 

Full W;,l.Vc rectifier call he smoothened in much the same way as I()r a ha\l~\\'avc circuit with 

small but important difference listed here under: 

Ripple voltage 1'01' rull anu bridge rectifiers circuit is at twice the frequency orthe hall wave 

circuit. Thus. the discharge time is n:duecd by halFwav&.: circuit, while the ripple vldtavt..' 
• 

reduced equally by hall'. 

11 III lillI-wave circuit, each diode alte1'11alely charge the Glpacilor and when Ihe di()dc 

condu<:ts. it must pass enough current to charge « to it's peak value, SilK!,..· the c;lp~ll:it\'r .,\ ill 

disdlUrge less ill the Itlll-wan' circuit. Then lhe peak currc.:nl thro\1gh each diotic 1'; Ie',~, , , , (approximately halftht: value of the half-wave). 

1 iii Tilt: peak inverse voltage li)1" the lull wave is 2Yp and I()I" the bridge rcctilkr is 2Yp. 'Ill 

I 
~ 
~ 

calculate the output A.C. voltage and the pcak value ol't\1c ripple voltage is nol ('.as~. 
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f 1- r. I) r " 1·lr,·w' rl'ctilll'l' it c'm bc seen thallhc Referring to the output wave form () 19.\)(a.). 01 a ld 'h t:. .. • . 

dim\l' conduct" at all angle uro radian and cllh olT again at illl angle cd /I .: rildian. I lie lall 

in voltage aner the diode cuts olT is exponcntial ami continllcs IIlllil 211-1 () r"dian la\cr. 

when the diode condm;ts again. the process is repel itive. The t)llLplit wave f(JI'111 l11ay be 

2.14 nECTIFIEI~ ANI) CAPACITOR RATIN(;S 

In circuit design. it is important that components ;\re';elcded Ilntjllsl hy value bllt by lllt'ir 

111:t:-imull1 yollage- current lind power ratings as \'11.'11. Utherwise. Ct11lIp()!\ent lailun: cutiltl 

(ICelll'. Recli lier diodes and sl1100then capacitors are no except inll. 

In a hridge recli1ier. the maximum reverse bias 011 each diodc is cqlwltl) VII/ox., the peak 

secondary voltage. Ii II' a ha lI:'wave n.:cli lier and a rull-wave reet i lilT llsing t \YO second",) 

wil\dil1g~ .. the maximum reverse hias voltage is twicL' tilL' peak sccondury voltai:~L'. The pcak 

inverse voltage (plY) rating of the redilier should exceed thesc ligurcs. 

Rcdilier diodes have thrce current ratings indicating their ability to withstand differcnt l10w 

or l:lIr1'enl loads. The mean t'(,rvvard current. the peak repetitive rurrcnl and lhe peak 11011' 

rcpclilive currcnt. For rull-w(J"c and bridge rectifier circuits. the ClVcrill:'-~~ current per dinde 

is one half or the D.C output current. In a half-wave rectilicr. thc single diode carric.; Iht.' 

Ittll ell/Tcnt. The peak repetitive curn:nl is the pea\.; currcnt cil'CIlit required ill every..:yck 

or half cycle tn charge thc smoothing capacitor and providc the 11):1(1 current. 

2.15 HE(;lJLAT01~ 

The secondary/ primary voltage ralio is not sustained as currcnt dnn>,n by a load aern:·;s the 

secondary is jncreased. This is due to losses; magnctic (or iron lossC'.;) arising li'om eddy 

current in the core and copper losses as in the resislivc loads and till' rcsistnm;e or the \\in: 

uSl:d in the core. The rail in voltage due to losses is called regulation, cUllllllonly Jclined as: 
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When: J'dc (lIIilX) . the no-load ~ccollllary voltage and VdC(lIIill) c. Ille vcMagl: unocr Ittll 

load, It is usual I()I' a transformer ~eeondary voltage to be specified at the full load CUITcn! 

\Vhieh is calculated from the quoted V;\(power) rating. allo :,ccontlary vollage. 

Thl: regulation curve is showll in Ihe ligurc below. Th\.' curve shows Ihal r '", (Illill) occurs at I () 

and Vde (max) occurs at the maximum valul: of I. Ideally, I'dl should not vary with charging load 

circuit, this suggests a horizontal straight lillc of value V", (ow.\) 011 thl: graph. In practical circuit 

application, lIw 'i:1I11C output resistance ot"the power supply could calise problems. since signal 

VOIt(lgC'> could appear across the power supply and find its way \.0 ()Iher signal circuit causing 

pn:,sibk n~ei1\ati()11 due to kcd hack. At high signal Ih:quencies, Ihis is no! a prohlem, sincc thc 

shunt eapacilor ofthe recti lier circuit appears as a short ein:uit at these Ih:qucm.:ies. 

