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ABSTRACT 

This particular project describes the design, construction and testing of a "12V & 

24V battery charging device" A particular reference is made to lead acid battery used 

by car owners. 

The accomplishing factor of this project are the abilities exhibited at full charge 

which includes switching ofT the supply to the battery on charge, and giving visUAl 

indications. 

the theory, CIIcwt desIgn, analYSIS, block dIagram and CIIcwt dIagram with values 

are provided to give adequate and precise mformatlOn about the design. The ClfCUlt 

was assembled, tested and contirmed workmg satisfactorily. 
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CHAPTER ONE 

lNTKUJJUCnUN 

A devIce that stores chcrmcal energy (not electnClty ) and bnng about a 

reactIOn between tl1ese chenucals In a say to cause electrons to tlow 

through an external CIrCUIt IS known as a battery. There are two types ot 

battenes, the pnmary and secondary battery. 

The pnmary IS the one that IS not capable or YieldIng any more electnc 

current when the actIve matenals has been used up that IS It can no! be 

charged wlule the secondary battery can be restored to their ongmal 

chemIcal state when the battery has been used. Ihere are dltterent types 

of secondary battenes. These are lead aCid, Nlkel-cadnuum and silver 

zinc. 

The mamtenance .ot secondary battenes IS ot Importance particularly 

where mIrumum pertormance and lile are to be obtamed. 

Smce we know that after usmg a secondary battery tor many hours. It 

WIll become weak, because ot thiS, so a battery chargmg deVice which IS 

low cost, highly eHiclent and cheap to mamtam IS needed to restore the 

energy that has been used back, so that the battery WIll be ready tor use 

anytime It IS needed .. 

Chargmg has a protound etiect In this regard and several good method 

have been developed. 



The constant current method simply returns the energy that has been 

discharged when in use at a fixed current for a fixed period of time, but it 

has the disadvantage that it is too slow at the beginning of the recharge 

(when the battery can accept charge sufficiently) and fast towards the end 

of recharge (when the battery can accept charge only slowly) which leads 

to a wasteful recharge that can damage the battery. 

The regulated constant potential procedure is used in this project work in 

which the alternating voltage from the mains is converted to direct voltage 

with filtering capacitor to remove the ripple voltage and the voltage 

regulator is connected to supply constant voltage of 14.4 and 28 V. This 

method not only turns out to be efficient in terms of time and cost but also 

in the avoidance of over voltage supply which can damage the battery. 

1.1 AIMS AND OBJECTIVES 

I. The aim of this project is to design and construct a low cost battery 

charging device. 

2. To charge a 12V and 24V battery with particular reference to lead­

acid battery due to its availabilities. 

3. To avoid over charging which can destroy the cells operating 

below capacity of the battery. 

4. To provide visual indication of dull charge (GREEN LED) and 

while charging (RED LED). 
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1.2 LITERA TURE REVIEW 

It took approximately 50 years from the time of volta's invention of the 

galvanic cell principle in 1800 for its application to the land/sculpture 

aicdllead dioxide system by siemens and sinstedem. Barely 10 years later, 

this was followed by Planke's invention introducing the lead acid battery 

as an electrochemical storage device. 

For his contribution, Planke's name was incorporated in to the penn anent 

lead acid battery tenninology with reference to the so called plank's plate. 

These plates have their active materials layer or surface fonnal 

electronically from the lead substrate rather than applied to the substrate in 

a separate operation. 

Planke's cell consisted of leads sheet wound spirally in a cylindrical 

configuration and separated by rubber strips, heavy liner or felt Pb1P02. 

This development progressed systematically till the present day. A 

significant development was achieved towards the end of the nineteenth 

century by Faure. He utilized pasted plate structure consisting of active 

materials mixed, applied to a variety of lead current collector 

configurations. Increasing usage were found among the various types of 

separators starting with such "exotic" materials as 'flannel. 

In the advert of a more technological era, with dynamics available for 

battery charging and electric motor for the utilization of discharged 

energy, marked a gradual acceptance of the advantages of re­

chargeablillity in general and of the lead acid battery in particular. 
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By the year llJUU suttlclent types ot lead aCId battenes have been 

developed. I he world war II brought about new development and 

unprovements In the held, mcludmg new raw matenals tor the 

constructIon ot separators and battery case as well as the new methods ot 

manutactunng of all mternal components of the battery. Also additional 

types ot gnd alloys tor vanous applicatIons, Improved actIve malenals, 

compositIOn, tormulatlons and processmg techruques etc. Progress had 

been made lately In all these areas thereby resultmg In product being 

lighter m weight and more reliable. 

I.J "KU.Jl'.CI UlJILINI!.; 

Chapter one gIves us an mSlght mto what a battery IS like 

Chapter two talKS about the system deSIgn analYSIS, the components used. 

it also tells us or gives an insight mto the operation of the charger, the 

CirCUit parameters are obtained uSing calculatIOns and the hCU Uata book. 

Chapter three tells us more about the actual constructIOn, testmg and 

results obtamed. 

Chapter tour talks about diSCUSSIon of results, conclUSIOn and 

recommendatIon including reterences. 



CHAPTERlWO 

SYSTEM DESIGN 

2.B POWER SUPLY UNIT 

The automatic battery charging device requires a supply of d.c voltage to 

effect operation. Since 50HZ 240V a.c. supply is readily available in 

most homes, offices and workshops, it forms part of our power supply 

unit. In the field of electrical Engineering, It is called the mains supply. 

The power supply unit consist of a step down transformer, a rectifying 

circuit, filtering capacitor and voltage regulators 7805, LM 317T(2) 

~-otS\l 

Fig 1 Power supply unit. 

2.12. TRANSFORMER 

A transformer is a static electrical machine made up of magnetic core and 

several copper windings. The windings are divided into primary and 

secondary windings of the transformer. The transformer is a device used to 
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transter energy trom one circuit to another by electromagnetic mduCtiOn. 

A transfornler consist of two or more coils of wire wound around a 

common lanunated Iron core, The couplmg between the coils approaches 

umty The ability to receive power at one voltage or current level and 

deliver It at some other voltage or current level IS the most uruque teature 

ot a transtonner I.e transtonners can be used to eIther step up or step down 

voltages and they can also be used to power the ClfCUlt that are Isolated 

trom the mam power supply, and they are used In hlectncal englneenng 

tor unpeClance matclung. 

I he essentIal parts ot a transtonner are pnmary wlndmgs whIch energtzes 

the coil trom an external voltage wlule secondary wmdmg IS used to 

deliver power to an external load. I he magnetIc core IS made up ot 

Ianunated metal sheets stamps together to proVide a hIgh pertormance 

.----_,~ 

CoRE 
Fig 2(a) SchematiC symbol ot a transtonner 

-D- -
III 

P -- - - - - - - - - - - I" 
I 

I • 
~ 

I , 
I ~ · jl--a"l) 

I 

I --' c 
Np Ns c 

I It • , It 
I 

• ~ • . 
• ~ ~ 

r-2- ~> 
I ~ . ......--:-
I , 
I. __ ------- , --- - -'-, 

Hg 2 (b) The translormer 

6 

5 

" 

".( -

Vs 

"" .", 

p - PYt"'~jW'I\JlnaJ 
s - ~(on~ W"J'!1 



mathematically, 

v s = secondary voltage 

v p = primary voltage 

Ns = Number of turns of secondary windings 

Np = Number of turns of primary winding 

The ratio between the number of turns in the primary and secondary in 

called the TURNS RATIO 

;-­
fiOj ;tW) stt.p·lAr TrCWJ fu.r~~y 

2.13 WORKING PRINCIPLE 

When a 240V, 50HZ alternating voltage is supplied to the primary circuit, 

it circulates an alternating current through P and this current produces an 

alternating flux in the steel core. The mean path of this flux is represented 

by the dotted lines D in fig 2b. If the whole of the flux 
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produced by P pass through S, the e.m.f induced in each tum in the same 

for P and S. Hence tw and NS be the number of turns in P and S 

respectively: 