. :J. 7 
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CHAPTER THREI~ 

DESIGN AND CONSTRlJCTION 

POWEH. SUPPLY In:SI<;N 

The block diagram shows typical D.C po\\er supply whkh includes the j()!!nwing unit' .. 

c
-------i 

~ Q-:"<,:,G.f-\,..oVv . 

c:.~~1~) 

. ---

.U TRANSFOH,MF:H: 

(.0"'< 0 L.\' ~r(i) l 
,_....... ..l 

.. 

Ilo...'-h·c.~1X-<.\ ~ 

r~\,):t~~ 

\-'8'D) 

\lnkcs w:c oClhe principle ofcicdl'lllllagnctic il1dliCllon to Ilill1S!liflll dcclricll! CII\~If!.J If-<l!il <\111' \P)I 

to allollwr at Ji Ih:n.:l1t level:;. In I his proj\:c1. <l step dllwn <:coin: tapped trarl'·;lorJllcr (\1' :.).,1 V j" \I',\.'(! 

h' provide the necessary vollagc required ill III'..' t'ircllit. 

'-l . 
I N,. 

~ N, I -----I 

..... ..J Nj 

I'llI' a sinllsoidal input \'ollage. the Ihl:\ (I) varies alkrn,llc1y i.c. (II 

where w,e .? j 1/'-

Titus. 1~'lm"x 1IlJ''/\/, ("",a, or the LIll.S. value or /.;, is: 

Er ",,' <"}I1'';'l, q>",ux IV2" 4.44 FN, (IJ","x 

Sim:e lltt,; nll,\ is the same lor the primary and Sl~e(llllinry \\indillg, th\;.~ secondary voltage and 

\'IIITt'lIt could be derived li'om: 

E",,/EIII 4.4·'FN",1/ ([)""lm,.,/ 4,44FN", (j>/llmn y 



11711.\. V,"'I (No1I1 N",) VII' 
3 

Will:',.,,: V;" is the input voltage 

VO'" is the output voHl.Igt: 

IV;/1 is the number or turns in the primary winding 

7'1/"111 is the Ilumber ortUnlS ill the sccullJary winding 

([)"I/! max is the maximum nux in the secondary winuing 

([J
II

, max is the maximulll nux in the primary winJing 

[-;""1 i~; the c.ll1.f\'aluc ufthe secondary \vinding 

F,n i~; the t:,Ill.fvaluc oft!!e prilll<lry winding 

1m N/II 

()r 

Where I", is the input current 

/"111 is the output current combining equal ion 3 anti 4, 

"~,,,,.l·'rr /;" / 1/1/ 

Till' tr:mst(JrlllCr or fig has prillh: I'ri/llon' ,·o/IrI.!.!.(' is 1"'11/ 211'. ''','('cII/ulll/v ('/lrrellt is /",,! 

I (I(}Oil/:' 

From V'II / Vo,,! = I",,! / I", 

Or III, 

That is r24X I ()()O)12/(J I (JO,,/il 

The trallst(lrIller ratio a can be calculated by: 

NolI/N", 240v124v III 



~.4 HECTIFICATION 

Hcctilkatioll illvtllves Ihe conversion or A.(· 10 D.C with the application orreclilicrs. A rectifier is 

an t:\cdronit.: device which offers resistance to the \low or ClIrrellt ill the positive din.:clion (h.1l0\VII 

as f(lrwaru bias) and p;sistance 10 now Ill' current in the negative direction (known a~; rcvcr:~c bia<;). 

Rectiliers may he lIsed to carry Ollt hall' or flill wave redificatioll depending Oil the application In 

this project we shall be concerned only with 1'1111 \"avc bridge rectilier which in essence alkl\\) Iltt: 

nllW (11).(" current in the output throughout the alternating eycks (lilhe illput "igllal. i\ l'oml11011 

type of bridgl.' rectifiers is madc of I()ur discrete diodes arranged in a hridV,e I{)nn. 

I he I'cct{jicn' are c0I111ccled as .\'//(111"11 injigl/l"e h{'/(I II '. 