Total e.m.f. induced in S/total e,m,finduced in P = 

Ns x e.m.f. per turn! Np x e.m.f. per tum = 

Ng/Np 

When the secondary in an open circuit, it terminal voltage is the same as 

the induced e.m.f. The primary current is then very small negligible, so 

that the applied voltage VP in partially equal and opposite to the e.m.f, 

induced in P. 

v 

Fig leo Wave form ofvohage variation 

V.r.m.s = Vmax I 2 = Vmax }1.414 

Maximum voltage to primary winding 

Vmax = 240 x 1.414 = 339.3600 

Maximum voltage to secondary winding 

V max = 28 x 1.414 = 39.S979V 
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2.14. TRANS.·URMER LUSSES 

Three types of losses loss along wIth transformer constructIOn All loses 

result 10 heat 

1 COPPER LOSSES 

Are the results of resistance of wire used in the transformer 

wmdmgs. I hese are also called I~ losses. '1 hey vary as the square ot 

current according to ohnrs law and the power law 

Ii EDDY CURRENT LOSSES 

ThlS IS as a result of small wlurlpools of current Induced In the core 

matenals. These losses are reduced by usmg lam mated core constructIon. 

Each lanunatlon IS Insulated to It bordenng layers by varrush. Ilus cuts' 

the number of Path on which currentpow.s 

. 
iii. HYST.EJlliSlS LUSSES, 

.For molecular thctlon . are the results of magnetIc partIcle 

changmg polanty IJ1 step wIth mduce voltage, alloys and heat treatmg 

processes are used to make core matenals whIch reduces hystersls loss 

The transtormer used 10 thIS deSIgn IS :l~v 

RECTIFIER 

2.15.1 UIUU~ A~ A HAL,., - WAV~ K~CTWI~K 
N~Fo~ 

B-----tl/1 .() -h.9 3~) 
(evun . .--

Wlulst alternatmg cummts and voltages play the leadmg role m most 

electncal an electrontc equIpment, nevertheless many deVIces can eIther 

eIther operate on urudlrectlonal current of at least they deVIce that makes 

\ 



When the applied voltage acts in the forward direction there is no voltage 

drop across the diode and current flows unimpeded. However, when the 

applied voltage acts in the reverse no current flows. 

Fig 3(b) Rectification using a single diode. 

It is possible to obtain rectification by means of a single diode but the 

current can only flow through the diode in one direction and thus the load 

current can flow during alternate half cycles Thus an undesirable 

interruption continuous current is unstable because of its high ripple factor 

less that SOOIo 

Fig 30 Half - wave rectifier circuit Fig J(d) Output Wave-form 
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2.16 .FULL-WAVE REcn ... JER USJNG A HREJDGE REcrU'IER 

l'ull rectlticatlon can be done usmg a greater bndge rectifier wluch 
, 

conSists of+ dOldes. It proVIdes a greater d.c value from the same 

transformer. 

When pomt A ot the transtonner secondary IS posItive with the respect to 

po lOt H current Hows through diodes U2 and U4 whtle Uland UJ are 

reverse bias and a halt-sme wave results when pomt lj ot the transtonner 

secondary IS pOSitive With respect to pomt A current tlow through diodes 

D 1 and DJ while D2 and D4 are reveres bias and a half - sine wave 

results. Current through R IS always 10 one duectlon 

ft j L¥h) A I \ po sctw<- w~ y~ S'~c1- ,h g 
II 



,I 

; 

A 

~ 

fj.9 LKc) B ;1 posdw <- w~k "'re JP~ f.o A 

VptAK - - - -- - -

o 
t 

t 

Outpu;! WaN~f~M -&~ ~ br.J~~ ~~ty 

2.17 SMOOTHING CIRCUIT 

Ihe output ot either halt-wave or tull wave reclther IS a pulsatmg voltage. 

lletore It can be apphed to the other CirCUIts, the pulsation must be 

reduced. A capacitor connected m parallel IS connected across the rectlher 

output provides some hltenng actlon.l he capacitor IS able to store 
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electrons. W hen the diode or recliner IS conductmg the capacitor charges 

rapIdly to about the peak voltage ot the wave. It IS limIted only by the 

resistance 01 the reCliner and the reactance of the transtormer wmdmgs. 