~ ...... ~ .. 

o +------------------ -- - --- _. --

Flfll hrilf!!.l' n'di/ler ,1\('<1 iff fhl' ('Ollstl'lIefirlll 

Dipdcs Di and D, conduct alternately (A) while D:, and n~ conduct on the nq;atiVl.' hail' l)ck. 

altcrnntely (B). Both conducting cycle,> drive current 1o the I(lad in the salllt: c1irl'l."Iioll. 

-/~ 

(a /111'/1/ 1I'01'l'/orlll shlll!'ill,!!. fh(' cOllductioll cycle 
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(II) ( )/lllmf 11'(/1'C ./"rm SliOll'ilig Ihe condllction 

3,,) FILTERING 

The 'iller j" required to sllloothen the pulsating D.C outpUI or the redifier. Variolls types or fillers 

v 

arc buill lIsing iJ comhination or inductor and capacitor or each single one in combination with 

n:sistnf. 

Ilmvcver a singlc capacitor in parallel with the olltput li'olll rectifier pcrft.lrms the required liilcrint' 

acliull. The cllpaci(or storcs energy durillg the conductioll period and dcli\ers il to the load dl)rinF 

lhr nOll conduct illl!, period, hence time of now throllgh the load is prolol1ged. 

II! tili;; projlTt two capacitors arc IIscd /()I" IIlkring, the lirst {.:apm:itnr i'; uSl~d In filter a po',iiive I:' 

volts whik the second capacitor is uscd til riltn a negative 12 vllth. Thnse t\\(\ cap;\cil()r~; IIlllel 11,..: 

large (;m1ugh to ston: slIrticienl amount of" ellergy to provide a ~;(cady ~;upjlty PI' cllnen1. Ot!ILT\\i';;,\ 

tht' Il\HPlll vnlta~;e will cJl'Op as the load dcmanus Illort' cmn:llt. 

J .- ~

i 

"'i)!, ,\'11(111'.\ 111'0 cII/wci/ors /lsed ill liifn'ill,:: I '_' /' (llId /' 1 

Till,: approximatciy outpul \\ave I<-)[In call be rl'\)r~~scl1lcd hy the figure hd()\\. 

~,----

I 

~ 
Fig SllOlI'ifl,t: tlie 1lI',If"oxill/llfC'(/ (llIfl'"f II'rtV(' limll 

31 



"( V ,)1()O '" "t· Its 11ick 10 !')ick ripple vI)lIagc un 11,: The capacitor used to filter (+ 12v) is ::;) , .~~ . p capal~1 ql. 

calculated by the equation helow" 

VI'''' IT-f' ,rI/('re ('= 2200Jl(. nlll I, IA 

T .c, 1//: wheref IIl1lil/sji"el/llcl/cy 5011:.:: 1/50: 

VPI! (/,1 X 2nY{(/\j/(220().\'f(/'} 

The capacilt)r used 10 lilter (-12v) is \()V. 4 70 ~lf eapocitOl' irs picK to pick ripple vollage is: 

Ypp IT/C \-vhen: (' ., 470 pl'. I I A. 

//50Hz: 

IPI' - (/A X 2IJY/O\W.f70XJ((') 

3.6 HF.GllLATION 

Regulated pllwcr supply can be ohtained hy lIsing a voltase regulator cirCUlI. A rl'\.~\Ilal\)r i-; ;111 

\"k(lrollk control circuit which is capablc or providing ;1 IIcill" COllstanl D.C output vn!ta),!!.: C\I, " it 

thert' arc variatiolls in load or input. 

In this pro.kcl an inlegrated circuit voltage regulator 78' 2 and a fener diode (12v) are provided li'r 

I'cgulal,illg the supplies. 

7812 Voltage Hcguhttor: 

The aim oflhis integrated circuit is to reuuee the variations to It:ro or al least!.o the minil111111l 

possible vallie. 

The minimum input voltage is 14v and the ma:\inllllll input vo\t;Igc i~; 3,)v D.C. til\: output i<: ! I~\ 

I>.C. 

Zcnt'r diotic 12v 

III this construction, Ihe zener diode is used 10 reduce lilt: variation 1.0 lero or the negative 12v. This 

i~; nchic-vetl by shul1ting the diOtk~ bclween 12v supply and Ihl' g\"(mnd ((iND). 

The L.E.n. 

Its aim is to indicate Ihat tht: power supply is Oil. 



Figure ano\,(' sholl's the c;rc/li( oltl1e power slll'IJ~l' indicator /1('(work. 

TIll: vo\tag~ across silicon diodc is 0.7 : The current !lowing in this network i<;: 

(I 'ce .. 0.71: I kQ Ii 2r· () I,· );/O(}(J Q 0.0 { 13,1 

The 12v zener t1iodc has the li)lIowing characlcri~tie: 

V, 12,' P: . 30()1I1II'. To/crance 5% 

The /cncr diode {'lIITcnt 1/ call be deduced 1"1"1)111 the eqllati('n: 

}';:, "le I1r//('/"(' I'; is fire fIOlH'I' mlil/,I!. o/'"c ;;('IIC{, diode 01/(1,.. iI's ,·o{(((.I!.(' rlllin,1:). 

Ihe /encr diodc illternal re<;istancc R/. is: 

.1.7 SUPPLY INDICATOR NETWORK 

This network has two componenls: 

t\ limiting rf.'sistol' 

O'(125A: I: ··25111.'/ 

O.48!2 

II is " color ellllc resislor. hUIIl Ihe L.t'.< i h\luk the ral1gl' or Cllln:111 I()I' the 1 .. 1 .1) til he 

protected is I I) to SOMa. the voltage across the ind icator network is 12 V. There I()IT, 1 h...: 

resistor range for the diode to be protected is I2V/50nd to {2V//OII/A. th;Jl is 240nhms 10 

1200ohms. 

It is a color code rcsislor or I KU. Its usc is to limit the clIITcnllhat has to 110\\, in the 1 .. 1:,1>. 

The brger the value or thl' resistor, Ihe less Ihe bri!,!,hlill'ss or the I .. L.n, Bllt if I hI.: vaillt.: oj 

the resistor is not enough to limit the current the 1 .. r:.D eOllld be destroyed. 



3.8 OVF,n VOLTAGE PROTECTIVE OEVICE 

The h'or~ diagram beltlW i~ lor the over \()llat~C proll-clivl' ticv!!..'\.: wilh Ihe 1()IIuwillgQ;cli\llls. 

_~~7'/~_J 

----_. --- --!" ",()(,'.-(II',' 

~ l __ -=~~ ___ . -l-~-;:;,~:~/:,::-"-l~J 

l
- -- -----.----... 

Indica/or ( I KG 
Resistor arid 

LEO) 
-'~-'--"- -. -.-_ .. _-.------

r
--- -"-'-. -....... '.--. --.-1 

/.II",{ J 
.... -~ __ (h(/l/~n~) .. 

.-----.-...-.---. 

Fig n,c operal IOt/a/alllplifier 11;1 7,", I 

I"his opt:rati()l1al <Implifier has five b<lsic tcnnilwls thal i.<;, (wo inpuls terminals, nne output krmill,d 

alld tWI) pown ""pply tcrmillab. 'I he sigllifiGlIl1 or \llber terminal:.; v;lrics with till' iypc III 

orcruliollal ;\ll1pJi1icr 

The 11/\ 711 lIsed in this project has eight pins 

Pill 2 is the inverting inpul lerminal 

Pill j is the non-inverting input terminal 

3 Pin 4 is Ihe negative power illplillerminal 

4 Pin~ 5 and I arc lIscd for D.C offsd 

Pin 6 is Ihe OlllplIllenninal 

Pin 7 is rhe positive power supply (+12) 

7 Pin X is not connecled. 
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1 Pr'i~ 13. SII"" i"~ "A ;41 i" II '" ~/I"I"W'C/ 
The rckn:l1cc v(lltagc V,<:I cOlIlJ he round b) vo\ta!;c divitkr theorem 

J-'''''i c: (I kn }l (I k!..! + I kU) X !', .• Where ,'",- (cnlleclor I'o/wgc I';)') 

VIo'! -~ I kQ/( 2kQ) X (l2\') 6" 

-_··-_·-·--·a 

The 50kU variahle resistor is sd in stich a way that thc pin 3 orui\ 741 is connccted at the l11iddk' 

nr,hi~, r~~si:·;tor. So Vm (input voltagc til the non invertin!:!. tenllill;ll)ctlll be calculated. 

If V,t'/' ::~ 1/,,/; Ihen, V"c= - (V"l' - 2)' - (/2 . 2) .' -IO\' 

Where Vo is the output. voltage fWIll the (lP amp 

Hut ,vhen the hi.ltlcry is fully charged, V 11l \vill be greater than V,d. 