tletween the pulsations In the wave. voltage trom the recllher drops. the 

capacitor then discharges through the resistance or the load m ettect the 

capacitor IS a storage chamber or electrons. It stores electrons at peak 

voltage. It supphes electrons to the load when rectltier output IS tow. The 

capacitor used \tl thiS design work IS 21UUUti and the voltage IS J:>v. 

f4'ig (Sa) hltenng Circuit 

I 

, 
I 

I 

, 
I 

J4'ig (5b) 

... 
\ 
\ 

\ 
\ 
\ 

REGULATION 

I 
I 

I 

, 
I 

I 

\ , 
\ 

c. 

\ , 

The secondary/pnmary voltage ratio IS not sustamed as current drawn by a 

load across the secondary IS mcreased. ThiS IS due to loss of magnetIc (or 

ICon losses ansmg trom eddy currents m the core. Current and resistive 

(or copper) losses caused by the resistance ot the wIre used In the COIls. 
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The fall in voltage due to losses is called regulation and is commonly 

defined as 

Regulation = V dc max - V dc minIV dc max x 100% 

Where Vdc max.= No load secondary voltage 
• 

Vdc min = Voltage under full load current 

~) I~J 
Fig 6 

2.18 VOLTAGE REGULATOR 

An unregulated d. c power supply may be adequate for some applications 

but there is usually a need for the supply voltage to be kept constant 

(good regulation) as well as having a low amplitude. A circuit which is 

called a voltage regulator connected between the unregulated supply and 

the load performs this functions. Stability factor(s) 'for a voltage regulator 

is a measure of the effectiveness of the regulation. The stability factor is 

given as 

S = VoutlVin 

For a constant output Current Ii, for good regulators, S should be 0.005 -

0.002 

14 
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The output resistance ot a regulator should be zero ohmS, 

Typically Ko = VouUVm tor constant mput voltage 

1 ne voltage regulators used are I~U) and (LMJ 1 n )2, The '/~U' regulator 

proVide T)V to Ie's which are comparator LMJ II, »)) Timer and U i'hp 

HOp 74LSl4 

2.2 CHARGING CIRCUIT DESIGN 

Hus consist 01 two voltage regulators LM j 111, translstor, reslstors and a 

diode DXRP 608. 

--
t--r-----o \l \j 

~~,,~ 

--

li'ig ~ Charglllg Circuit 
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1..1.1 VUL I Ali~ Kt.liU LA I UK 

LM ] 171' are adjustable 3 - termmal posltlve voltage regulators capable ot" 

supplYing In excess ot JA over a l.'2v to J'N. Unly'2 external resistor 

are necessary to set the output voltage m settmg the voltage. 

Calculation IS Involved 

The LMJ 17"1" IS made ot" an external reference voltage Vrer for wluch a 

typical value 

Vre = 1.2v, Thts voltage appears across Kl 

'1 heretore 

Current 11 through K I 

I = Vret/K I .................... (1) 

Thts current al60 tlows through K2 

AdditIOnal small current ladJ tlows out ot the adjustment terrmnal, the net 

current 12 through K2 IS thus 

12 = II + ladJ ................. (\1) 

Voltage V2 across K2 IS 

V2 = K2 x 12 = K2 (II + ladJ) ................ (1\1) 

Net output voltageVout IS 

Vout = Vret + V2 .............................. (IV) 

Substttutmg EquatIon (I) and (IV) we have 

Vout -"' Vret (II K2/K I) i ladJ x K2 tor LMJ I II 

For thiS design both K I and K3 have been made both 2200hms and R2, K4 

made a variable resistor of 4.7 K 

Assunung an output voltage ot" 14.4v 

14.4 = 1.2~( I -t K4/22U) 

14.4 = 1.25 (220 + K4)/220 

16 
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316~ = 1.25(220 + K4) 

JloH=l.l':> + 1.1.)K4 

2893 = 1.25R4 

R4 = 2~9311.25 

23144 = 2.3144K = R4 

assummg output voltage ot 2~v 

2K = 1.25 (1 + R2/220) 

2~ = 1.1':> (11U + K1)/11U 

6160 = 1.25(220+R2) 

OlbU=l.l)+ I.L)KL 

5885 = 1.25R2 

R2 = 5~K5/1.2 

= 4708 = 4.71< 

I lJo---...,. __ ~VU'1 

c 
3 

&P--~----------------------__ 
."ig 'J shows connectIOns diagram ot a voltage regulator. 