/'(1 1(1'('(' 2)f (12-2) t 10" 

lilis is achieved hecause of offsct donc by connecting pin I and pin 5 to a IOkU ""rioNe n:<;islllr 

and the IUkU vadahl!: resistor is connected to {he Ill'galive stlpply ~-12v). And abo Ihe hiasillV \\;1'· 

dOlle by C\ll IIICC I in!,. pill 'llol"e posilive supply (112v) ;mtl pill 4to Ihe Ilq~:Jtivt: .<;upply (-L~I. 

The double IN4001 acts as one \vay "value" tn current flow, i.(.~ it allO\\s current to n~"v III 'l!K' 

dircclillll (lilly. So \l,dis constant ~VCIl il'lhc hattery i" ch<ll't',nl. 

2 Fully Cltnrged Indicator Network. 

It lISCS the same components for pow(~r indicator Ilctworh 

When Ihe hallery i~ hIlly charged. (Vi/l > VI/") PI' 1"(1 (01'. there will he VPI\(\gl~ iICIW;<; ll1i" 

11I.:t\\ork and Iht: LL.D will rOllle ON. 
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Fig: "hOl!';I1,!!. the circuit (I/ji,!!,' chal'J.',ec! ;f1(/icalo" 

The Voh:.lge across a silicon di(lc\e is n,7v 

The Cltrlcnlilowing ill this IldWlll"k can he calculated hy: 

I (f (),' .(J, 7) / 1(100 Q .. 0, O()093.-1 .'C 9.3/1/.'1 

P"ofcctivc Switchin~ 

Vcry nlkn. most transistors are lIsed as dectnlllic .<;wilches, With the help or su<:h \\\.iiclll'.'; 

a given load can be lurned On or OIT by u small sigl\al. Thj.'~ cOlltr(llsigllall1light 111,' the 011(: 

appearing al Ihe otllplll. or digital logie or a mieroprocl'ss(lr.1 he pOWe\' level or Ihl' ('01111'1,1 

~;igllal is usually very small. It is incapable of providing enough hase drive to :;wilch ;, 

transistor On or on: hellce the transistor is lI1ade 10 ~;wileh till' load, 

When lIsing ZN2222 as a switch. two levels of control signlll arc employed, \\,itl1 On Icvd, 

the transistor opcrales in the cut-off region (oren) where as with the other leveL it Opclatl", 

ill the saturation regiol1 and ads a~, a short-circuit. 

v 

'---------. -

--f'N'.--
~ It,!,.. 
L----------. 

Fig: SII';tchillg tl'lll1sislor (1l1d He/ar 1I.\'(!d ;/1 the circllil 

I'rom LO, hook, /i'om lhe ~ircuil, U'I 33(}Q: I'I! . I:"" (()" aliI/I.)' lOp 



The base cmrcnl In can he fOllnll li'om the equal iun 

"/J - 1//1/: 1/11</1; I" ("w' 1'/1/)/ U/J 

h1 . (/ Ov- 0,71') /J30{J; c., 28",/1 

Thl~ colkclor clIrrcnl1c can be obtained (From IX,(J Iwok f\ ", le/ '/1 .where r i:-: d.c current gain 

and is eqllal \0 2(0) 

~n, fc 111/1: Ie ',' 200 x 28111/1 56001llA: I,' 5.6;\ 

Ihe rday coil resistance is He which can he calCldated Ihml ''',' I, He 

RI' , .. 12\'/ 5,6A . 2./.J3U 

The diode IN4001 is a Irec wheeling diolk liSCO as a prolcctiw device. 

\Vlwil Ihe haltery is charged. currenl will now Ilmill),'-'1 Ihe iIld,".'lor or till' rcby',IIlI'II1J' '·IWII'I. 

in it. Wht.:ll ihis hattery is oiscollncetco alld uncharged. the current ill the il1duclor Illllst drop 

rapidly to /,Cl'tl producing a strongly negative voltage transicnt inlhc indllctor o!'IIlI.' rcl~ly, I he 

l'IICI~,\ ill the inductor is thus dissipated in the diode. 

3.9 TilE HELAY 

Hday<; arc electrically controllcd s\Vitches. 111 the llsllal type, a coil pulls in an armalurc whcll 

SII1'1 icicl1t coil lIows. Becallst it is important hI kcq) the hath.'ry isolakd ti'cJnl the circuit, rdays <lit 

uscti,tI It) switrh the ch':lIit \vhilc kceping the contr(ll signal electrically i:.;olaluL 

.. Page Break 
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CIIAPTER FOliR 

PIUNCII'LE OF OPERATION OF TIII~ CIIAH.GEH. 

.. U PH.INCII'LF. OF OI'EH.:\TION OF TilE I'OWER SlIP!'LY 

''y----------------- r\7i-iil------------- ---
gu\l \ L \ ' 

l~~ 
1 Ii 

\ '1-- ...... 

, 
--IJ---·---- .-.-*" 

J 

rhis i:- the n:a'-;O\1 why a center lapped tr"n~-;kwmer is used_ 

rhis traI1SIi: 1IlllCL. attl:r tapping <-!lm·n Ihe irll:ollling vII(lugc (240V from NLP/\). provide'; ilt ih 

(IUlpnt positive 12V ilnd nq!,ative 12V alternating voltage. Both positive and nq~alivc v()ll;W~'" ,\,( . 

has tn pass through an electronic device circuit which i~; cOIHposed of 1()ur (4) lk;crdc diodc:; 

arranged ill a hridge limn as shown in fig.ure ahove. 

Whcll point X is positive wilh resped 10 point Y (positivI.: Iwll- t)ck. nJl'lcnl !low,; till11ul'h <li. ".k 

\\hCll Y is positivc with respcct t(l :\ current 110w<; by way or D\ positive 12v win:. IIcg:ll1vC I.'" 

\\ile ;md D'I to point X. This is termed .. ,-; hridge rcctilicatioll. 

Npw Ill\' uutput voltages arc 11(lt A.C .. but pubating D.C which needs Itl be snloothened. III \l\'(ICI 

tn do su, two capacitors are placed in paralkl with the output ol'thc rectifier. The 50\" 220l'i 

capacitr,)r is lIsed to filter the positive voltage and the 16v, ,HOp F is lIsed to II Iter the negal ivc 

The reqllired lihcring action is pcr1i.l1'Illcd when the capal'itors store cmTgy during thl' condlJt:lilll1 

period lind deliver it to the eircllit Jurillg the nOll-conducting period. 



; 
1 

. t' To n:dlll:1: 11)C';l' vmiatioll'> \(' /!_'\'\l UI' 
lh: two output voltages ii'o\ll the (illers ha\l~ ~()Illl: vana loll,). 

t k;p;\ \0 iI mininllllll value,lIll' \wo (ll1lpl1\ v(,Itages haVl' to pas'; throllgh a rcglllallll. 'I he ptlsitiw 

~ 
tolla~t: is regulated by the I.e. 78 I 2 ,,'hile thl: negative voltage is stahili71:d hy a 12V zener diu(ic, 

~ow h(lth negative and positive regulated voltages a\'\.: ohtainnl. 
'~ 

P"indp1c of operation 01' the \lrotcdiH~ dcvk,~ 
____ ._-A • __ _ .. L 

1 .--~ .. 

i 
r-- i 

~ ... 

;e:----- ... -
I$---~--

i 
.. ~ 
, 

L 

As shnwn in the ligUle above. the regulated positive voltage (Vn " 12V) is estahlished '-lCIW;:, !l1l' 

two rr.:"istors pf IHl That is. thl' hall' or "" (VrC'r .-:: Vr cl2) is cstahli<.;jwd al the invcrtillt~ inpll\ (pin 

2) ol'lhc amplilicr. 

I'he V", also sllpplies voltage to Ihe opcraliOlwl amplifier at pill 1. II I',,"')es Ihn'II[~h the died,', 1'1'; \') 

the coil of the rday and ends al the lirst contact or the rclay', The pole or the n:l<l.' i') cnnneclcr.! In 

the pnsilivc plate orlhc baUery. Ihe sl'l'Il1ld cOlltad uflhe rday is the )OU~ variahle rc~,i~,h\r. Illi~; 

rt",isl\)\' is set in sll~:h away thilt the hall' or l'stahlislwd voltage ;1(1'0<;<'; it will he eSI:liltishnl a~lw;'; 

the lion inverling input of lhe alllplilil:r. Ihe olher pin of 50kU variable rc~,islor, liw I\\P rc,i:.;lllr:: 

(IKn) network. the indicator network. and emitter of the transistor (/'N2222) are groumkd, 