2.22 POWER TRANSISTOR 

A tranSistor IS an active device capable ot amplltymg signals producmg an 

output Signal with more power m It than the mput Signal. The Uruque 

property ot a transistor when compared to other deVlces IS Its ability to 

provide a power gam. rhus makmg It possible to power tor e,g a loud 

17 



speaker torm a tranSistor, observmg that the output signal sounded louder 

than the IOpUt signal 

I he tranSistor IS basically a J tennmal device I.e collector, ElmUer and 

Hase terrrunals. The hgure below shows the symbol tor a transistor. 

COL. L..fo C.TO~( c,) 

EM(TT~CE) 
bg lOa symbol ot an NPN transistor 

1 he transistor can be connected mto j dltterent modes ~I) common errutter 

(1) common collector ~ emitter tollower ) {J) Common tlase. Each ot 

these mode possessmg dltterent charactenstlcs. The common collector , 

mode tor example (I) also called the emitter tollower because Its output 

terrrunaiis the errutter wruch tollows the mput (back.) less one dIOde drop. 

I.e VE ~ VB - 0.6 volts 

I hus the output IS a replica ot the mput but U.l> to U."/V less positive or thiS 

Circuit, Vm must be greater than or equal to U.l>V or else the output Will Sit 

at ground. I'lgure I U b below shows an emitter tollows CirCUIt. 

li'ig lU b Errutter tollower Circuit 

18 
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tor an eoulter tollower, the mput Impedence IS much larger that the output 

Impedance. I his Implies that the circUit reqUires less power trom the 

Signal source to dnve a given load than much would be the case If the 

Signal source were to dnve the load directly. 

I he enutter tollower theretore has a current gain but doesn't have a 

VOltage gam. 

For the purpose of thls project, an eoulter tollower transistor 2NJ772 was 

used to Increase the charging current to the battery. The 'l.NJII'l. 

transistor was mounted on a heat smk to allow diSSipation of heat. 

l.oS LUNl KUL ANU SWll LtliNli LlKLlJll U~SlliN 

The control and sWltchlng CirCUit IS deSigned to pertorm the shuttmg otf 

tunctlOn. The CirCUit conSist ot a voltage comparator, ~~~ timer, U-

tlIp tlop, transistor (TRZ), ReSistors. Capacltor.)relay and LtV. 

~~--------------------~-----------l~ 
_~r::::: .. ::s--o~ i t\. i Rt. I K t5\' ~ ~ 

"·Ut 
~ .. 

~\I 
IO#<. '7 

~ 
5SG It,,· S 

rj.!.r.. 

A, ... 
:l.1.fc.. 

... g 11 Control and sWltCtung ClfCUlt 
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2.31 CUMPARATUR 

A comparator IS an Integrated CIrcUIt. It IS a voltage comparator. 

tlaslcally correspondmg to mput condItIOns that are below or above 

certam voltage Inmts. I he use ot a comparator IS as a level detector that 

provide a change m the output voltage when the mput has exceed or lallen 

below a certam level present by the reterence voltage. Here the reterence 

voltage lOr tlUs deSign IS 1."2 V through the use ot 2 diodes lN4142S whlch 

IS equal to V I . I he voltage to be compared With the reterence voltage IS 

applied at the mvertmg mput as mdlcated below. 

V~ 

y, 
l'ig 12 a A comparator 1e 

And tile voltage at operation IS such that when 

VI > V2 = 1 

And 

V I < V2 = U (reset) 

I he comparator cIrcuit compares the situatIOn at the damper output With 

the Vret at 1.2V to obtam a value 1 or U signal whlch tnggers the U - IIp 

tlop. I he comparator used III this deSign IS LM J I I. 

~, ) 
--t-------ii----- + v. ... (Vall:( 

-I' 

l'ig Ub Level detector tran~ter Charactenstlcs 

LV 
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2.32 THE 555 TIMER 

the 55) TUller IS a highly stable mtegrated circuit (IC) or generatmg 

accurate time delay or UsclllatlOn, I he ~~~ timer can be used Wlth supply 

voltage m the rang ot +)v to 1 ~v and can dnve load up to :.WlJrnA. tor the 

») luner to operated or be tnggered, I/J Vcc has to be applied at the 

tngger mput. The 

») luner used In this design operated In the monstable mode. 

~~ Va.. 

TY~jjt...Y 
[;Sf) 

D(sGho.~ L-

TIM r;zR. 
o-tp~ TktiCvs{a 

ks~ 5 ~tnQ V o.UG.~ e. 

VCL .fig 1J (8) ~~~ Ilmer showmg Pm diagram 

- -. - -.----.-- -------- ~ 

I 
r-------------------$~~ 

r-------t-----------uJ, Tr:88~'( 

L ____ ~--_ 

7 bi~('{...~~ , 

_____ -___ L 

Fig 13 (b) CircUit descnptlon ot the ~~~ Ilmer 
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2.33 THE 555 TIMER AS A MONOSTABLE MULTIVIBRATOR 

The basis of the circuit is a flip flop with set and reset inputs controlled by 

comparators. The quiescent condition in with the flip flop output high so 

that the timing capacitor Ct is shouted by the transistor T, the output than 

goes low because of the inversion in the output stage. 

The trigger is nonnally held high by the internal circuit , and operates on a 

falling input edge: When the trigger input fall to Vcc/3, comparator 1 

changes state and sets the flip - flip. The output goes low, sending the 

output tenninal high and also turning of T, thus allowing timing capacitor 

C7 to begin charging through resistor Rt. Charging continues until the 

potentials difference across Ct rises to 2Vccl3 when comparator 2 resets 

the flip - flop T is then turned back on, discharging Ct and awaiting the 

next trigger pulse. If however, the trigger input is still held below Vccl3 at 

the end of the timing cycle the flip - flip will not reset and the output will 

remain high until the trigger is released. Pin 4 is an overriding reset 

which can be momentarily earthed to reset the device at any point in a 

timing cycle. The timed period can be calculated from the usual charging 

equation or an RC time constant 

v = Vo {I - exp (-tlCR)} 

Where Vo = Vcc and we require the value oft which gives 

v = 2/3 Vcc 

2/3 - 1 - exp (-tlCtRt) 
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exp (-Ucm.t) 1/3 

takmg III 01 both sIdes and slmphlymg YIelds 

t = U Kt In J or t = 1. 1 UKt 

Hence the tImed penod ot the ~~~ IS 10% greater than the Ktct time 

constant. l"he maximum value ot Kt IS 2um4 Imuted by leakage current. 

WhIlst there m no theorettcal I 1011 t to ct, the tIme constant ot large 

electrolytic capacitors IS Hnule<] anyway Oy '"ternal leakage, so mat 

maxImum relJaOle delay obtamable IS about one hour, gIven by Ct = 

IOOOUF and 

Rt = 3.3 M 

5 

Vu.. 

565 
TIMER 

-. 

7 

, 

(t'ig 14 a y)~ rImer connected m the monostable mode 

1= .. HU 

'i(~~~~ r I I I ~ I I r 1_ 

l<'ig 14b output and capacitor voltage wavetorms ot"the 555 Timer 10 the 

monostable mode. 

23 



l.J4 7474 UlJAL U - I y~~ tLI~ - tLU~ 

The ".,4" IS a dual posltlve edge - tnggered U - type thp - tlop teatunng 

mdlVldual data, clock, set and reset mputs and complementary lJ and lJ 

outputs. Set (Sd) and reset (Kd) are asynchronous active LUW mputs and 

operate mdependently of the clock Iflput. InfonnatlOn on the data (U) 

mput IS transterred to the (J output on the LUW - HlliH transItion of the 

clock pulse. I he U mputs must be stable one set up time pnor to the LUW 

- to - HlliH clock transitIOn tor predictable operation. 