Ihe same ground is connected to the ncgatiw or the halleJ'~'. The hia')ing and Ihe orr':r.1 01 (he 

amplifier arc done hy supplying negative voltage (-12) to pin ~l and Ihl' "<triable 1I.~"islnr (IOLOI 

which b conncded to pin I and pin 5. 
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lYhen di.<;chargcd baUery is connected al the terminal or the eh,Hl!er, currenl IlP\V rnHn Ih~' n I}, 

Ie, passc~.; through lhc diode 1)5 and reaches the lirsl contador whic.h is cllnneclcu to the Il\llc (,I' 
f . tc n:I(1)" This Ptl\c i<; connected to the positive plate or the battery. The chargin/! \,(llt(l!'~' is 

t~stabli~hCcJ across the batlery while chargin t.!· 

lhel1 the baltery is fully charged (12V), the diode D5 blocks the current flow to feed back the tV"l 

'csislnr (I kn each) I1ct\vork SUbsequently, cllrrent 110ws through lht: wire, and established voltage 

gn:akr than V l( across the 50kn variahle resistor nclw(lrk. Th"1 i:, a volta!:"e f.!rcatcr than V"C i:, 

al pill ~,( nOli-invert ing inpllt) 

Sincc the UOII illverting voltage is greater than the invlTtillg input vultage, the amplifier t'pcr<lic. 

and gives an output voltage, V"". 

V"lIt :=. Vcr - 2 '"" I 0 V 

The LI:.I> will come ON and the lOy across the IkU resistor to satura!i(l11 :1Ilt! ;\cl'; ,t;;t c\t'';l'(i 

swikh. rhi~ makes current to (low in the coil of 1he relay. The !low or (mrenl will pnld'.!\:c ;} 

magnelic dlcct which disconnects the pole \i'om the iiI'S! c(lntact of lhe rday thereby disconlll:clill):~ 

the hnltcry from flllther charging. 



f 
J 

CHA""rEI~ FIVE 

r I CONSTRllCnON ANI) TESTING 

(he construction started lirst by designing Ihe cOlllpPllcnl layout till' the chaqlcr and the cin'l1it \\;1'; 

¥ 

tlraWII on a papcL Aller all the COI11POIlCllh \\cre assl..~l1lblcd. lh<.: circuit was built on a ,>;ingk hn'ad 

1
')(1;1n1 Alkr (~l1llinlling that the cin:lIil \\as limclional. lhl' circuit was Lran,,!crred (Ill \(\ <I \'l'ro 

)()'lnl. 

t\ 14 pin dual-in line socket was used to plug the operatioll<ll al1lplifkr into the ~:ircllit. I he u",: pi 

1 the 1(' sl)ckcl Ii1cilil;ltcs the lroublcsho()lillV o\"lhc 1'(' :1~; il call he rel\loved lill' chcckill!'" 
I ' 
I 

t The I.e socket wa" lirst soloere(\ on thc hoard and then lIsine. the 1.(' Ilins 110:,itjon as a t_'\1ltk. thl' 
j , 

1 "1.',0.; ( i;,Y\IUI wa'; ddcflnillcIL The othn ~'()l\lp()llcl1h \\'CIC li~cd I'll Ihe hn;\ld II! ("t·il \<In'lI''; 

.1 pusitiolls. Ikli.lre soldering. proper checK illg or component c()l1fwclions was dOlle. The Glp"': it,l!"', 

1
-' were checked 'n he slIre 'ha. they liite,"d properly. 

,The re!:J) \1; a~ mOllnted at the cnd or the Vern-hoard since it was the \ast compollent hcf<'lc the 

I p(l:;iliH~ ICrilIin;d which shollid he (onneclL:d to the hallcry 1\)1' chal'gill);. The win: Ihill ~,h(\nld h,' 

I I l,'Olll1cctcd til the negative It:rlllinal or the hattery j-; fixed Ull \hL~ ground cOllllec1 i011- 11m:,.: \\ 11';,", 

j that ~;hnuld 1')(: c()nnectco hI the output of the transhmncr were Ii xed at their varipus po·,jliCln:;, 

During thl.: lirst lest the circuit did not operate corredly, ;\ Iter t roubk-;h(lo\ illg. I he ! \\(l vari,tI';L. 

I'l.:sistor (SOH! and 1 Ok 5.2). the lcncr diode and the amplitier WlTC discovered In tw (klcdivl." I hL'.~ 

were n:placeJ with nOli <klCdivc oncs. Ikti\l'c tcstill!! li)(' the second time. all cOlllj)()l\cn\; <llld 

wires were chl.:ckcd carefully again. Thc powcr supply to Ihe \\irc:-; wa:-; ,l\sO dlCCkcd til I\l~ ',lilt' 

t hal 11K 1iCClkd vnllagcs were suppl ied. 

Whl.:ll everything was sure to he inlaet. Ihe circuil was energized. The two LL.Ds G:lIIlC ON ano 

the rclay made <I click to indicate the disconnection orthc wire lhal should have been C(ll\l!cckcl Ip 

Ihe pll-.;itivc lerminal ol'thc hallcry. 

4-1 



· :.(' rday "',llk a click to indicall: ihc C(lIlIlL'Cli~lil Ill' pn',iti\'C lenni!'a!. !he rel:.l:, made ;\ (ii"k jl! 

1 

J , 

t"e ON. The vol I age aeross the halle ry was I 2 v. Since Ihe e i rell il was opcra I cd a ppmpri a I d)' 

.1 

t 
\.2 CONSTRlJCTION: 

womkn caSl' or 2(km x 15cm x IOem \'as clJn:'lrm:tl~d. '1'\\0 whnks were made fpr \ hL t \\'(\ 

nly l)(CC:-;S to t\K~ inside ofthl' case is the top lid that wa:.; scclll'cd hy two slllall ',~"l·\\';. 

kJ 
I 

HESULTS 

(lilt: re(;ulb 01 ksts concluded on the charger have been IlK~llti\)IH:d already in the c()n~lnll.li,.l!l ;md 
j 

fk';tillg unit hll' for purpose nfaddillg 1110n.'. sCl~()lld tinll' Illentillil or il will be well 

I 
/When t;vcrything was ready. the cin:uit was p(,\·.en:d. the two indicator.; (·aml.' (}N. /\ Chill ,',(,(i 

ibutlt:ry ,,,,as connected to the output terminal or the charger. the two indicators came or\! 1'.01 Illc 

llda) made a dick to disconnect the halter; Ih'll1 the <l130·£C'. 

I Wh'.'1l " di" h,nge h3l1el) (il ,,,llage . L~v i, COllllceicoL liI<' gown 1 . .1'.1) Foes 01·1· ,,,,,I ",Ia) ""'k,', 

1 " clICk 10 connect it ancr t",,{.) hours, the [-!re~'11 illdiC'llor C\)I1I\::, ()N :lIld IIle n'LI\ 11I.'!--l·" :, '. ii, i· !" 

di<.;col1l1\'c(:1 it. rhe batlel,)' voltage was increased up to I :~v. Now. wh(.'l1 (l discmkd baH,·r.\ \\;,:; 

SA CONCLlISION ANI) HI<:COMMENUATION 

Ilavilll:! [('stul all the stages. it can be secn that the baHery charger and the pl.mer supply C.!II hf.' 

,Khk"cd Ih'm basic ckctwnic principle tl<;int; JUL. SCHs, van(lhk n:sislors. Inlt.:gr<1h·t.! CirclIii 

e.l.e 

The ob,iecthc ol'the project is thllS. achieved. It is h·sh.'d Hl1d hltlcli()Jlcd very <.,,,1islildnrily. 



iTherc is no kar or overcharging PI' undercharging since there is an L.E.n visual indic<ltor alld \ile 
i 

Iltage kwl (Pllld he pre-')dected. 

f' can 'h", he rec,,,"mcnded 'ha': ,i,.. 'urlher pn,jccl work. nlher Illeans of ",oni'nring Ihe v"'la~e "I 

! Ihl.' baUery can he IIsed. 

project cOldd be modified and llsed to charge different types orhalterics including car h<ltkri('~;, 

('lllllpany, New York. PPIO-I..f, 1()Xl. 

.. , 
(iilhert. WY "'I.incar Intcgr;lIcd circuit<;. Pi(mall 1'lIhbhill~~ I,(d .. 1:ll1dlllL W.(' :~i ,\N 

(ianie L.N and Micks I.(i" "The Me (lraw Ilill Iwnd hook of csscnti.tI l'ngll1(·nltl~.' 

Inli)\'IIwl.ioll and data". Me Craw-Ilill inc. Phillipil1cs pp2· I·l\). 1991, 

4. Stllltman, '\'1.S. -'The new illustrated sciclICI: ami imo.:l1lion cllcyclopcdi;1 V r ilk \\~, '.1 i';'!( 

Conllect nIt Marshall Cavendish I ,Id" I1P2.\ 7. I <JW1. 
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