Although the clock. mput IS level sensitive, the pOSItive transition ot the 

clock pulse between the UJS V and 2.UV level. Should be equal to or less 

than the clock to output delay time tor relIable operation. 

10 

D Q l~ 

CP II CI 

P.o ~ 6 
~ ~ ~ 

1 (3 

n3 15 skow~ 747i b~~ b -~ ft.:p -fLo r 

The truth table 

Mode 01 operation mputs output 

l) CK 

Start chargmg, KtSl: 1 U 

Charge, Kl:'.Sl:'. I U t u 

L4 



2.34 TKANSISTUK AS A SWITCtl (HJT SWITCHINli) 

In many electromc systems, transistors are used as non - Imear elements, 

that IS as controlled sWitches. A bipolar Junction transistor (liJT) that IS 

dnven mto cut ott regIOn passes essentlally no current and appears as an 

open SWitch. 

The transistor can be made to operate as a sWitch by controlling the base 

current (Ie the transistor m either workmg m the cut otfregIon (OFF state) 

or In the saturated region (UN state). At the cut ot - regIon base - emitter 

and base - collector or junctions are mverse biased consldenng the CirCUIt 

111 "Ig I b (a) It the box current Ib IS zero, than the collector current Ice 

Will be a small leakage current and the voltage drop across the load R1 

would be negligible, hence the voltage across collector - emitter JunctIOn 

IS approXimately the supply voltage that IS 

Ve ~Vs when the transistor is cut otr 

When saturation conditIOns IS reached, both junctions are torward biased. 

I he SWitch IS controlled by the current applied to the base when the mput 

Signal IS large and pOSitive, the transistor saturates and the collector 

current IS 

Icsat == (Vs - Vce, sat)/KL 



V.s "'Ito----------. 

Va 

ov ------~~--~---------------
It'ig 16 (a) common emitter sWitch 

And the emitter current 

Ie = lb + lc, sat 

Hase current at sat conditIOn 

Ib> Ie, saUhte 

The voltage at this pomt 

Vee;;;;; V ce,sat 

I he tranSistor used In thiS design IS lie Jj"f 

NPN I ranslstor hg lo(b) 

2.36 REL\\, 

&,t\-a 
PNP "' ranSlstor ttg 10 (c) 

A relay IS an electromagnetic sWltclung deVice that can be used as a 

remote control. I he pnmary tunctlon ot a relay IS the transnusslOn and 
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control of electnc current accomplished by mecharuca1 contactmg and 

actuatmg device. I here are many kmds ot relays m seTVIce. 

I he basIc construction ot a control relay conSists ot an electromagnet 

operatmg on a plunger 

When power IS applied to the COil, It operates 

When power IS removed, It returns to Its prevIous position 

5 
I1lg 17 

Conventional representation ot a relay. 

2.37 SYSTI!:M Dl!:SlGN (;AL(;ULATIUN 

2.37.1 FUR (;UI\1PAHATUR (L1\1311) 

"UK IlV 

VRl=R9/R9+R7 x V 

Assunung K 7 = 10K 

1.2V = R9/R9 + 10 x 12 

U.l == KI.JIKY t lU 

o. 1 R9 + 1 K = R9 

R9 = 1.lK 
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.. UK 1.4\, 

1.2 = 1. lKl1. lK + R8 X 24 

O.OSK + 0.OSR8 = 1.1K 

R8 = 1.045/0.05 = 21 

1 heretore preterred value K~ = llK. 

2.37.2 FOR 555 TIMER 

12V 

VR2 = R121R12 + Rll x V 

1.6b = KI:l/KI2 +10 x IU.) 

0.158RI2 + 1.580 = RI2 

un6K = K12 

FOR 2~V 

l.bb = us fbf US/b +KIO X :l 1 

0.1482 + 0.079RlO = 1.876 

RlO = 21.87 

I heretore preterred value K I U = :l:lK 

Also 

T = 1.IRe 

"-' 1.1 R De2 

Aassume T = 1 sec 

L:.! -'" 11l.IKU 

= 111.1 x 100 

C2 = IUUI' pretCrred Valuc 
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l..j I.j HA~r.; Kr.;~I~ I UK UK IKl. 

From data book 

VUE = 0.7 

IB = 043mA 

KU = V - VUl:IlU 

= 5 - 0.7/0.43 x 10 

= 10K 

2.37.4 LIGHT EMTTlNG DIODE, LED 

1'rom data book. 

VLED = 1.7V 

lLED = 25mA 

R15 = 5 - 1.7/25 x 10 

= IJ2 

preterred Value nu to protect the LhLJ 

2.38 PRINCIPLE O}' OPERATION OF THE CHARGER 

I he CIrCUIt desIgned IS a hIgh pertormance charger WIth partIcular 

reterence tor loa£! aCid battenes. A chargmg device Charges battery 

qUIckly and shuts ott at tull charge. 

Uetore chargmg can commence the »)) tImer has to be tnggered by at 

least IOVcc l.e 1.66 volts. Tills can be arnved at by varymg the van able 

resIstor. Unce the ))) Ilmer has been tnggered by at least l.bbV. The 

555nmer sends out a low to high signal at pm J (output Pm) which 
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tnggers or clocks the U 111p- lip which results Into a high signal. The relay 

IS enabled by the UCJJ1{ I K:l) actmg as a sWitch. The relay IS normally 

opened.l he light enuttmg diode (KEU) comes UN which indicates 

chargmg has began. A slide sWitell IS proVldea to select the particular 

voltag~ level the battery IS to be charged (l2V or :l4V). Voltage reterence 

IS hxed at I U.:> V and :ll V respectively. I he comparator pertorms the 

central operation. 

The hxed reterence voltage IS 1.2 (V l) and (V2) can be obtained by tixmg 

a value tor the vanable resIstor. Whenever V I < V:l a reset signal IS sent 

out at the output ot the comparator which resets the U tlip-tlop indicating 

lull charge at 12 V or :l4 V, the light emlttmg diode {UKb.b.N} comes on 

mdlcatmg tull charge wlule the LEU (REU) goes of preventmg 

overchargmg. I he LeLJ IJere IS a dual mdlcator. A test =SWitch IS proVIded 

to momentanly activates the charger when the battery is neither rngh or 

low. 
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CUAPTER THREE 

J.U LUNSTKUcnUN, Tt.;STIN~ ANU Kt;SULTS. 

3.1 CONSTRUCTION 

The Circuit \\-as constructed by soldenng the components on a vero board 

as tollows. Ihe power supply which consists ot a transtonner, rectlners, 

capacitor, voltage regulators. 

Also, the chargmg section whlch COnsists ot" LMJ 17'1' (2) and Translstor 

2N3772 diode DXRP bO~ was also soldered on the veroboard. The 

control and sw!tchlng section whlch COnsiStS of a voltage comparator 

lLMJ II), »)Tlnler, "14"14 L> tllp - tlop, Keslstors, transistor BC JJ"I and 

relay was also soldered. t.ach sectIOn was soldered and tested and 

conhmled okay. Each secllon IS tested betore proceedmg to the next 

stage. 

Assembly components on a vero lJoar£! presents speCial prolJlems m tenns 

of lead bending. Allgntng tnsettmg) cnmptng and protectIOn the deVIce 

betore and dunng soldenng. All these pomts need attentton for the 

finished construction to be reliable. 

Also an Important precaution regardtng the proteCtion of the CIrCUit 

components torm excessive heat whlle soldenng was taken mto 

conSlderallon. 1 Ills heat IS transterred tonn the soJdenng Iron Up through 

the lead. As a result ot thiS heat, manutacturers otten proVide assembly 

mfonllallon together wnn the maximum allowance time that speclt1es 

temperatures that the devlcc can tolerate without runrung the lela". b8n<l 
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..ciRCUIT. DIAGRAM OFI2VAND.24V MIJERY CHARWNG- DEYICE 
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